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l  Dark Matter searches: 
-  Higgs à invisible 

l  Overview 
l  VBF channel 
l  Combo 

-  V+MET, Z’+MET, H+MET 

 

l  More Exotics results: 
-  https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults 
-  https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO 
-  https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G  
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OUTLINE #1 

�
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Generic signature: 
SM particles 

transverse  
detector plane 

MET 

MET: missing transverse momentum 
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l  Motivation: 
-  Higgs couples to massive particles 
-  Dark Matter particles massive… 
-                  possible if 

l  Competitive – Higgs production as tag: 
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HIGGS à INVISIBLE 

H ! ��
<latexit sha1_base64="Fk4o6HD7ZFVOjmuo4TSDCih7Lv8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUDwVvPRYwX5AE8pmu2mXbnbj7qRQQn+HFw+KePXHePPfuGlz0NYHA4/3ZpiZFyaCG3Ddb6e0sbm1vVPereztHxweVY9POkalmrI2VULpXkgME1yyNnAQrJdoRuJQsG44uc/97pRpw5V8hFnCgpiMJI84JWCloOmD8umY51UZVGtu3V0ArxOvIDVUoDWofvlDRdOYSaCCGNP33ASCjGjgVLB5xU8NSwidkBHrWypJzEyQLY6e4wurDHGktC0JeKH+nshIbMwsDm1nTGBsVr1c/M/rpxDdBhmXSQpM0uWiKBUYFM4TwEOuGQUxs4RQze2tmI6JJhRsTnkI3urL66RzVffcuvdwXWvcFXGU0Rk6R5fIQzeogZqohdqIoif0jF7RmzN1Xpx352PZWnKKmVP0B87nDyOXkaU=</latexit><latexit sha1_base64="Fk4o6HD7ZFVOjmuo4TSDCih7Lv8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUDwVvPRYwX5AE8pmu2mXbnbj7qRQQn+HFw+KePXHePPfuGlz0NYHA4/3ZpiZFyaCG3Ddb6e0sbm1vVPereztHxweVY9POkalmrI2VULpXkgME1yyNnAQrJdoRuJQsG44uc/97pRpw5V8hFnCgpiMJI84JWCloOmD8umY51UZVGtu3V0ArxOvIDVUoDWofvlDRdOYSaCCGNP33ASCjGjgVLB5xU8NSwidkBHrWypJzEyQLY6e4wurDHGktC0JeKH+nshIbMwsDm1nTGBsVr1c/M/rpxDdBhmXSQpM0uWiKBUYFM4TwEOuGQUxs4RQze2tmI6JJhRsTnkI3urL66RzVffcuvdwXWvcFXGU0Rk6R5fIQzeogZqohdqIoif0jF7RmzN1Xpx352PZWnKKmVP0B87nDyOXkaU=</latexit><latexit sha1_base64="Fk4o6HD7ZFVOjmuo4TSDCih7Lv8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUDwVvPRYwX5AE8pmu2mXbnbj7qRQQn+HFw+KePXHePPfuGlz0NYHA4/3ZpiZFyaCG3Ddb6e0sbm1vVPereztHxweVY9POkalmrI2VULpXkgME1yyNnAQrJdoRuJQsG44uc/97pRpw5V8hFnCgpiMJI84JWCloOmD8umY51UZVGtu3V0ArxOvIDVUoDWofvlDRdOYSaCCGNP33ASCjGjgVLB5xU8NSwidkBHrWypJzEyQLY6e4wurDHGktC0JeKH+nshIbMwsDm1nTGBsVr1c/M/rpxDdBhmXSQpM0uWiKBUYFM4TwEOuGQUxs4RQze2tmI6JJhRsTnkI3urL66RzVffcuvdwXWvcFXGU0Rk6R5fIQzeogZqohdqIoif0jF7RmzN1Xpx352PZWnKKmVP0B87nDyOXkaU=</latexit><latexit sha1_base64="Fk4o6HD7ZFVOjmuo4TSDCih7Lv8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUDwVvPRYwX5AE8pmu2mXbnbj7qRQQn+HFw+KePXHePPfuGlz0NYHA4/3ZpiZFyaCG3Ddb6e0sbm1vVPereztHxweVY9POkalmrI2VULpXkgME1yyNnAQrJdoRuJQsG44uc/97pRpw5V8hFnCgpiMJI84JWCloOmD8umY51UZVGtu3V0ArxOvIDVUoDWofvlDRdOYSaCCGNP33ASCjGjgVLB5xU8NSwidkBHrWypJzEyQLY6e4wurDHGktC0JeKH+nshIbMwsDm1nTGBsVr1c/M/rpxDdBhmXSQpM0uWiKBUYFM4TwEOuGQUxs4RQze2tmI6JJhRsTnkI3urL66RzVffcuvdwXWvcFXGU0Rk6R5fIQzeogZqohdqIoif0jF7RmzN1Xpx352PZWnKKmVP0B87nDyOXkaU=</latexit>

M�  MH
<latexit sha1_base64="+gk4B+3L095Ar1hCm2/rWfd9o58=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUDwVvPRSqGA/oA1hs520SzebuLsRaugv8eJBEa/+FG/+GzdtDtr6YODx3gwz84KEM6Ud59taW9/Y3Nou7ZR39/YPKvbhUUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk9vc7z6CVCwW93qagBeRkWAho0QbybcrTX9Ax2zA4QE3/UbZt6tOzZkDrxK3IFVUoOXbX4NhTNMIhKacKNV3nUR7GZGaUQ6z8iBVkBA6ISPoGypIBMrL5ofP8JlRhjiMpSmh8Vz9PZGRSKlpFJjOiOixWvZy8T+vn+rw2suYSFINgi4WhSnHOsZ5CnjIJFDNp4YQKpm5FdMxkYRqk1Uegrv88irpXNRcp+beXVbrN0UcJXSCTtE5ctEVqqMGaqE2oihFz+gVvVlP1ov1bn0sWtesYuYY/YH1+QNZeZIx</latexit><latexit sha1_base64="+gk4B+3L095Ar1hCm2/rWfd9o58=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUDwVvPRSqGA/oA1hs520SzebuLsRaugv8eJBEa/+FG/+GzdtDtr6YODx3gwz84KEM6Ud59taW9/Y3Nou7ZR39/YPKvbhUUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk9vc7z6CVCwW93qagBeRkWAho0QbybcrTX9Ax2zA4QE3/UbZt6tOzZkDrxK3IFVUoOXbX4NhTNMIhKacKNV3nUR7GZGaUQ6z8iBVkBA6ISPoGypIBMrL5ofP8JlRhjiMpSmh8Vz9PZGRSKlpFJjOiOixWvZy8T+vn+rw2suYSFINgi4WhSnHOsZ5CnjIJFDNp4YQKpm5FdMxkYRqk1Uegrv88irpXNRcp+beXVbrN0UcJXSCTtE5ctEVqqMGaqE2oihFz+gVvVlP1ov1bn0sWtesYuYY/YH1+QNZeZIx</latexit><latexit sha1_base64="+gk4B+3L095Ar1hCm2/rWfd9o58=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUDwVvPRSqGA/oA1hs520SzebuLsRaugv8eJBEa/+FG/+GzdtDtr6YODx3gwz84KEM6Ud59taW9/Y3Nou7ZR39/YPKvbhUUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk9vc7z6CVCwW93qagBeRkWAho0QbybcrTX9Ax2zA4QE3/UbZt6tOzZkDrxK3IFVUoOXbX4NhTNMIhKacKNV3nUR7GZGaUQ6z8iBVkBA6ISPoGypIBMrL5ofP8JlRhjiMpSmh8Vz9PZGRSKlpFJjOiOixWvZy8T+vn+rw2suYSFINgi4WhSnHOsZ5CnjIJFDNp4YQKpm5FdMxkYRqk1Uegrv88irpXNRcp+beXVbrN0UcJXSCTtE5ctEVqqMGaqE2oihFz+gVvVlP1ov1bn0sWtesYuYY/YH1+QNZeZIx</latexit><latexit sha1_base64="+gk4B+3L095Ar1hCm2/rWfd9o58=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUDwVvPRSqGA/oA1hs520SzebuLsRaugv8eJBEa/+FG/+GzdtDtr6YODx3gwz84KEM6Ud59taW9/Y3Nou7ZR39/YPKvbhUUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk9vc7z6CVCwW93qagBeRkWAho0QbybcrTX9Ax2zA4QE3/UbZt6tOzZkDrxK3IFVUoOXbX4NhTNMIhKacKNV3nUR7GZGaUQ6z8iBVkBA6ISPoGypIBMrL5ofP8JlRhjiMpSmh8Vz9PZGRSKlpFJjOiOixWvZy8T+vn+rw2suYSFINgi4WhSnHOsZ5CnjIJFDNp4YQKpm5FdMxkYRqk1Uegrv88irpXNRcp+beXVbrN0UcJXSCTtE5ctEVqqMGaqE2oihFz+gVvVlP1ov1bn0sWtesYuYY/YH1+QNZeZIx</latexit>

ggF H [49 pb] VH [2.3 pb] VBF H [3.8 pb] 
 
 
 
 
 
 
 

ggF+V(had)H(inv): 0.83 (0.58) [1] 
Z(ℓℓ)H(inv): 0.67 (0.39) [2] 0.28 (0.31) [3] 

ggF+V(had)H(inv): 0.53 (0.40) [4] 
Z(ℓℓ)H(inv): 0.40 (0.42) [5] 0.28 (0.21) [6] 

+ ISR jet 

[1] CONF-2018-005 
[2] 1708.09624 
[3] 1508.07869 
[4] 1712.02345 
[5] 1711.00431 
[6] HIG-17-023 

ATLAS 

CMS 

Next slides 
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l  Analysis strategy: 
-  Require MET > 250 GeV  
-  Require high Δ𝞰jj jj 

-  Look for excess at high mjj: 
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VBF HIGGS à INVISIBLE 

1) Cut & count:  
     mjj > 1.3 TeV, Δ𝞰jj > 4 jj > 4 

HIG-17-023 

MET 

�

�
p

<latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit>

p
<latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit>

q
<latexit sha1_base64="jhdoyXcl6DwG02FwHCghq4NZHwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYmuhDWWz3bRLN5u4OxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfJ37D09cGxGre5wk3I/oUIlQMIpWunus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOlnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14m7bO659a92/Na46qIowxHcAyn4MEFNOAGmtACBiE8wyu8OWPnxXl3PuatJaeYOYQ/cD5/AA3BjQE=</latexit><latexit sha1_base64="jhdoyXcl6DwG02FwHCghq4NZHwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYmuhDWWz3bRLN5u4OxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfJ37D09cGxGre5wk3I/oUIlQMIpWunus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOlnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14m7bO659a92/Na46qIowxHcAyn4MEFNOAGmtACBiE8wyu8OWPnxXl3PuatJaeYOYQ/cD5/AA3BjQE=</latexit><latexit sha1_base64="jhdoyXcl6DwG02FwHCghq4NZHwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYmuhDWWz3bRLN5u4OxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfJ37D09cGxGre5wk3I/oUIlQMIpWunus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOlnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14m7bO659a92/Na46qIowxHcAyn4MEFNOAGmtACBiE8wyu8OWPnxXl3PuatJaeYOYQ/cD5/AA3BjQE=</latexit><latexit sha1_base64="jhdoyXcl6DwG02FwHCghq4NZHwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYmuhDWWz3bRLN5u4OxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfJ37D09cGxGre5wk3I/oUIlQMIpWunus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOlnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14m7bO659a92/Na46qIowxHcAyn4MEFNOAGmtACBiE8wyu8OWPnxXl3PuatJaeYOYQ/cD5/AA3BjQE=</latexit>

q
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mjj 1 TeV 
two forward jets 
no other jets at LO 

2) Shape fit:  
     mjj > 0.2 TeV, Δ𝞰jj > 1 jj > 1 



OLEG BRANDT 

l  Constrain Z(vv)+jets, W+jets in signal region (SR) using control regions (CR): 
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VBF HIGGS à INVISIBLE 

Z(vv)+jets Z(ℓℓ)+jets 

0 lepton SR 1 lepton CR 2 lepton CR 
Signal + constrain  

Z(vv)+jets etc. at low mjj Constrain W+jets Constrain Z(vv)+jets   
using Z(𝓵𝓵)+jets 
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OLEG BRANDT 

l  Constrain Z(vv)+jets, W+jets in signal region (SR) using control regions (CR): 
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VBF HIGGS à INVISIBLE 

0 lepton SR 1 lepton CR 2 lepton CR 
Signal + constrain  

Z(vv)+jets etc. at low mjj Constrain W+jets Constrain Z(vv)+jets   
using Z(𝓵𝓵)+jets 
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OLEG BRANDT 

l  Result: 
-  BR(Hàinv) < 0.28 (0.21) 

7 

VBF HIGGS à INVISIBLE 
l  Combination with other channels: 

-  BR(Hàinv) < 0.24 (0.18) 

l  Run 1 combinations: 
-  ATLAS: <0.23 (0.24) [1509.00672] 
-  CMS: <0.24 (0.23) [1610.09218] 
-  LHC: <0.34 [1606.02266] (indir.) HIG-17-023 

New! 



OLEG BRANDT 

l  Analysis strategy: 
-  Require MET  
-  Look for excess in mqq distribution: 
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V+MET: MOTIVATION & STRATEGY 

× ~10 MET bins 
× (0,1, 2 b-tags)  
× ~merged/resolved 
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mqq only 
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l  Analysis strategy: 
-  Require MET  
-  Look for excess in mqq distribution: 
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V+MET: MOTIVATION & STRATEGY 

× ~10 MET bins 
× (0,1, 2 b-tags)  
× ~merged/resolved 
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1) Merged: 
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MET 

MET 
mqq + selection 
on D2(𝜷=1) 

mqq only 

New combined mass 
(tracks + calo clusters) 



OLEG BRANDT 

l  Constrain Z(vv)+jets, W+jets in signal region (SR) using control regions (CR) 
-  Similar to VBF Higgs à invisible analysis 

l  Representative SR plots: 
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V+MET: BACKGROUND ESTIMATION 
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OLEG BRANDT 11 

V+MET: RESULTS 

Provided à partonic Xsec limits 

New! 

New! 

ATLAS-CONF-2018-005 



OLEG BRANDT 

l  Strategy: change the mass hypothesis in V+MET 
-  For mZ’ ≥ 100 GeV only resolved regime 
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Z’+MET: SUMMARY + RESULTS 

First search 
for Z’+DM! 

New! 
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OLEG BRANDT 13 

HIGGS+MET: RESULTS 

Provided à partonic Xsec limits 

P
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11
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Strategy similar 
to V+MET 
Require 1,2 b-tags 
Full mbb fit 



OLEG BRANDT 14 

OUTLINE #2 
l  Resonance searches: 

-  Dijet resonances + lepton (80 fb-1) 
-  HH resonances 
-  Hy resonances 
-  W’ à lv resonances (80 fb-1) 

l  More Exotics results: 
-  https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults 
-  https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO 
-  https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G  

Generic signature: 



OLEG BRANDT 

l  Analysis strategy: 
-  Look for a resonance in mjj 
-  Trigger on lepton 

l  push to low dijet masses: 

-  Lowest unprescaled triggers: 
l  Isolated electrons: pT > 26 GeV 
l  Isolated muons: pT > 24 GeV 
l  [Jets: pT > 420 GeV à mjj > 1 TeV] 

15 

DIJET RESONANCES + LEPTON 
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<latexit sha1_base64="Q2pOFGMErhnfOCq3D6v/rHavekc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2m33WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDuY3M/99hMqzWP5aKYJ+hEdSh5yRo2VGuN+ueJW3QXIOvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBW6qUaE8omdIhdSyWNUPvZ4tAZubDKgISxsiUNWai/JzIaaT2NAtsZUTPSq95c/M/rpia89TMuk9SgZMtFYSqIicn8azLgCpkRU0soU9zeStiIKsqMzaZkQ/BWX14nrauq51a9xnWldpfHUYQzOIdL8OAGavAAdWgCA4RneIU3Z+y8OO/Ox7K14OQzp/AHzucPzpmM5g==</latexit><latexit sha1_base64="Q2pOFGMErhnfOCq3D6v/rHavekc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2m33WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDuY3M/99hMqzWP5aKYJ+hEdSh5yRo2VGuN+ueJW3QXIOvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBW6qUaE8omdIhdSyWNUPvZ4tAZubDKgISxsiUNWai/JzIaaT2NAtsZUTPSq95c/M/rpia89TMuk9SgZMtFYSqIicn8azLgCpkRU0soU9zeStiIKsqMzaZkQ/BWX14nrauq51a9xnWldpfHUYQzOIdL8OAGavAAdWgCA4RneIU3Z+y8OO/Ox7K14OQzp/AHzucPzpmM5g==</latexit><latexit sha1_base64="Q2pOFGMErhnfOCq3D6v/rHavekc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2m33WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDuY3M/99hMqzWP5aKYJ+hEdSh5yRo2VGuN+ueJW3QXIOvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBW6qUaE8omdIhdSyWNUPvZ4tAZubDKgISxsiUNWai/JzIaaT2NAtsZUTPSq95c/M/rpia89TMuk9SgZMtFYSqIicn8azLgCpkRU0soU9zeStiIKsqMzaZkQ/BWX14nrauq51a9xnWldpfHUYQzOIdL8OAGavAAdWgCA4RneIU3Z+y8OO/Ox7K14OQzp/AHzucPzpmM5g==</latexit><latexit sha1_base64="Q2pOFGMErhnfOCq3D6v/rHavekc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2m33WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDuY3M/99hMqzWP5aKYJ+hEdSh5yRo2VGuN+ueJW3QXIOvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBW6qUaE8omdIhdSyWNUPvZ4tAZubDKgISxsiUNWai/JzIaaT2NAtsZUTPSq95c/M/rpia89TMuk9SgZMtFYSqIicn8azLgCpkRU0soU9zeStiIKsqMzaZkQ/BWX14nrauq51a9xnWldpfHUYQzOIdL8OAGavAAdWgCA4RneIU3Z+y8OO/Ox7K14OQzp/AHzucPzpmM5g==</latexit>

` = e, µ
<latexit sha1_base64="UrbzB/WPB/5xHHNDhdjU0cdD638=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBEUQCl48VrAf2ISy2U7bpZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeWEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTukGgWX2DDcCGwnCmkUCmyFo9up33pCpXksH8w4wSCiA8n7nFFjpUcfhbjBMz9Ku+WKW3VnIMvEy0kFctS75S+/F7M0QmmYoFp3PDcxQUaV4UzgpOSnGhPKRnSAHUsljVAH2eziCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif10lN/yrIuExSg5LNF/VTQUxMpu+THlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVz236t1fVGrXeRxFOIJjOAUPLqEGd1CHBjCQ8Ayv8OZo58V5dz7mrQUnnzmEP3A+fwARCJB7</latexit><latexit sha1_base64="UrbzB/WPB/5xHHNDhdjU0cdD638=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBEUQCl48VrAf2ISy2U7bpZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeWEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTukGgWX2DDcCGwnCmkUCmyFo9up33pCpXksH8w4wSCiA8n7nFFjpUcfhbjBMz9Ku+WKW3VnIMvEy0kFctS75S+/F7M0QmmYoFp3PDcxQUaV4UzgpOSnGhPKRnSAHUsljVAH2eziCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif10lN/yrIuExSg5LNF/VTQUxMpu+THlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVz236t1fVGrXeRxFOIJjOAUPLqEGd1CHBjCQ8Ayv8OZo58V5dz7mrQUnnzmEP3A+fwARCJB7</latexit><latexit sha1_base64="UrbzB/WPB/5xHHNDhdjU0cdD638=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBEUQCl48VrAf2ISy2U7bpZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeWEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTukGgWX2DDcCGwnCmkUCmyFo9up33pCpXksH8w4wSCiA8n7nFFjpUcfhbjBMz9Ku+WKW3VnIMvEy0kFctS75S+/F7M0QmmYoFp3PDcxQUaV4UzgpOSnGhPKRnSAHUsljVAH2eziCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif10lN/yrIuExSg5LNF/VTQUxMpu+THlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVz236t1fVGrXeRxFOIJjOAUPLqEGd1CHBjCQ8Ayv8OZo58V5dz7mrQUnnzmEP3A+fwARCJB7</latexit><latexit sha1_base64="UrbzB/WPB/5xHHNDhdjU0cdD638=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBEUQCl48VrAf2ISy2U7bpZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeWEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTukGgWX2DDcCGwnCmkUCmyFo9up33pCpXksH8w4wSCiA8n7nFFjpUcfhbjBMz9Ku+WKW3VnIMvEy0kFctS75S+/F7M0QmmYoFp3PDcxQUaV4UzgpOSnGhPKRnSAHUsljVAH2eziCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif10lN/yrIuExSg5LNF/VTQUxMpu+THlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVz236t1fVGrXeRxFOIJjOAUPLqEGd1CHBjCQ8Ayv8OZo58V5dz7mrQUnnzmEP3A+fwARCJB7</latexit>

mjj 

Trigger: 

q
<latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit>

q
<latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit>

Z 0
<latexit sha1_base64="5gUPkDD3woERIK4R8O24hnOd9iM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUDwVvHisYj+wDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3T+e9soVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs3zqudWvbuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAWwo0H</latexit><latexit sha1_base64="5gUPkDD3woERIK4R8O24hnOd9iM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUDwVvHisYj+wDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3T+e9soVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs3zqudWvbuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAWwo0H</latexit><latexit sha1_base64="5gUPkDD3woERIK4R8O24hnOd9iM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUDwVvHisYj+wDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3T+e9soVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs3zqudWvbuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAWwo0H</latexit><latexit sha1_base64="5gUPkDD3woERIK4R8O24hnOd9iM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUDwVvHisYj+wDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3T+e9soVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs3zqudWvbuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAWwo0H</latexit>

q
<latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit>

q
<latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit>

Z 0
<latexit sha1_base64="5gUPkDD3woERIK4R8O24hnOd9iM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUDwVvHisYj+wDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3T+e9soVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs3zqudWvbuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAWwo0H</latexit><latexit sha1_base64="5gUPkDD3woERIK4R8O24hnOd9iM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUDwVvHisYj+wDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3T+e9soVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs3zqudWvbuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAWwo0H</latexit><latexit sha1_base64="5gUPkDD3woERIK4R8O24hnOd9iM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUDwVvHisYj+wDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3T+e9soVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs3zqudWvbuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAWwo0H</latexit><latexit sha1_base64="5gUPkDD3woERIK4R8O24hnOd9iM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUDwVvHisYj+wDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3T+e9soVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs3zqudWvbuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAWwo0H</latexit>

Motivation: search for Dark Sector mediator 

W
<latexit sha1_base64="vwdT2OiNhVth0FOHs9Wcyw8d0HE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2Vmp1BueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPsc2M0w==</latexit><latexit sha1_base64="vwdT2OiNhVth0FOHs9Wcyw8d0HE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2Vmp1BueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPsc2M0w==</latexit><latexit sha1_base64="vwdT2OiNhVth0FOHs9Wcyw8d0HE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2Vmp1BueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPsc2M0w==</latexit><latexit sha1_base64="vwdT2OiNhVth0FOHs9Wcyw8d0HE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2Vmp1BueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPsc2M0w==</latexit>

`
<latexit sha1_base64="8u+BHw55cb9fq8eFS6yTgL0lVSE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNpYRTAwkR9jbTJIlu3vH7p4QjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYngxvr+t1daW9/Y3CpvV3Z29/YPqodHbROnmmGLxSLWnYgaFFxhy3IrsJNopDIS+BhNbnP/8Qm14bF6sNMEQ0lHig85ozaXeihEv1rz6/4cZJUEBalBgWa/+tUbxCyVqCwT1Jhu4Cc2zKi2nAmcVXqpwYSyCR1h11FFJZowm986I2dOGZBhrF0pS+bq74mMSmOmMnKdktqxWfZy8T+vm9rhdZhxlaQWFVssGqaC2Jjkj5MB18ismDpCmebuVsLGVFNmXTwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQr+jjM=</latexit><latexit sha1_base64="8u+BHw55cb9fq8eFS6yTgL0lVSE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNpYRTAwkR9jbTJIlu3vH7p4QjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYngxvr+t1daW9/Y3CpvV3Z29/YPqodHbROnmmGLxSLWnYgaFFxhy3IrsJNopDIS+BhNbnP/8Qm14bF6sNMEQ0lHig85ozaXeihEv1rz6/4cZJUEBalBgWa/+tUbxCyVqCwT1Jhu4Cc2zKi2nAmcVXqpwYSyCR1h11FFJZowm986I2dOGZBhrF0pS+bq74mMSmOmMnKdktqxWfZy8T+vm9rhdZhxlaQWFVssGqaC2Jjkj5MB18ismDpCmebuVsLGVFNmXTwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQr+jjM=</latexit><latexit sha1_base64="8u+BHw55cb9fq8eFS6yTgL0lVSE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNpYRTAwkR9jbTJIlu3vH7p4QjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYngxvr+t1daW9/Y3CpvV3Z29/YPqodHbROnmmGLxSLWnYgaFFxhy3IrsJNopDIS+BhNbnP/8Qm14bF6sNMEQ0lHig85ozaXeihEv1rz6/4cZJUEBalBgWa/+tUbxCyVqCwT1Jhu4Cc2zKi2nAmcVXqpwYSyCR1h11FFJZowm986I2dOGZBhrF0pS+bq74mMSmOmMnKdktqxWfZy8T+vm9rhdZhxlaQWFVssGqaC2Jjkj5MB18ismDpCmebuVsLGVFNmXTwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQr+jjM=</latexit><latexit sha1_base64="8u+BHw55cb9fq8eFS6yTgL0lVSE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNpYRTAwkR9jbTJIlu3vH7p4QjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYngxvr+t1daW9/Y3CpvV3Z29/YPqodHbROnmmGLxSLWnYgaFFxhy3IrsJNopDIS+BhNbnP/8Qm14bF6sNMEQ0lHig85ozaXeihEv1rz6/4cZJUEBalBgWa/+tUbxCyVqCwT1Jhu4Cc2zKi2nAmcVXqpwYSyCR1h11FFJZowm986I2dOGZBhrF0pS+bq74mMSmOmMnKdktqxWfZy8T+vm9rhdZhxlaQWFVssGqaC2Jjkj5MB18ismDpCmebuVsLGVFNmXTwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQr+jjM=</latexit>

⌫
<latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit><latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit><latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit><latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit> `

<latexit sha1_base64="8u+BHw55cb9fq8eFS6yTgL0lVSE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNpYRTAwkR9jbTJIlu3vH7p4QjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYngxvr+t1daW9/Y3CpvV3Z29/YPqodHbROnmmGLxSLWnYgaFFxhy3IrsJNopDIS+BhNbnP/8Qm14bF6sNMEQ0lHig85ozaXeihEv1rz6/4cZJUEBalBgWa/+tUbxCyVqCwT1Jhu4Cc2zKi2nAmcVXqpwYSyCR1h11FFJZowm986I2dOGZBhrF0pS+bq74mMSmOmMnKdktqxWfZy8T+vm9rhdZhxlaQWFVssGqaC2Jjkj5MB18ismDpCmebuVsLGVFNmXTwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQr+jjM=</latexit><latexit sha1_base64="8u+BHw55cb9fq8eFS6yTgL0lVSE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNpYRTAwkR9jbTJIlu3vH7p4QjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYngxvr+t1daW9/Y3CpvV3Z29/YPqodHbROnmmGLxSLWnYgaFFxhy3IrsJNopDIS+BhNbnP/8Qm14bF6sNMEQ0lHig85ozaXeihEv1rz6/4cZJUEBalBgWa/+tUbxCyVqCwT1Jhu4Cc2zKi2nAmcVXqpwYSyCR1h11FFJZowm986I2dOGZBhrF0pS+bq74mMSmOmMnKdktqxWfZy8T+vm9rhdZhxlaQWFVssGqaC2Jjkj5MB18ismDpCmebuVsLGVFNmXTwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQr+jjM=</latexit><latexit sha1_base64="8u+BHw55cb9fq8eFS6yTgL0lVSE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNpYRTAwkR9jbTJIlu3vH7p4QjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYngxvr+t1daW9/Y3CpvV3Z29/YPqodHbROnmmGLxSLWnYgaFFxhy3IrsJNopDIS+BhNbnP/8Qm14bF6sNMEQ0lHig85ozaXeihEv1rz6/4cZJUEBalBgWa/+tUbxCyVqCwT1Jhu4Cc2zKi2nAmcVXqpwYSyCR1h11FFJZowm986I2dOGZBhrF0pS+bq74mMSmOmMnKdktqxWfZy8T+vm9rhdZhxlaQWFVssGqaC2Jjkj5MB18ismDpCmebuVsLGVFNmXTwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQr+jjM=</latexit><latexit sha1_base64="8u+BHw55cb9fq8eFS6yTgL0lVSE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNpYRTAwkR9jbTJIlu3vH7p4QjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYngxvr+t1daW9/Y3CpvV3Z29/YPqodHbROnmmGLxSLWnYgaFFxhy3IrsJNopDIS+BhNbnP/8Qm14bF6sNMEQ0lHig85ozaXeihEv1rz6/4cZJUEBalBgWa/+tUbxCyVqCwT1Jhu4Cc2zKi2nAmcVXqpwYSyCR1h11FFJZowm986I2dOGZBhrF0pS+bq74mMSmOmMnKdktqxWfZy8T+vm9rhdZhxlaQWFVssGqaC2Jjkj5MB18ismDpCmebuVsLGVFNmXTwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQr+jjM=</latexit>

⌫
<latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit><latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit><latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit><latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit>

�
<latexit sha1_base64="nUp3qVzyzE2f+9HUBxbPjRiAVqI=">AAAB+nicdVBLSwMxGMz6rPW11aOXYBE8ld1a28VTwYvHCvYB3aVks2kbmk2WJKuUtT/FiwdFvPpLvPlvzLYVVHQgZJj5PjKZMGFUacf5sFZW19Y3Ngtbxe2d3b19u3TQUSKVmLSxYEL2QqQIo5y0NdWM9BJJUBwy0g0nl7nfvSVSUcFv9DQhQYxGnA4pRtpIA7vkh4JFahqbK/PxmM4GdtmpeI16zatCp+I4rueeGeKee/WaC12j5CiDJVoD+92PBE5jwjVmSKm+6yQ6yJDUFDMyK/qpIgnCEzQifUM5iokKsnn0GTwxSgSHQprDNZyr3zcyFKs8nZmMkR6r314u/uX1Uz30gozyJNWE48VDw5RBLWDeA4yoJFizqSEIS2qyQjxGEmFt2iqaEr5+Cv8nnWrFNc1c18rNi2UdBXAEjsEpcEEDNMEVaIE2wOAOPIAn8GzdW4/Wi/W6GF2xljuH4Aest09c7ZSx</latexit><latexit sha1_base64="nUp3qVzyzE2f+9HUBxbPjRiAVqI=">AAAB+nicdVBLSwMxGMz6rPW11aOXYBE8ld1a28VTwYvHCvYB3aVks2kbmk2WJKuUtT/FiwdFvPpLvPlvzLYVVHQgZJj5PjKZMGFUacf5sFZW19Y3Ngtbxe2d3b19u3TQUSKVmLSxYEL2QqQIo5y0NdWM9BJJUBwy0g0nl7nfvSVSUcFv9DQhQYxGnA4pRtpIA7vkh4JFahqbK/PxmM4GdtmpeI16zatCp+I4rueeGeKee/WaC12j5CiDJVoD+92PBE5jwjVmSKm+6yQ6yJDUFDMyK/qpIgnCEzQifUM5iokKsnn0GTwxSgSHQprDNZyr3zcyFKs8nZmMkR6r314u/uX1Uz30gozyJNWE48VDw5RBLWDeA4yoJFizqSEIS2qyQjxGEmFt2iqaEr5+Cv8nnWrFNc1c18rNi2UdBXAEjsEpcEEDNMEVaIE2wOAOPIAn8GzdW4/Wi/W6GF2xljuH4Aest09c7ZSx</latexit><latexit sha1_base64="nUp3qVzyzE2f+9HUBxbPjRiAVqI=">AAAB+nicdVBLSwMxGMz6rPW11aOXYBE8ld1a28VTwYvHCvYB3aVks2kbmk2WJKuUtT/FiwdFvPpLvPlvzLYVVHQgZJj5PjKZMGFUacf5sFZW19Y3Ngtbxe2d3b19u3TQUSKVmLSxYEL2QqQIo5y0NdWM9BJJUBwy0g0nl7nfvSVSUcFv9DQhQYxGnA4pRtpIA7vkh4JFahqbK/PxmM4GdtmpeI16zatCp+I4rueeGeKee/WaC12j5CiDJVoD+92PBE5jwjVmSKm+6yQ6yJDUFDMyK/qpIgnCEzQifUM5iokKsnn0GTwxSgSHQprDNZyr3zcyFKs8nZmMkR6r314u/uX1Uz30gozyJNWE48VDw5RBLWDeA4yoJFizqSEIS2qyQjxGEmFt2iqaEr5+Cv8nnWrFNc1c18rNi2UdBXAEjsEpcEEDNMEVaIE2wOAOPIAn8GzdW4/Wi/W6GF2xljuH4Aest09c7ZSx</latexit><latexit sha1_base64="nUp3qVzyzE2f+9HUBxbPjRiAVqI=">AAAB+nicdVBLSwMxGMz6rPW11aOXYBE8ld1a28VTwYvHCvYB3aVks2kbmk2WJKuUtT/FiwdFvPpLvPlvzLYVVHQgZJj5PjKZMGFUacf5sFZW19Y3Ngtbxe2d3b19u3TQUSKVmLSxYEL2QqQIo5y0NdWM9BJJUBwy0g0nl7nfvSVSUcFv9DQhQYxGnA4pRtpIA7vkh4JFahqbK/PxmM4GdtmpeI16zatCp+I4rueeGeKee/WaC12j5CiDJVoD+92PBE5jwjVmSKm+6yQ6yJDUFDMyK/qpIgnCEzQifUM5iokKsnn0GTwxSgSHQprDNZyr3zcyFKs8nZmMkR6r314u/uX1Uz30gozyJNWE48VDw5RBLWDeA4yoJFizqSEIS2qyQjxGEmFt2iqaEr5+Cv8nnWrFNc1c18rNi2UdBXAEjsEpcEEDNMEVaIE2wOAOPIAn8GzdW4/Wi/W6GF2xljuH4Aest09c7ZSx</latexit>

�
<latexit sha1_base64="nUp3qVzyzE2f+9HUBxbPjRiAVqI=">AAAB+nicdVBLSwMxGMz6rPW11aOXYBE8ld1a28VTwYvHCvYB3aVks2kbmk2WJKuUtT/FiwdFvPpLvPlvzLYVVHQgZJj5PjKZMGFUacf5sFZW19Y3Ngtbxe2d3b19u3TQUSKVmLSxYEL2QqQIo5y0NdWM9BJJUBwy0g0nl7nfvSVSUcFv9DQhQYxGnA4pRtpIA7vkh4JFahqbK/PxmM4GdtmpeI16zatCp+I4rueeGeKee/WaC12j5CiDJVoD+92PBE5jwjVmSKm+6yQ6yJDUFDMyK/qpIgnCEzQifUM5iokKsnn0GTwxSgSHQprDNZyr3zcyFKs8nZmMkR6r314u/uX1Uz30gozyJNWE48VDw5RBLWDeA4yoJFizqSEIS2qyQjxGEmFt2iqaEr5+Cv8nnWrFNc1c18rNi2UdBXAEjsEpcEEDNMEVaIE2wOAOPIAn8GzdW4/Wi/W6GF2xljuH4Aest09c7ZSx</latexit><latexit sha1_base64="nUp3qVzyzE2f+9HUBxbPjRiAVqI=">AAAB+nicdVBLSwMxGMz6rPW11aOXYBE8ld1a28VTwYvHCvYB3aVks2kbmk2WJKuUtT/FiwdFvPpLvPlvzLYVVHQgZJj5PjKZMGFUacf5sFZW19Y3Ngtbxe2d3b19u3TQUSKVmLSxYEL2QqQIo5y0NdWM9BJJUBwy0g0nl7nfvSVSUcFv9DQhQYxGnA4pRtpIA7vkh4JFahqbK/PxmM4GdtmpeI16zatCp+I4rueeGeKee/WaC12j5CiDJVoD+92PBE5jwjVmSKm+6yQ6yJDUFDMyK/qpIgnCEzQifUM5iokKsnn0GTwxSgSHQprDNZyr3zcyFKs8nZmMkR6r314u/uX1Uz30gozyJNWE48VDw5RBLWDeA4yoJFizqSEIS2qyQjxGEmFt2iqaEr5+Cv8nnWrFNc1c18rNi2UdBXAEjsEpcEEDNMEVaIE2wOAOPIAn8GzdW4/Wi/W6GF2xljuH4Aest09c7ZSx</latexit><latexit sha1_base64="nUp3qVzyzE2f+9HUBxbPjRiAVqI=">AAAB+nicdVBLSwMxGMz6rPW11aOXYBE8ld1a28VTwYvHCvYB3aVks2kbmk2WJKuUtT/FiwdFvPpLvPlvzLYVVHQgZJj5PjKZMGFUacf5sFZW19Y3Ngtbxe2d3b19u3TQUSKVmLSxYEL2QqQIo5y0NdWM9BJJUBwy0g0nl7nfvSVSUcFv9DQhQYxGnA4pRtpIA7vkh4JFahqbK/PxmM4GdtmpeI16zatCp+I4rueeGeKee/WaC12j5CiDJVoD+92PBE5jwjVmSKm+6yQ6yJDUFDMyK/qpIgnCEzQifUM5iokKsnn0GTwxSgSHQprDNZyr3zcyFKs8nZmMkR6r314u/uX1Uz30gozyJNWE48VDw5RBLWDeA4yoJFizqSEIS2qyQjxGEmFt2iqaEr5+Cv8nnWrFNc1c18rNi2UdBXAEjsEpcEEDNMEVaIE2wOAOPIAn8GzdW4/Wi/W6GF2xljuH4Aest09c7ZSx</latexit><latexit sha1_base64="nUp3qVzyzE2f+9HUBxbPjRiAVqI=">AAAB+nicdVBLSwMxGMz6rPW11aOXYBE8ld1a28VTwYvHCvYB3aVks2kbmk2WJKuUtT/FiwdFvPpLvPlvzLYVVHQgZJj5PjKZMGFUacf5sFZW19Y3Ngtbxe2d3b19u3TQUSKVmLSxYEL2QqQIo5y0NdWM9BJJUBwy0g0nl7nfvSVSUcFv9DQhQYxGnA4pRtpIA7vkh4JFahqbK/PxmM4GdtmpeI16zatCp+I4rueeGeKee/WaC12j5CiDJVoD+92PBE5jwjVmSKm+6yQ6yJDUFDMyK/qpIgnCEzQifUM5iokKsnn0GTwxSgSHQprDNZyr3zcyFKs8nZmMkR6r314u/uX1Uz30gozyJNWE48VDw5RBLWDeA4yoJFizqSEIS2qyQjxGEmFt2iqaEr5+Cv8nnWrFNc1c18rNi2UdBXAEjsEpcEEDNMEVaIE2wOAOPIAn8GzdW4/Wi/W6GF2xljuH4Aest09c7ZSx</latexit>

q
<latexit sha1_base64="aJAFxenyuhlqdux1Q4L2vDOzzhA=">AAAB9XicdVBLSwMxGMz6rPVV9eglWARPZVNru3gqePFYwT6gXUs2m7ah2WRNskpZ+j+8eFDEq//Fm//GbFtBRQdChpnvI5MJYs60cd0PZ2l5ZXVtPbeR39za3tkt7O23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxRea376jSTIprM4mpH+GhYANGsLHSTS+QPNSTyF7p7bRfKLolr1ateGXollwXeejUEnTmVSsIIqtkKIIFGv3Cey+UJImoMIRjrbvIjY2fYmUY4XSa7yWaxpiM8ZB2LRU4otpPZ6mn8NgqIRxIZY8wcKZ+30hxpLNodjLCZqR/e5n4l9dNzMDzUybixFBB5g8NEg6NhFkFMGSKEsMnlmCimM0KyQgrTIwtKm9L+Pop/J+0yiVkm7mqFOvnizpy4BAcgROAQA3UwSVogCYgQIEH8ASenXvn0XlxXuejS85i5wD8gPP2CbBGk0M=</latexit><latexit sha1_base64="aJAFxenyuhlqdux1Q4L2vDOzzhA=">AAAB9XicdVBLSwMxGMz6rPVV9eglWARPZVNru3gqePFYwT6gXUs2m7ah2WRNskpZ+j+8eFDEq//Fm//GbFtBRQdChpnvI5MJYs60cd0PZ2l5ZXVtPbeR39za3tkt7O23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxRea376jSTIprM4mpH+GhYANGsLHSTS+QPNSTyF7p7bRfKLolr1ateGXollwXeejUEnTmVSsIIqtkKIIFGv3Cey+UJImoMIRjrbvIjY2fYmUY4XSa7yWaxpiM8ZB2LRU4otpPZ6mn8NgqIRxIZY8wcKZ+30hxpLNodjLCZqR/e5n4l9dNzMDzUybixFBB5g8NEg6NhFkFMGSKEsMnlmCimM0KyQgrTIwtKm9L+Pop/J+0yiVkm7mqFOvnizpy4BAcgROAQA3UwSVogCYgQIEH8ASenXvn0XlxXuejS85i5wD8gPP2CbBGk0M=</latexit><latexit sha1_base64="aJAFxenyuhlqdux1Q4L2vDOzzhA=">AAAB9XicdVBLSwMxGMz6rPVV9eglWARPZVNru3gqePFYwT6gXUs2m7ah2WRNskpZ+j+8eFDEq//Fm//GbFtBRQdChpnvI5MJYs60cd0PZ2l5ZXVtPbeR39za3tkt7O23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxRea376jSTIprM4mpH+GhYANGsLHSTS+QPNSTyF7p7bRfKLolr1ateGXollwXeejUEnTmVSsIIqtkKIIFGv3Cey+UJImoMIRjrbvIjY2fYmUY4XSa7yWaxpiM8ZB2LRU4otpPZ6mn8NgqIRxIZY8wcKZ+30hxpLNodjLCZqR/e5n4l9dNzMDzUybixFBB5g8NEg6NhFkFMGSKEsMnlmCimM0KyQgrTIwtKm9L+Pop/J+0yiVkm7mqFOvnizpy4BAcgROAQA3UwSVogCYgQIEH8ASenXvn0XlxXuejS85i5wD8gPP2CbBGk0M=</latexit><latexit sha1_base64="aJAFxenyuhlqdux1Q4L2vDOzzhA=">AAAB9XicdVBLSwMxGMz6rPVV9eglWARPZVNru3gqePFYwT6gXUs2m7ah2WRNskpZ+j+8eFDEq//Fm//GbFtBRQdChpnvI5MJYs60cd0PZ2l5ZXVtPbeR39za3tkt7O23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxRea376jSTIprM4mpH+GhYANGsLHSTS+QPNSTyF7p7bRfKLolr1ateGXollwXeejUEnTmVSsIIqtkKIIFGv3Cey+UJImoMIRjrbvIjY2fYmUY4XSa7yWaxpiM8ZB2LRU4otpPZ6mn8NgqIRxIZY8wcKZ+30hxpLNodjLCZqR/e5n4l9dNzMDzUybixFBB5g8NEg6NhFkFMGSKEsMnlmCimM0KyQgrTIwtKm9L+Pop/J+0yiVkm7mqFOvnizpy4BAcgROAQA3UwSVogCYgQIEH8ASenXvn0XlxXuejS85i5wD8gPP2CbBGk0M=</latexit>

q
<latexit sha1_base64="aJAFxenyuhlqdux1Q4L2vDOzzhA=">AAAB9XicdVBLSwMxGMz6rPVV9eglWARPZVNru3gqePFYwT6gXUs2m7ah2WRNskpZ+j+8eFDEq//Fm//GbFtBRQdChpnvI5MJYs60cd0PZ2l5ZXVtPbeR39za3tkt7O23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxRea376jSTIprM4mpH+GhYANGsLHSTS+QPNSTyF7p7bRfKLolr1ateGXollwXeejUEnTmVSsIIqtkKIIFGv3Cey+UJImoMIRjrbvIjY2fYmUY4XSa7yWaxpiM8ZB2LRU4otpPZ6mn8NgqIRxIZY8wcKZ+30hxpLNodjLCZqR/e5n4l9dNzMDzUybixFBB5g8NEg6NhFkFMGSKEsMnlmCimM0KyQgrTIwtKm9L+Pop/J+0yiVkm7mqFOvnizpy4BAcgROAQA3UwSVogCYgQIEH8ASenXvn0XlxXuejS85i5wD8gPP2CbBGk0M=</latexit><latexit sha1_base64="aJAFxenyuhlqdux1Q4L2vDOzzhA=">AAAB9XicdVBLSwMxGMz6rPVV9eglWARPZVNru3gqePFYwT6gXUs2m7ah2WRNskpZ+j+8eFDEq//Fm//GbFtBRQdChpnvI5MJYs60cd0PZ2l5ZXVtPbeR39za3tkt7O23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxRea376jSTIprM4mpH+GhYANGsLHSTS+QPNSTyF7p7bRfKLolr1ateGXollwXeejUEnTmVSsIIqtkKIIFGv3Cey+UJImoMIRjrbvIjY2fYmUY4XSa7yWaxpiM8ZB2LRU4otpPZ6mn8NgqIRxIZY8wcKZ+30hxpLNodjLCZqR/e5n4l9dNzMDzUybixFBB5g8NEg6NhFkFMGSKEsMnlmCimM0KyQgrTIwtKm9L+Pop/J+0yiVkm7mqFOvnizpy4BAcgROAQA3UwSVogCYgQIEH8ASenXvn0XlxXuejS85i5wD8gPP2CbBGk0M=</latexit><latexit sha1_base64="aJAFxenyuhlqdux1Q4L2vDOzzhA=">AAAB9XicdVBLSwMxGMz6rPVV9eglWARPZVNru3gqePFYwT6gXUs2m7ah2WRNskpZ+j+8eFDEq//Fm//GbFtBRQdChpnvI5MJYs60cd0PZ2l5ZXVtPbeR39za3tkt7O23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxRea376jSTIprM4mpH+GhYANGsLHSTS+QPNSTyF7p7bRfKLolr1ateGXollwXeejUEnTmVSsIIqtkKIIFGv3Cey+UJImoMIRjrbvIjY2fYmUY4XSa7yWaxpiM8ZB2LRU4otpPZ6mn8NgqIRxIZY8wcKZ+30hxpLNodjLCZqR/e5n4l9dNzMDzUybixFBB5g8NEg6NhFkFMGSKEsMnlmCimM0KyQgrTIwtKm9L+Pop/J+0yiVkm7mqFOvnizpy4BAcgROAQA3UwSVogCYgQIEH8ASenXvn0XlxXuejS85i5wD8gPP2CbBGk0M=</latexit><latexit sha1_base64="aJAFxenyuhlqdux1Q4L2vDOzzhA=">AAAB9XicdVBLSwMxGMz6rPVV9eglWARPZVNru3gqePFYwT6gXUs2m7ah2WRNskpZ+j+8eFDEq//Fm//GbFtBRQdChpnvI5MJYs60cd0PZ2l5ZXVtPbeR39za3tkt7O23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxRea376jSTIprM4mpH+GhYANGsLHSTS+QPNSTyF7p7bRfKLolr1ateGXollwXeejUEnTmVSsIIqtkKIIFGv3Cey+UJImoMIRjrbvIjY2fYmUY4XSa7yWaxpiM8ZB2LRU4otpPZ6mn8NgqIRxIZY8wcKZ+30hxpLNodjLCZqR/e5n4l9dNzMDzUybixFBB5g8NEg6NhFkFMGSKEsMnlmCimM0KyQgrTIwtKm9L+Pop/J+0yiVkm7mqFOvnizpy4BAcgROAQA3UwSVogCYgQIEH8ASenXvn0XlxXuejS85i5wD8gPP2CbBGk0M=</latexit>



OLEG BRANDT 

l  Results with 80 fb-1: 
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DIJET RESONANCES + LEPTON 

Empirical fit function: 

80 fb-1! 80 fb-1! 

ATLAS-CONF-2018-015 



OLEG BRANDT 

l  Analysis strategy: 
-  Resolved: 𝝉had + e/𝝁/𝝉had + 2 jets 
-  Merged:  2𝝉had + 1 large-R jet 
-  Look for excess in m𝝉𝝉bb distribution: 

17 

HH à 𝝉𝝉𝒃𝒃: MOTIVATION & STRATEGY 

× (1, 2 b-tags)  
× ~merged/resolved 

ev
en

ts
 

m𝝉𝝉bb 1 TeV 

Merged: 
m𝝉𝝉bb > 750 GeV 

resolved 
merged 

Resolved: 

b
<latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit>

b
<latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit>

b
<latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit>

b
<latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit>

2⌧had-tag
<latexit sha1_base64="3C3aedL6IluoVl+fcHjllL8Qsyk=">AAACBHicbVA9SwNBEN2LXzF+RS3THAbBxnAXBMUqYGMZwXxA7jjm9jbJkr0Pduck4Uhh41+xsVDE1h9h579xk1yhiQ8GHu/NMDPPTwRXaFnfRmFtfWNzq7hd2tnd2z8oHx61VZxKylo0FrHs+qCY4BFrIUfBuolkEPqCdfzRzczvPDCpeBzd4yRhbgiDiPc5BdSSV67UHYTUc5CNMRtCMHWGfjzOzhEGU69ctWrWHOYqsXNSJTmaXvnLCWKahixCKkCpnm0l6GYgkVPBpiUnVSwBOoIB62kaQciUm82fmJqnWgnMfix1RWjO1d8TGYRKTUJfd4aAQ7XszcT/vF6K/Ss341GSIovoYlE/FSbG5iwRM+CSURQTTYBKrm816RAkUNS5lXQI9vLLq6Rdr9lWzb67qDau8ziKpEJOyBmxySVpkFvSJC1CySN5Jq/kzXgyXox342PRWjDymWPyB8bnD4F7mJw=</latexit><latexit sha1_base64="3C3aedL6IluoVl+fcHjllL8Qsyk=">AAACBHicbVA9SwNBEN2LXzF+RS3THAbBxnAXBMUqYGMZwXxA7jjm9jbJkr0Pduck4Uhh41+xsVDE1h9h579xk1yhiQ8GHu/NMDPPTwRXaFnfRmFtfWNzq7hd2tnd2z8oHx61VZxKylo0FrHs+qCY4BFrIUfBuolkEPqCdfzRzczvPDCpeBzd4yRhbgiDiPc5BdSSV67UHYTUc5CNMRtCMHWGfjzOzhEGU69ctWrWHOYqsXNSJTmaXvnLCWKahixCKkCpnm0l6GYgkVPBpiUnVSwBOoIB62kaQciUm82fmJqnWgnMfix1RWjO1d8TGYRKTUJfd4aAQ7XszcT/vF6K/Ss341GSIovoYlE/FSbG5iwRM+CSURQTTYBKrm816RAkUNS5lXQI9vLLq6Rdr9lWzb67qDau8ziKpEJOyBmxySVpkFvSJC1CySN5Jq/kzXgyXox342PRWjDymWPyB8bnD4F7mJw=</latexit><latexit sha1_base64="3C3aedL6IluoVl+fcHjllL8Qsyk=">AAACBHicbVA9SwNBEN2LXzF+RS3THAbBxnAXBMUqYGMZwXxA7jjm9jbJkr0Pduck4Uhh41+xsVDE1h9h579xk1yhiQ8GHu/NMDPPTwRXaFnfRmFtfWNzq7hd2tnd2z8oHx61VZxKylo0FrHs+qCY4BFrIUfBuolkEPqCdfzRzczvPDCpeBzd4yRhbgiDiPc5BdSSV67UHYTUc5CNMRtCMHWGfjzOzhEGU69ctWrWHOYqsXNSJTmaXvnLCWKahixCKkCpnm0l6GYgkVPBpiUnVSwBOoIB62kaQciUm82fmJqnWgnMfix1RWjO1d8TGYRKTUJfd4aAQ7XszcT/vF6K/Ss341GSIovoYlE/FSbG5iwRM+CSURQTTYBKrm816RAkUNS5lXQI9vLLq6Rdr9lWzb67qDau8ziKpEJOyBmxySVpkFvSJC1CySN5Jq/kzXgyXox342PRWjDymWPyB8bnD4F7mJw=</latexit><latexit sha1_base64="3C3aedL6IluoVl+fcHjllL8Qsyk=">AAACBHicbVA9SwNBEN2LXzF+RS3THAbBxnAXBMUqYGMZwXxA7jjm9jbJkr0Pduck4Uhh41+xsVDE1h9h579xk1yhiQ8GHu/NMDPPTwRXaFnfRmFtfWNzq7hd2tnd2z8oHx61VZxKylo0FrHs+qCY4BFrIUfBuolkEPqCdfzRzczvPDCpeBzd4yRhbgiDiPc5BdSSV67UHYTUc5CNMRtCMHWGfjzOzhEGU69ctWrWHOYqsXNSJTmaXvnLCWKahixCKkCpnm0l6GYgkVPBpiUnVSwBOoIB62kaQciUm82fmJqnWgnMfix1RWjO1d8TGYRKTUJfd4aAQ7XszcT/vF6K/Ss341GSIovoYlE/FSbG5iwRM+CSURQTTYBKrm816RAkUNS5lXQI9vLLq6Rdr9lWzb67qDau8ziKpEJOyBmxySVpkFvSJC1CySN5Jq/kzXgyXox342PRWjDymWPyB8bnD4F7mJw=</latexit>

⌧had
<latexit sha1_base64="2G4GByNIy6ls09n07Sr8s4FpKNI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQfFU8OKxgv2AJoTNZtMu3WzC7qxYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF+WcKXDdb6uytr6xuVXdru3s7u3X7YPDrsq0JLRDMp7JfoQV5UzQDjDgtJ9LitOI0140vpn5vQcqFcvEPUxyGqR4KFjCCAYjhXbdB6xDH+gjFCMcT0O74TbdOZxV4pWkgUq0Q/vLjzOiUyqAcKzUwHNzCAosgRFOpzVfK5pjMsZDOjBU4JSqoJgfPnVOjRI7SSZNCXDm6u+JAqdKTdLIdKYYRmrZm4n/eQMNyVVQMJFroIIsFiWaO5A5sxScmElKgE8MwUQyc6tDRlhiAiarmgnBW355lXTPm57b9O4uGq3rMo4qOkYn6Ax56BK10C1qow4iSKNn9IrerCfrxXq3PhatFaucOUJ/YH3+AGBmk4Q=</latexit><latexit sha1_base64="2G4GByNIy6ls09n07Sr8s4FpKNI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQfFU8OKxgv2AJoTNZtMu3WzC7qxYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF+WcKXDdb6uytr6xuVXdru3s7u3X7YPDrsq0JLRDMp7JfoQV5UzQDjDgtJ9LitOI0140vpn5vQcqFcvEPUxyGqR4KFjCCAYjhXbdB6xDH+gjFCMcT0O74TbdOZxV4pWkgUq0Q/vLjzOiUyqAcKzUwHNzCAosgRFOpzVfK5pjMsZDOjBU4JSqoJgfPnVOjRI7SSZNCXDm6u+JAqdKTdLIdKYYRmrZm4n/eQMNyVVQMJFroIIsFiWaO5A5sxScmElKgE8MwUQyc6tDRlhiAiarmgnBW355lXTPm57b9O4uGq3rMo4qOkYn6Ax56BK10C1qow4iSKNn9IrerCfrxXq3PhatFaucOUJ/YH3+AGBmk4Q=</latexit><latexit sha1_base64="2G4GByNIy6ls09n07Sr8s4FpKNI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQfFU8OKxgv2AJoTNZtMu3WzC7qxYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF+WcKXDdb6uytr6xuVXdru3s7u3X7YPDrsq0JLRDMp7JfoQV5UzQDjDgtJ9LitOI0140vpn5vQcqFcvEPUxyGqR4KFjCCAYjhXbdB6xDH+gjFCMcT0O74TbdOZxV4pWkgUq0Q/vLjzOiUyqAcKzUwHNzCAosgRFOpzVfK5pjMsZDOjBU4JSqoJgfPnVOjRI7SSZNCXDm6u+JAqdKTdLIdKYYRmrZm4n/eQMNyVVQMJFroIIsFiWaO5A5sxScmElKgE8MwUQyc6tDRlhiAiarmgnBW355lXTPm57b9O4uGq3rMo4qOkYn6Ax56BK10C1qow4iSKNn9IrerCfrxXq3PhatFaucOUJ/YH3+AGBmk4Q=</latexit><latexit sha1_base64="2G4GByNIy6ls09n07Sr8s4FpKNI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQfFU8OKxgv2AJoTNZtMu3WzC7qxYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF+WcKXDdb6uytr6xuVXdru3s7u3X7YPDrsq0JLRDMp7JfoQV5UzQDjDgtJ9LitOI0140vpn5vQcqFcvEPUxyGqR4KFjCCAYjhXbdB6xDH+gjFCMcT0O74TbdOZxV4pWkgUq0Q/vLjzOiUyqAcKzUwHNzCAosgRFOpzVfK5pjMsZDOjBU4JSqoJgfPnVOjRI7SSZNCXDm6u+JAqdKTdLIdKYYRmrZm4n/eQMNyVVQMJFroIIsFiWaO5A5sxScmElKgE8MwUQyc6tDRlhiAiarmgnBW355lXTPm57b9O4uGq3rMo4qOkYn6Ax56BK10C1qow4iSKNn9IrerCfrxXq3PhatFaucOUJ/YH3+AGBmk4Q=</latexit>

e/µ/⌧had
<latexit sha1_base64="AhVJzy4QofI3xGJrFf+VbvUPvQc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AIntpEBMVTwYvHCvYDmhA2m2m7dPPB7kQsoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JUcIW2/W2UVlbX1jfKm5Wt7Z3dPXP/oK2STDJosUQkshtQBYLH0EKOArqpBBoFAjrB6Gbqdx5AKp7E9zhOwYvoIOZ9zihqyTePoO5GWd1FmvkuwiPmQxpOfLNq1+wZrGXiFKRKCjR988sNE5ZFECMTVKmeY6fo5VQiZwImFTdTkFI2ogPoaRrTCJSXz86fWKdaCa1+InXFaM3U3xM5jZQaR4HujCgO1aI3Ff/zehn2r7ycx2mGELP5on4mLEysaRZWyCUwFGNNKJNc32qxIZWUoU6sokNwFl9eJu3zmmPXnLuLauO6iKNMjskJOSMOuSQNckuapEUYyckzeSVvxpPxYrwbH/PWklHMHJI/MD5/AGwllcE=</latexit><latexit sha1_base64="AhVJzy4QofI3xGJrFf+VbvUPvQc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AIntpEBMVTwYvHCvYDmhA2m2m7dPPB7kQsoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JUcIW2/W2UVlbX1jfKm5Wt7Z3dPXP/oK2STDJosUQkshtQBYLH0EKOArqpBBoFAjrB6Gbqdx5AKp7E9zhOwYvoIOZ9zihqyTePoO5GWd1FmvkuwiPmQxpOfLNq1+wZrGXiFKRKCjR988sNE5ZFECMTVKmeY6fo5VQiZwImFTdTkFI2ogPoaRrTCJSXz86fWKdaCa1+InXFaM3U3xM5jZQaR4HujCgO1aI3Ff/zehn2r7ycx2mGELP5on4mLEysaRZWyCUwFGNNKJNc32qxIZWUoU6sokNwFl9eJu3zmmPXnLuLauO6iKNMjskJOSMOuSQNckuapEUYyckzeSVvxpPxYrwbH/PWklHMHJI/MD5/AGwllcE=</latexit><latexit sha1_base64="AhVJzy4QofI3xGJrFf+VbvUPvQc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AIntpEBMVTwYvHCvYDmhA2m2m7dPPB7kQsoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JUcIW2/W2UVlbX1jfKm5Wt7Z3dPXP/oK2STDJosUQkshtQBYLH0EKOArqpBBoFAjrB6Gbqdx5AKp7E9zhOwYvoIOZ9zihqyTePoO5GWd1FmvkuwiPmQxpOfLNq1+wZrGXiFKRKCjR988sNE5ZFECMTVKmeY6fo5VQiZwImFTdTkFI2ogPoaRrTCJSXz86fWKdaCa1+InXFaM3U3xM5jZQaR4HujCgO1aI3Ff/zehn2r7ycx2mGELP5on4mLEysaRZWyCUwFGNNKJNc32qxIZWUoU6sokNwFl9eJu3zmmPXnLuLauO6iKNMjskJOSMOuSQNckuapEUYyckzeSVvxpPxYrwbH/PWklHMHJI/MD5/AGwllcE=</latexit><latexit sha1_base64="AhVJzy4QofI3xGJrFf+VbvUPvQc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AIntpEBMVTwYvHCvYDmhA2m2m7dPPB7kQsoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JUcIW2/W2UVlbX1jfKm5Wt7Z3dPXP/oK2STDJosUQkshtQBYLH0EKOArqpBBoFAjrB6Gbqdx5AKp7E9zhOwYvoIOZ9zihqyTePoO5GWd1FmvkuwiPmQxpOfLNq1+wZrGXiFKRKCjR988sNE5ZFECMTVKmeY6fo5VQiZwImFTdTkFI2ogPoaRrTCJSXz86fWKdaCa1+InXFaM3U3xM5jZQaR4HujCgO1aI3Ff/zehn2r7ycx2mGELP5on4mLEysaRZWyCUwFGNNKJNc32qxIZWUoU6sokNwFl9eJu3zmmPXnLuLauO6iKNMjskJOSMOuSQNckuapEUYyckzeSVvxpPxYrwbH/PWklHMHJI/MD5/AGwllcE=</latexit>

⌧had
<latexit sha1_base64="2G4GByNIy6ls09n07Sr8s4FpKNI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQfFU8OKxgv2AJoTNZtMu3WzC7qxYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF+WcKXDdb6uytr6xuVXdru3s7u3X7YPDrsq0JLRDMp7JfoQV5UzQDjDgtJ9LitOI0140vpn5vQcqFcvEPUxyGqR4KFjCCAYjhXbdB6xDH+gjFCMcT0O74TbdOZxV4pWkgUq0Q/vLjzOiUyqAcKzUwHNzCAosgRFOpzVfK5pjMsZDOjBU4JSqoJgfPnVOjRI7SSZNCXDm6u+JAqdKTdLIdKYYRmrZm4n/eQMNyVVQMJFroIIsFiWaO5A5sxScmElKgE8MwUQyc6tDRlhiAiarmgnBW355lXTPm57b9O4uGq3rMo4qOkYn6Ax56BK10C1qow4iSKNn9IrerCfrxXq3PhatFaucOUJ/YH3+AGBmk4Q=</latexit><latexit sha1_base64="2G4GByNIy6ls09n07Sr8s4FpKNI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQfFU8OKxgv2AJoTNZtMu3WzC7qxYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF+WcKXDdb6uytr6xuVXdru3s7u3X7YPDrsq0JLRDMp7JfoQV5UzQDjDgtJ9LitOI0140vpn5vQcqFcvEPUxyGqR4KFjCCAYjhXbdB6xDH+gjFCMcT0O74TbdOZxV4pWkgUq0Q/vLjzOiUyqAcKzUwHNzCAosgRFOpzVfK5pjMsZDOjBU4JSqoJgfPnVOjRI7SSZNCXDm6u+JAqdKTdLIdKYYRmrZm4n/eQMNyVVQMJFroIIsFiWaO5A5sxScmElKgE8MwUQyc6tDRlhiAiarmgnBW355lXTPm57b9O4uGq3rMo4qOkYn6Ax56BK10C1qow4iSKNn9IrerCfrxXq3PhatFaucOUJ/YH3+AGBmk4Q=</latexit><latexit sha1_base64="2G4GByNIy6ls09n07Sr8s4FpKNI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQfFU8OKxgv2AJoTNZtMu3WzC7qxYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF+WcKXDdb6uytr6xuVXdru3s7u3X7YPDrsq0JLRDMp7JfoQV5UzQDjDgtJ9LitOI0140vpn5vQcqFcvEPUxyGqR4KFjCCAYjhXbdB6xDH+gjFCMcT0O74TbdOZxV4pWkgUq0Q/vLjzOiUyqAcKzUwHNzCAosgRFOpzVfK5pjMsZDOjBU4JSqoJgfPnVOjRI7SSZNCXDm6u+JAqdKTdLIdKYYRmrZm4n/eQMNyVVQMJFroIIsFiWaO5A5sxScmElKgE8MwUQyc6tDRlhiAiarmgnBW355lXTPm57b9O4uGq3rMo4qOkYn6Ax56BK10C1qow4iSKNn9IrerCfrxXq3PhatFaucOUJ/YH3+AGBmk4Q=</latexit><latexit sha1_base64="2G4GByNIy6ls09n07Sr8s4FpKNI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQfFU8OKxgv2AJoTNZtMu3WzC7qxYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF+WcKXDdb6uytr6xuVXdru3s7u3X7YPDrsq0JLRDMp7JfoQV5UzQDjDgtJ9LitOI0140vpn5vQcqFcvEPUxyGqR4KFjCCAYjhXbdB6xDH+gjFCMcT0O74TbdOZxV4pWkgUq0Q/vLjzOiUyqAcKzUwHNzCAosgRFOpzVfK5pjMsZDOjBU4JSqoJgfPnVOjRI7SSZNCXDm6u+JAqdKTdLIdKYYRmrZm4n/eQMNyVVQMJFroIIsFiWaO5A5sxScmElKgE8MwUQyc6tDRlhiAiarmgnBW355lXTPm57b9O4uGq3rMo4qOkYn6Ax56BK10C1qow4iSKNn9IrerCfrxXq3PhatFaucOUJ/YH3+AGBmk4Q=</latexit>

⌧had
<latexit sha1_base64="2G4GByNIy6ls09n07Sr8s4FpKNI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQfFU8OKxgv2AJoTNZtMu3WzC7qxYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF+WcKXDdb6uytr6xuVXdru3s7u3X7YPDrsq0JLRDMp7JfoQV5UzQDjDgtJ9LitOI0140vpn5vQcqFcvEPUxyGqR4KFjCCAYjhXbdB6xDH+gjFCMcT0O74TbdOZxV4pWkgUq0Q/vLjzOiUyqAcKzUwHNzCAosgRFOpzVfK5pjMsZDOjBU4JSqoJgfPnVOjRI7SSZNCXDm6u+JAqdKTdLIdKYYRmrZm4n/eQMNyVVQMJFroIIsFiWaO5A5sxScmElKgE8MwUQyc6tDRlhiAiarmgnBW355lXTPm57b9O4uGq3rMo4qOkYn6Ax56BK10C1qow4iSKNn9IrerCfrxXq3PhatFaucOUJ/YH3+AGBmk4Q=</latexit><latexit sha1_base64="2G4GByNIy6ls09n07Sr8s4FpKNI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQfFU8OKxgv2AJoTNZtMu3WzC7qxYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF+WcKXDdb6uytr6xuVXdru3s7u3X7YPDrsq0JLRDMp7JfoQV5UzQDjDgtJ9LitOI0140vpn5vQcqFcvEPUxyGqR4KFjCCAYjhXbdB6xDH+gjFCMcT0O74TbdOZxV4pWkgUq0Q/vLjzOiUyqAcKzUwHNzCAosgRFOpzVfK5pjMsZDOjBU4JSqoJgfPnVOjRI7SSZNCXDm6u+JAqdKTdLIdKYYRmrZm4n/eQMNyVVQMJFroIIsFiWaO5A5sxScmElKgE8MwUQyc6tDRlhiAiarmgnBW355lXTPm57b9O4uGq3rMo4qOkYn6Ax56BK10C1qow4iSKNn9IrerCfrxXq3PhatFaucOUJ/YH3+AGBmk4Q=</latexit><latexit sha1_base64="2G4GByNIy6ls09n07Sr8s4FpKNI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQfFU8OKxgv2AJoTNZtMu3WzC7qxYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF+WcKXDdb6uytr6xuVXdru3s7u3X7YPDrsq0JLRDMp7JfoQV5UzQDjDgtJ9LitOI0140vpn5vQcqFcvEPUxyGqR4KFjCCAYjhXbdB6xDH+gjFCMcT0O74TbdOZxV4pWkgUq0Q/vLjzOiUyqAcKzUwHNzCAosgRFOpzVfK5pjMsZDOjBU4JSqoJgfPnVOjRI7SSZNCXDm6u+JAqdKTdLIdKYYRmrZm4n/eQMNyVVQMJFroIIsFiWaO5A5sxScmElKgE8MwUQyc6tDRlhiAiarmgnBW355lXTPm57b9O4uGq3rMo4qOkYn6Ax56BK10C1qow4iSKNn9IrerCfrxXq3PhatFaucOUJ/YH3+AGBmk4Q=</latexit><latexit sha1_base64="2G4GByNIy6ls09n07Sr8s4FpKNI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQfFU8OKxgv2AJoTNZtMu3WzC7qxYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF+WcKXDdb6uytr6xuVXdru3s7u3X7YPDrsq0JLRDMp7JfoQV5UzQDjDgtJ9LitOI0140vpn5vQcqFcvEPUxyGqR4KFjCCAYjhXbdB6xDH+gjFCMcT0O74TbdOZxV4pWkgUq0Q/vLjzOiUyqAcKzUwHNzCAosgRFOpzVfK5pjMsZDOjBU4JSqoJgfPnVOjRI7SSZNCXDm6u+JAqdKTdLIdKYYRmrZm4n/eQMNyVVQMJFroIIsFiWaO5A5sxScmElKgE8MwUQyc6tDRlhiAiarmgnBW355lXTPm57b9O4uGq3rMo4qOkYn6Ax56BK10C1qow4iSKNn9IrerCfrxXq3PhatFaucOUJ/YH3+AGBmk4Q=</latexit>



OLEG BRANDT 

l  Main backgrounds: 
-  Top production 

l  BDT in  
-  Z(𝝉𝝉)+jets (esp. merged) 

l  Reconstruct mHH with kinematic fit (resolved) 
l  Results: 
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HH à 𝝉𝝉𝒃𝒃: RESULTS 

e/µ+ ⌧had
<latexit sha1_base64="fUdnWyUUWKLBGYbvKVnENK9PKIY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCINREBMVVwY3LCvYBTQiTyU07dPJg5kYsoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu99wSZ4Apt+9soLS2vrK6V1ysbm1vbO+buXkuluWTQZKlIZSegCgRPoIkcBXQyCTQOBLSDwc3Ybz+AVDxN7nGYgRfTXsIjzihqyTcP4MyN81MXae67CI9Y9Gk48s2qXbMnsBaJMyNVMkPDN7/cMGV5DAkyQZXqOnaGXkElciZgVHFzBRllA9qDrqYJjUF5xeT8kXWsldCKUqkrQWui/p4oaKzUMA50Z0yxr+a9sfif180xuvIKnmQ5QsKmi6JcWJha4yyskEtgKIaaUCa5vtVifSopQ51YRYfgzL+8SFrnNceuOXcX1fr1LI4yOSRH5IQ45JLUyS1pkCZhpCDP5JW8GU/Gi/FufExbS8ZsZp/8gfH5A2XZlb0=</latexit><latexit sha1_base64="fUdnWyUUWKLBGYbvKVnENK9PKIY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCINREBMVVwY3LCvYBTQiTyU07dPJg5kYsoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu99wSZ4Apt+9soLS2vrK6V1ysbm1vbO+buXkuluWTQZKlIZSegCgRPoIkcBXQyCTQOBLSDwc3Ybz+AVDxN7nGYgRfTXsIjzihqyTcP4MyN81MXae67CI9Y9Gk48s2qXbMnsBaJMyNVMkPDN7/cMGV5DAkyQZXqOnaGXkElciZgVHFzBRllA9qDrqYJjUF5xeT8kXWsldCKUqkrQWui/p4oaKzUMA50Z0yxr+a9sfif180xuvIKnmQ5QsKmi6JcWJha4yyskEtgKIaaUCa5vtVifSopQ51YRYfgzL+8SFrnNceuOXcX1fr1LI4yOSRH5IQ45JLUyS1pkCZhpCDP5JW8GU/Gi/FufExbS8ZsZp/8gfH5A2XZlb0=</latexit><latexit sha1_base64="fUdnWyUUWKLBGYbvKVnENK9PKIY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCINREBMVVwY3LCvYBTQiTyU07dPJg5kYsoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu99wSZ4Apt+9soLS2vrK6V1ysbm1vbO+buXkuluWTQZKlIZSegCgRPoIkcBXQyCTQOBLSDwc3Ybz+AVDxN7nGYgRfTXsIjzihqyTcP4MyN81MXae67CI9Y9Gk48s2qXbMnsBaJMyNVMkPDN7/cMGV5DAkyQZXqOnaGXkElciZgVHFzBRllA9qDrqYJjUF5xeT8kXWsldCKUqkrQWui/p4oaKzUMA50Z0yxr+a9sfif180xuvIKnmQ5QsKmi6JcWJha4yyskEtgKIaaUCa5vtVifSopQ51YRYfgzL+8SFrnNceuOXcX1fr1LI4yOSRH5IQ45JLUyS1pkCZhpCDP5JW8GU/Gi/FufExbS8ZsZp/8gfH5A2XZlb0=</latexit><latexit sha1_base64="fUdnWyUUWKLBGYbvKVnENK9PKIY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCINREBMVVwY3LCvYBTQiTyU07dPJg5kYsoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu99wSZ4Apt+9soLS2vrK6V1ysbm1vbO+buXkuluWTQZKlIZSegCgRPoIkcBXQyCTQOBLSDwc3Ybz+AVDxN7nGYgRfTXsIjzihqyTcP4MyN81MXae67CI9Y9Gk48s2qXbMnsBaJMyNVMkPDN7/cMGV5DAkyQZXqOnaGXkElciZgVHFzBRllA9qDrqYJjUF5xeT8kXWsldCKUqkrQWui/p4oaKzUMA50Z0yxr+a9sfif180xuvIKnmQ5QsKmi6JcWJha4yyskEtgKIaaUCa5vtVifSopQ51YRYfgzL+8SFrnNceuOXcX1fr1LI4yOSRH5IQ45JLUyS1pkCZhpCDP5JW8GU/Gi/FufExbS8ZsZp/8gfH5A2XZlb0=</latexit>

[1] PLB 778 (2018) 101 
[2] CMS-PAS-B2G-17-006 

[1] 

[1] [2] 

[2] 



OLEG BRANDT 

l  Non-resonant production (best limits only): 
-  ATLAS:  13 (21) in HH à 4b  [1804.06174] 
-  CMS:   19 (17) in HH à yybb [HIG-17-008] 
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HH OVERVIEW 

ATLAS’ most sensitive result: CMS overview: 

Axes aligned, but ATLAS includes BR(Hàbb) 

1804.06174 



OLEG BRANDT 

l  Analysis strategy: 
-  Merged only: y + 1 large-R jet 
-  2 b-tags 
-  93 < mJ/GeV < 134 
-  Look for excess in mJy distribution: 

l  Search also for Vy resonance (not shown) 
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H𝜸 à 𝒃𝒃𝜸: MOTIVATION & STRATEGY 

ev
en

ts
 

mJy 1 TeV 

Merged: 
mJy > 1 TeV 

merged 

b
<latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit>

b
<latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit><latexit sha1_base64="PWzQMtLM/Q2kAnzTJSZcK+g9KU0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHwnmM3g==</latexit>

�
<latexit sha1_base64="HGTP5TtPP0MUlCR/ELzd3E7vj58=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoHgKePEYwTwgWULvZDYZM49lZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090Vp5wZGwTfXmFtfWNzq7hd2tnd2z8oHx41jco0oQ2iuNLtGA3lTNKGZZbTdqopipjTVjy6nfmtJ6oNU/LBjlMaCRxIljCC1knN7gCFwF65ElSDOfxVEuakAjnqvfJXt69IJqi0hKMxnTBIbTRBbRnhdFrqZoamSEY4oB1HJQpqosn82ql/5pS+nyjtSlp/rv6emKAwZixi1ynQDs2yNxP/8zqZTa6jCZNpZqkki0VJxn2r/Nnrfp9pSiwfO4JEM3erT4aokVgXUMmFEC6/vEqaF9UwqIb3l5XaTR5HEU7gFM4hhCuowR3UoQEEHuEZXuHNU96L9+59LFoLXj5zDH/gff4AhIOPDQ==</latexit><latexit sha1_base64="HGTP5TtPP0MUlCR/ELzd3E7vj58=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoHgKePEYwTwgWULvZDYZM49lZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090Vp5wZGwTfXmFtfWNzq7hd2tnd2z8oHx41jco0oQ2iuNLtGA3lTNKGZZbTdqopipjTVjy6nfmtJ6oNU/LBjlMaCRxIljCC1knN7gCFwF65ElSDOfxVEuakAjnqvfJXt69IJqi0hKMxnTBIbTRBbRnhdFrqZoamSEY4oB1HJQpqosn82ql/5pS+nyjtSlp/rv6emKAwZixi1ynQDs2yNxP/8zqZTa6jCZNpZqkki0VJxn2r/Nnrfp9pSiwfO4JEM3erT4aokVgXUMmFEC6/vEqaF9UwqIb3l5XaTR5HEU7gFM4hhCuowR3UoQEEHuEZXuHNU96L9+59LFoLXj5zDH/gff4AhIOPDQ==</latexit><latexit sha1_base64="HGTP5TtPP0MUlCR/ELzd3E7vj58=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoHgKePEYwTwgWULvZDYZM49lZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090Vp5wZGwTfXmFtfWNzq7hd2tnd2z8oHx41jco0oQ2iuNLtGA3lTNKGZZbTdqopipjTVjy6nfmtJ6oNU/LBjlMaCRxIljCC1knN7gCFwF65ElSDOfxVEuakAjnqvfJXt69IJqi0hKMxnTBIbTRBbRnhdFrqZoamSEY4oB1HJQpqosn82ql/5pS+nyjtSlp/rv6emKAwZixi1ynQDs2yNxP/8zqZTa6jCZNpZqkki0VJxn2r/Nnrfp9pSiwfO4JEM3erT4aokVgXUMmFEC6/vEqaF9UwqIb3l5XaTR5HEU7gFM4hhCuowR3UoQEEHuEZXuHNU96L9+59LFoLXj5zDH/gff4AhIOPDQ==</latexit><latexit sha1_base64="HGTP5TtPP0MUlCR/ELzd3E7vj58=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoHgKePEYwTwgWULvZDYZM49lZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090Vp5wZGwTfXmFtfWNzq7hd2tnd2z8oHx41jco0oQ2iuNLtGA3lTNKGZZbTdqopipjTVjy6nfmtJ6oNU/LBjlMaCRxIljCC1knN7gCFwF65ElSDOfxVEuakAjnqvfJXt69IJqi0hKMxnTBIbTRBbRnhdFrqZoamSEY4oB1HJQpqosn82ql/5pS+nyjtSlp/rv6emKAwZixi1ynQDs2yNxP/8zqZTa6jCZNpZqkki0VJxn2r/Nnrfp9pSiwfO4JEM3erT4aokVgXUMmFEC6/vEqaF9UwqIb3l5XaTR5HEU7gFM4hhCuowR3UoQEEHuEZXuHNU96L9+59LFoLXj5zDH/gff4AhIOPDQ==</latexit>

mJ mJy = 1 TeV 

1805.01908 

Using  
combined mass 



OLEG BRANDT 

l  Main background: 
-  y + jets, parametric fit: 
-    

l  Results: 
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H𝜸 à 𝒃𝒃𝜸: MOTIVATION & STRATEGY 

New! 

First! 

1805.01908 



OLEG BRANDT 

l  Analysis strategy: 
-  Look for a a resonance in mℓv 

-  Backgrounds: 
l  W+jets (dominant), Z+jets, tt, … 

-  Challenge: 
l  𝝁 momentum at high pT 

l  Modelling of W+jets and Z+jets 
-  Normalise to NNLO in mT,ℓ𝝼  
-  Correct for EW at NLO 

22 

W’ à ℓ𝝼 RESONANCES 

p
<latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit>

p
<latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit>

ev
en

ts
 

mT,ℓv 
1 TeV 

` = e, µ
<latexit sha1_base64="UrbzB/WPB/5xHHNDhdjU0cdD638=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBEUQCl48VrAf2ISy2U7bpZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeWEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTukGgWX2DDcCGwnCmkUCmyFo9up33pCpXksH8w4wSCiA8n7nFFjpUcfhbjBMz9Ku+WKW3VnIMvEy0kFctS75S+/F7M0QmmYoFp3PDcxQUaV4UzgpOSnGhPKRnSAHUsljVAH2eziCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif10lN/yrIuExSg5LNF/VTQUxMpu+THlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVz236t1fVGrXeRxFOIJjOAUPLqEGd1CHBjCQ8Ayv8OZo58V5dz7mrQUnnzmEP3A+fwARCJB7</latexit><latexit sha1_base64="UrbzB/WPB/5xHHNDhdjU0cdD638=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBEUQCl48VrAf2ISy2U7bpZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeWEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTukGgWX2DDcCGwnCmkUCmyFo9up33pCpXksH8w4wSCiA8n7nFFjpUcfhbjBMz9Ku+WKW3VnIMvEy0kFctS75S+/F7M0QmmYoFp3PDcxQUaV4UzgpOSnGhPKRnSAHUsljVAH2eziCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif10lN/yrIuExSg5LNF/VTQUxMpu+THlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVz236t1fVGrXeRxFOIJjOAUPLqEGd1CHBjCQ8Ayv8OZo58V5dz7mrQUnnzmEP3A+fwARCJB7</latexit><latexit sha1_base64="UrbzB/WPB/5xHHNDhdjU0cdD638=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBEUQCl48VrAf2ISy2U7bpZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeWEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTukGgWX2DDcCGwnCmkUCmyFo9up33pCpXksH8w4wSCiA8n7nFFjpUcfhbjBMz9Ku+WKW3VnIMvEy0kFctS75S+/F7M0QmmYoFp3PDcxQUaV4UzgpOSnGhPKRnSAHUsljVAH2eziCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif10lN/yrIuExSg5LNF/VTQUxMpu+THlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVz236t1fVGrXeRxFOIJjOAUPLqEGd1CHBjCQ8Ayv8OZo58V5dz7mrQUnnzmEP3A+fwARCJB7</latexit><latexit sha1_base64="UrbzB/WPB/5xHHNDhdjU0cdD638=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBEUQCl48VrAf2ISy2U7bpZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeWEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTukGgWX2DDcCGwnCmkUCmyFo9up33pCpXksH8w4wSCiA8n7nFFjpUcfhbjBMz9Ku+WKW3VnIMvEy0kFctS75S+/F7M0QmmYoFp3PDcxQUaV4UzgpOSnGhPKRnSAHUsljVAH2eziCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif10lN/yrIuExSg5LNF/VTQUxMpu+THlfIjBhbQpni9lbChlRRZmxIJRuCt/jyMmmeVz236t1fVGrXeRxFOIJjOAUPLqEGd1CHBjCQ8Ayv8OZo58V5dz7mrQUnnzmEP3A+fwARCJB7</latexit>

MET 
⌫

<latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit><latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit><latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit><latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit>

q
<latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit>

q
<latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit><latexit sha1_base64="PkVn6OFcpzsuIiBNZ0hkRoUbCJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhswX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f2TWM7Q==</latexit>

W 0
<latexit sha1_base64="hQw1gE1uTm4aKsPZmwdAWwJzh2c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoHgqePFYxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD+3zfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzSKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G0y4AqZERNLKFPc3krYiCrKjA2nZEPwll9eJa3LqudWvftapX6Tx1GEEziFC/DgCupwBw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPxIzjQQ=</latexit><latexit sha1_base64="hQw1gE1uTm4aKsPZmwdAWwJzh2c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoHgqePFYxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD+3zfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzSKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G0y4AqZERNLKFPc3krYiCrKjA2nZEPwll9eJa3LqudWvftapX6Tx1GEEziFC/DgCupwBw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPxIzjQQ=</latexit><latexit sha1_base64="hQw1gE1uTm4aKsPZmwdAWwJzh2c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoHgqePFYxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD+3zfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzSKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G0y4AqZERNLKFPc3krYiCrKjA2nZEPwll9eJa3LqudWvftapX6Tx1GEEziFC/DgCupwBw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPxIzjQQ=</latexit><latexit sha1_base64="hQw1gE1uTm4aKsPZmwdAWwJzh2c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoHgqePFYxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD+3zfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzSKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G0y4AqZERNLKFPc3krYiCrKjA2nZEPwll9eJa3LqudWvftapX6Tx1GEEziFC/DgCupwBw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPxIzjQQ=</latexit>

`
<latexit sha1_base64="8u+BHw55cb9fq8eFS6yTgL0lVSE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNpYRTAwkR9jbTJIlu3vH7p4QjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYngxvr+t1daW9/Y3CpvV3Z29/YPqodHbROnmmGLxSLWnYgaFFxhy3IrsJNopDIS+BhNbnP/8Qm14bF6sNMEQ0lHig85ozaXeihEv1rz6/4cZJUEBalBgWa/+tUbxCyVqCwT1Jhu4Cc2zKi2nAmcVXqpwYSyCR1h11FFJZowm986I2dOGZBhrF0pS+bq74mMSmOmMnKdktqxWfZy8T+vm9rhdZhxlaQWFVssGqaC2Jjkj5MB18ismDpCmebuVsLGVFNmXTwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQr+jjM=</latexit><latexit sha1_base64="8u+BHw55cb9fq8eFS6yTgL0lVSE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNpYRTAwkR9jbTJIlu3vH7p4QjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYngxvr+t1daW9/Y3CpvV3Z29/YPqodHbROnmmGLxSLWnYgaFFxhy3IrsJNopDIS+BhNbnP/8Qm14bF6sNMEQ0lHig85ozaXeihEv1rz6/4cZJUEBalBgWa/+tUbxCyVqCwT1Jhu4Cc2zKi2nAmcVXqpwYSyCR1h11FFJZowm986I2dOGZBhrF0pS+bq74mMSmOmMnKdktqxWfZy8T+vm9rhdZhxlaQWFVssGqaC2Jjkj5MB18ismDpCmebuVsLGVFNmXTwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQr+jjM=</latexit><latexit sha1_base64="8u+BHw55cb9fq8eFS6yTgL0lVSE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNpYRTAwkR9jbTJIlu3vH7p4QjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYngxvr+t1daW9/Y3CpvV3Z29/YPqodHbROnmmGLxSLWnYgaFFxhy3IrsJNopDIS+BhNbnP/8Qm14bF6sNMEQ0lHig85ozaXeihEv1rz6/4cZJUEBalBgWa/+tUbxCyVqCwT1Jhu4Cc2zKi2nAmcVXqpwYSyCR1h11FFJZowm986I2dOGZBhrF0pS+bq74mMSmOmMnKdktqxWfZy8T+vm9rhdZhxlaQWFVssGqaC2Jjkj5MB18ismDpCmebuVsLGVFNmXTwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQr+jjM=</latexit><latexit sha1_base64="8u+BHw55cb9fq8eFS6yTgL0lVSE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNpYRTAwkR9jbTJIlu3vH7p4QjvwFGwtFbP1Ddv4b95IrNPHBwOO9GWbmRYngxvr+t1daW9/Y3CpvV3Z29/YPqodHbROnmmGLxSLWnYgaFFxhy3IrsJNopDIS+BhNbnP/8Qm14bF6sNMEQ0lHig85ozaXeihEv1rz6/4cZJUEBalBgWa/+tUbxCyVqCwT1Jhu4Cc2zKi2nAmcVXqpwYSyCR1h11FFJZowm986I2dOGZBhrF0pS+bq74mMSmOmMnKdktqxWfZy8T+vm9rhdZhxlaQWFVssGqaC2Jjkj5MB18ismDpCmebuVsLGVFNmXTwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQr+jjM=</latexit>

⌫
<latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit><latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit><latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit><latexit sha1_base64="TdUpkfQPa43kHluIi/HA/Uhcx3s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB9WaW3dzkFXiFaQGBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s/zUGTmzypCEsbIlDcnV3xMZjbSeRoHtjKgZ62VvLv7n9VITXvsZl0lqULLFojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnCeXHenY9Fa8kpZo7hD5zPH1x7jc8=</latexit>

mT,`⌫
<latexit sha1_base64="51eUnz65zP9IsURE09aT+FFO2N0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgQUoiguKp4MVjhbYWmlA222m7dHcTdzeFEvo7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMvCjhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVFFs0pjHqh0RjZxJbBpmOLYThUREHB+j0d3Mfxyj0iyWDTNJMBRkIFmfUWKsFIpu1rgIkPNAptNuueJVvTncVeLnpAI56t3yV9CLaSpQGsqJ1h3fS0yYEWUY5TgtBanGhNARGWDHUkkE6jCbHz11z6zSc/uxsiWNO1d/T2REaD0Rke0UxAz1sjcT//M6qenfhBmTSWpQ0sWifspdE7uzBNweU0gNn1hCqGL2VpcOiSLU2JxKNgR/+eVV0rqs+l7Vf7iq1G7zOIpwAqdwDj5cQw3uoQ5NoPAEz/AKb87YeXHenY9Fa8HJZ47hD5zPH8WCkhA=</latexit><latexit sha1_base64="51eUnz65zP9IsURE09aT+FFO2N0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgQUoiguKp4MVjhbYWmlA222m7dHcTdzeFEvo7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMvCjhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVFFs0pjHqh0RjZxJbBpmOLYThUREHB+j0d3Mfxyj0iyWDTNJMBRkIFmfUWKsFIpu1rgIkPNAptNuueJVvTncVeLnpAI56t3yV9CLaSpQGsqJ1h3fS0yYEWUY5TgtBanGhNARGWDHUkkE6jCbHz11z6zSc/uxsiWNO1d/T2REaD0Rke0UxAz1sjcT//M6qenfhBmTSWpQ0sWifspdE7uzBNweU0gNn1hCqGL2VpcOiSLU2JxKNgR/+eVV0rqs+l7Vf7iq1G7zOIpwAqdwDj5cQw3uoQ5NoPAEz/AKb87YeXHenY9Fa8HJZ47hD5zPH8WCkhA=</latexit><latexit sha1_base64="51eUnz65zP9IsURE09aT+FFO2N0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgQUoiguKp4MVjhbYWmlA222m7dHcTdzeFEvo7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMvCjhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVFFs0pjHqh0RjZxJbBpmOLYThUREHB+j0d3Mfxyj0iyWDTNJMBRkIFmfUWKsFIpu1rgIkPNAptNuueJVvTncVeLnpAI56t3yV9CLaSpQGsqJ1h3fS0yYEWUY5TgtBanGhNARGWDHUkkE6jCbHz11z6zSc/uxsiWNO1d/T2REaD0Rke0UxAz1sjcT//M6qenfhBmTSWpQ0sWifspdE7uzBNweU0gNn1hCqGL2VpcOiSLU2JxKNgR/+eVV0rqs+l7Vf7iq1G7zOIpwAqdwDj5cQw3uoQ5NoPAEz/AKb87YeXHenY9Fa8HJZ47hD5zPH8WCkhA=</latexit><latexit sha1_base64="51eUnz65zP9IsURE09aT+FFO2N0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgQUoiguKp4MVjhbYWmlA222m7dHcTdzeFEvo7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMvCjhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVFFs0pjHqh0RjZxJbBpmOLYThUREHB+j0d3Mfxyj0iyWDTNJMBRkIFmfUWKsFIpu1rgIkPNAptNuueJVvTncVeLnpAI56t3yV9CLaSpQGsqJ1h3fS0yYEWUY5TgtBanGhNARGWDHUkkE6jCbHz11z6zSc/uxsiWNO1d/T2REaD0Rke0UxAz1sjcT//M6qenfhBmTSWpQ0sWifspdE7uzBNweU0gNn1hCqGL2VpcOiSLU2JxKNgR/+eVV0rqs+l7Vf7iq1G7zOIpwAqdwDj5cQw3uoQ5NoPAEz/AKb87YeXHenY9Fa8HJZ47hD5zPH8WCkhA=</latexit>
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W’ à ℓ𝝼 RESONANCES: RESULTS WITH 80 FB-1 

80 fb-1! 

80 fb-1! 

W 0 ! e⌫
<latexit sha1_base64="oaumr/gfMubTphYxKH2yLlqyz14=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFdlUQExVXBjcsK9oFNKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2yy09cDA4Zx7mXtOmAqujet+Oyura+sbm6Wt8vbO7t5+5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPR7dRvP6HSPJEPZpxiENOB5BFn1FjpsX3mm4SgL7NeperW3BnIMvEKUoUCjV7ly+8nLItRGiao1l3PTU2QU2U4Ezgp+5nGlLIRHWDXUklj1EE+u3hCTq3SJ1Gi7JOGzNTfGzmNtR7HoZ2MqRnqRW8q/ud1MxNdBzmXaWZQsvlHUSaITTmNT/pcITNibAllittbCRtSRZmxJZVtCd5i5GXSuqh5bs27v6zWb4o6SnAMJ3AOHlxBHe6gAU1gIOEZXuHN0c6L8+58zEdXnGLnCP7A+fwB2J6QVw==</latexit><latexit sha1_base64="oaumr/gfMubTphYxKH2yLlqyz14=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFdlUQExVXBjcsK9oFNKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2yy09cDA4Zx7mXtOmAqujet+Oyura+sbm6Wt8vbO7t5+5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPR7dRvP6HSPJEPZpxiENOB5BFn1FjpsX3mm4SgL7NeperW3BnIMvEKUoUCjV7ly+8nLItRGiao1l3PTU2QU2U4Ezgp+5nGlLIRHWDXUklj1EE+u3hCTq3SJ1Gi7JOGzNTfGzmNtR7HoZ2MqRnqRW8q/ud1MxNdBzmXaWZQsvlHUSaITTmNT/pcITNibAllittbCRtSRZmxJZVtCd5i5GXSuqh5bs27v6zWb4o6SnAMJ3AOHlxBHe6gAU1gIOEZXuHN0c6L8+58zEdXnGLnCP7A+fwB2J6QVw==</latexit><latexit sha1_base64="oaumr/gfMubTphYxKH2yLlqyz14=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFdlUQExVXBjcsK9oFNKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2yy09cDA4Zx7mXtOmAqujet+Oyura+sbm6Wt8vbO7t5+5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPR7dRvP6HSPJEPZpxiENOB5BFn1FjpsX3mm4SgL7NeperW3BnIMvEKUoUCjV7ly+8nLItRGiao1l3PTU2QU2U4Ezgp+5nGlLIRHWDXUklj1EE+u3hCTq3SJ1Gi7JOGzNTfGzmNtR7HoZ2MqRnqRW8q/ud1MxNdBzmXaWZQsvlHUSaITTmNT/pcITNibAllittbCRtSRZmxJZVtCd5i5GXSuqh5bs27v6zWb4o6SnAMJ3AOHlxBHe6gAU1gIOEZXuHN0c6L8+58zEdXnGLnCP7A+fwB2J6QVw==</latexit><latexit sha1_base64="oaumr/gfMubTphYxKH2yLlqyz14=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFdlUQExVXBjcsK9oFNKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2yy09cDA4Zx7mXtOmAqujet+Oyura+sbm6Wt8vbO7t5+5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPR7dRvP6HSPJEPZpxiENOB5BFn1FjpsX3mm4SgL7NeperW3BnIMvEKUoUCjV7ly+8nLItRGiao1l3PTU2QU2U4Ezgp+5nGlLIRHWDXUklj1EE+u3hCTq3SJ1Gi7JOGzNTfGzmNtR7HoZ2MqRnqRW8q/ud1MxNdBzmXaWZQsvlHUSaITTmNT/pcITNibAllittbCRtSRZmxJZVtCd5i5GXSuqh5bs27v6zWb4o6SnAMJ3AOHlxBHe6gAU1gIOEZXuHN0c6L8+58zEdXnGLnCP7A+fwB2J6QVw==</latexit>

W 0 ! µ⌫
<latexit sha1_base64="fUNsbxquGwBkjUnJt2DHk/CDmIs=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPoKeyKoHgKePEYwTwgu4TZyWwyZGZ2mYcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU1qlVhLZIylPVjbGmnEnaMsxw2s0UxSLmtBOP72Z+54kqzVL5aCYZjQQeSpYwgo2Tws55aFIUChtK26/W/Lo/B1olQUFqUKDZr36Fg5RYQaUhHGvdC/zMRDlWhhFOp5XQapphMsZD2nNUYkF1lM9vnqIzpwxQkipX0qC5+nsix0LriYhdp8BmpJe9mfif17MmuYlyJjNrqCSLRYnlyP05CwANmKLE8IkjmCjmbkVkhBUmxsVUcSEEyy+vkvZlPfDrwcNVrXFbxFGGEziFCwjgGhpwD01oAYEMnuEV3jzrvXjv3seiteQVM8fwB97nD3L4kUQ=</latexit><latexit sha1_base64="fUNsbxquGwBkjUnJt2DHk/CDmIs=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPoKeyKoHgKePEYwTwgu4TZyWwyZGZ2mYcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU1qlVhLZIylPVjbGmnEnaMsxw2s0UxSLmtBOP72Z+54kqzVL5aCYZjQQeSpYwgo2Tws55aFIUChtK26/W/Lo/B1olQUFqUKDZr36Fg5RYQaUhHGvdC/zMRDlWhhFOp5XQapphMsZD2nNUYkF1lM9vnqIzpwxQkipX0qC5+nsix0LriYhdp8BmpJe9mfif17MmuYlyJjNrqCSLRYnlyP05CwANmKLE8IkjmCjmbkVkhBUmxsVUcSEEyy+vkvZlPfDrwcNVrXFbxFGGEziFCwjgGhpwD01oAYEMnuEV3jzrvXjv3seiteQVM8fwB97nD3L4kUQ=</latexit><latexit sha1_base64="fUNsbxquGwBkjUnJt2DHk/CDmIs=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPoKeyKoHgKePEYwTwgu4TZyWwyZGZ2mYcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU1qlVhLZIylPVjbGmnEnaMsxw2s0UxSLmtBOP72Z+54kqzVL5aCYZjQQeSpYwgo2Tws55aFIUChtK26/W/Lo/B1olQUFqUKDZr36Fg5RYQaUhHGvdC/zMRDlWhhFOp5XQapphMsZD2nNUYkF1lM9vnqIzpwxQkipX0qC5+nsix0LriYhdp8BmpJe9mfif17MmuYlyJjNrqCSLRYnlyP05CwANmKLE8IkjmCjmbkVkhBUmxsVUcSEEyy+vkvZlPfDrwcNVrXFbxFGGEziFCwjgGhpwD01oAYEMnuEV3jzrvXjv3seiteQVM8fwB97nD3L4kUQ=</latexit><latexit sha1_base64="fUNsbxquGwBkjUnJt2DHk/CDmIs=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPoKeyKoHgKePEYwTwgu4TZyWwyZGZ2mYcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU1qlVhLZIylPVjbGmnEnaMsxw2s0UxSLmtBOP72Z+54kqzVL5aCYZjQQeSpYwgo2Tws55aFIUChtK26/W/Lo/B1olQUFqUKDZr36Fg5RYQaUhHGvdC/zMRDlWhhFOp5XQapphMsZD2nNUYkF1lM9vnqIzpwxQkipX0qC5+nsix0LriYhdp8BmpJe9mfif17MmuYlyJjNrqCSLRYnlyP05CwANmKLE8IkjmCjmbkVkhBUmxsVUcSEEyy+vkvZlPfDrwcNVrXFbxFGGEziFCwjgGhpwD01oAYEMnuEV3jzrvXjv3seiteQVM8fwB97nD3L4kUQ=</latexit>

Combined 

ATLAS-CONF-2018-017 
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l  Dark Matter searches: 
-  Diverse research programme, few examples: 

l  H à invisible searches: 
-  scratch BR < 20% benchmark! 

l  V+MET, H+MET: 
-  Generic limits on 𝝈 × BR x (A × 𝜺)! 

l  Z’+MET: first ever! 
l  New resonance searches: 

-  Dijet resonances + lepton à probe mjj>200 GeV  
-  HH resonances: strong cut into model phase space 

l  Non-resonant exclusion limits O(10 x 𝝈SM)! 
-  Hy: first ever, Vy: first up to 6.8 TeV! 
-  W’ à ℓv: probe up to mW’ < 6 TeV 

l  First results including 2017 data shown (80 fb-1 total) 
l  Will probe more extreme regions of phase space with 

more data + further analysis improvements 

24 

SUMMARY + OUTLOOK 
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Spares 
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V + MET: SELECTION 
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l  Backgrounds (from MC): 
-  Resonant in mqq:  

l  SM Z(vv)V(qq) 
-  Non-resonant (dominant): 

l  Z(vv)+jets, W+jets, tt 
l  Rest: single top, multijets (from data) 

l  Overview of signal regions (SR) and control regions (CR): 

l  Kinematic similarity between SR and CRs: 
l  SR (0 leptons):  pT

V = MET    V = Zàvv 

l  1𝝁CR:     pT
V = pT(𝝁,MET)  V = Wà𝝁v 

l  2𝓵CR (ee or 𝝁𝝁):  pT
V = pT(𝓵𝓵)    V = Zà𝓵𝓵 

-  Most selections identical in SR, 1𝝁CR, 2𝓵-CR 

 
27 

V + MET: STRATEGY 

0 lepton SR 1 lepton CR 2 lepton CR 
Signal +  

constrain Z(vv)+jets  
in mqq sideband 

Constrain W+jets and tt 
in mqq window+sideband 

Constrain Z(vv)+jets   
using Z(𝓵𝓵)+jets 

in mqq window+sideband 

pT
V > 150 GeV 
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V + MET: GENERIC LIMITS 
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V + MET: GENERIC LIMITS 
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l  Overview of signal regions (SR) and control regions (CR): 

-  Most selections identical in SR, 1𝝁CR, 2𝓵-CR 

 

30 

V+MET: BACKGROUND ESTIMATION 

0 lepton SR 1 lepton CR 2 lepton CR 
Signal +  

constrain Z(vv)+jets  
in mqq sideband 

Constrain W+jets and tt 
in mqq window+sideband 

Constrain Z(vv)+jets   
using Z(𝓵𝓵)+jets 

in mqq window+sideband 
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Z’ + MET: ASSUMPTIONS 
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l  Analysis strategy similar to V+MET: 
-  Require ET

miss  
-  Look for excess in mbb distribution: 

32 

HIGGS(𝙗𝙗) + MET 

Resolved: 
MET < 500 GeV 

× (1, 2 b-tags)  
× 4 ET

miss bins 

Boosted: 
MET > 500 GeV 
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l  Backgrounds (from MC): 
-  Resonant:  

l  SM Z(vv)h(bb) 
-  Non-resonant (dominant): 

l  Z(vv)+jets (30-70%), W+jets (10-20%), tt (10-50%) + rest  
l  Overview of signal regions (SR) and control regions (CR): 

l  Kinematic similarity between SR and CRs: 
l  SR (0 leptons):  pT

V = Et
miss   V = Zàvv 

l  1𝝁CR:     pT
V = pT(𝝁,Et

miss)  V = Wà𝝁v 
l  2𝓵CR (ee or 𝝁𝝁):  pT

V = pT(𝓵𝓵)    V = Zà𝓵𝓵 
-  Most selections identical in SR, 1𝝁CR, 2𝓵-CR 

 33 

HIGGS(𝙗𝙗) + ET
MISS 

0 lepton signal region 1 lepton control region 2 lepton control region 
Signal +  

constrain Z(vv)+jets  
in mbb sidebands 

Constrain tt and W+jets Constrain Z(vv)+jets   
using Z(𝓵𝓵)+jets 

pT
V > 150 GeV 
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HIGGS(𝙗𝙗) + ET
MISS: RESULTS 

[1] 

[1] ATLAS-CONF-2017-028 
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l  Results for Z’-2HDM model: 
-  Large portion of parameter space excluded 

l  Stronger sensitivity than mono-h(𝜸𝜸) for 
l  Complementarity for  
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HIGGS(𝙗𝙗) + ET
MISS: RESULTS 

pT,h & 150 GeV

mono-h(𝜸𝜸)  

mono-h(bb)  

ATLAS-CONF-2017-024 

36 fb-1! 
36 fb-1! 

ATLAS-CONF-2017-028 

pT,h . 150GeV
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l  Limits on h+DM events with minimal model dependence 
l  Assume SM-like Higgs boson (mh ≈ 125 GeV, BR(hàbb) ≈ 58%) 
l  Assume back-to-back topology of Higgs and ET

miss 

-  Set limits on visible cross section: 

 
-                probability to reconstructed in same ET

miss bin as generated and   
to pass all selections except b-tagging and mh,reco (measurement-specific) 

l                at parton level à can compare with  
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HIGGS(𝙗𝙗) + ET
MISS: “MODEL-INDEPENDENT” LIMITS 

Weakest limit 
from a range   
of Z’-2HDM 
models 
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l  Constrain Z(vv)+jets, W+jets in signal region (SR) using control regions (CR): 
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VBF HIGGS à INVISIBLE 

0 lepton SR 1 lepton CR 2 lepton CR 
Signal + constrain  

Z(vv)+jets etc. at low mjj Constrain W+jets Constrain Z(vv)+jets   
using Z(𝓵𝓵)+jets 

MET 
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<latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit><latexit sha1_base64="bRB2pXS/jW++URE4NZHR5vSimBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHpLKoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/mlM3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimG134mVJIiV2yxKEwlwZjkb5Oh0JyhnFpCmRb2VsLGVFOGNpw8BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMIzvMKbM3FenHfnY9FacoqZY/gD5/MHDDyNAA==</latexit>

q
<latexit sha1_base64="jhdoyXcl6DwG02FwHCghq4NZHwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYmuhDWWz3bRLN5u4OxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfJ37D09cGxGre5wk3I/oUIlQMIpWunus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOlnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14m7bO659a92/Na46qIowxHcAyn4MEFNOAGmtACBiE8wyu8OWPnxXl3PuatJaeYOYQ/cD5/AA3BjQE=</latexit><latexit sha1_base64="jhdoyXcl6DwG02FwHCghq4NZHwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYmuhDWWz3bRLN5u4OxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfJ37D09cGxGre5wk3I/oUIlQMIpWunus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOlnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14m7bO659a92/Na46qIowxHcAyn4MEFNOAGmtACBiE8wyu8OWPnxXl3PuatJaeYOYQ/cD5/AA3BjQE=</latexit><latexit sha1_base64="jhdoyXcl6DwG02FwHCghq4NZHwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYmuhDWWz3bRLN5u4OxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfJ37D09cGxGre5wk3I/oUIlQMIpWunus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOlnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14m7bO659a92/Na46qIowxHcAyn4MEFNOAGmtACBiE8wyu8OWPnxXl3PuatJaeYOYQ/cD5/AA3BjQE=</latexit><latexit sha1_base64="jhdoyXcl6DwG02FwHCghq4NZHwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYmuhDWWz3bRLN5u4OxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfJ37D09cGxGre5wk3I/oUIlQMIpWunus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOlnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14m7bO659a92/Na46qIowxHcAyn4MEFNOAGmtACBiE8wyu8OWPnxXl3PuatJaeYOYQ/cD5/AA3BjQE=</latexit>

q
<latexit sha1_base64="jhdoyXcl6DwG02FwHCghq4NZHwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYmuhDWWz3bRLN5u4OxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfJ37D09cGxGre5wk3I/oUIlQMIpWunus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOlnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14m7bO659a92/Na46qIowxHcAyn4MEFNOAGmtACBiE8wyu8OWPnxXl3PuatJaeYOYQ/cD5/AA3BjQE=</latexit><latexit sha1_base64="jhdoyXcl6DwG02FwHCghq4NZHwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYmuhDWWz3bRLN5u4OxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfJ37D09cGxGre5wk3I/oUIlQMIpWunus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOlnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14m7bO659a92/Na46qIowxHcAyn4MEFNOAGmtACBiE8wyu8OWPnxXl3PuatJaeYOYQ/cD5/AA3BjQE=</latexit><latexit sha1_base64="jhdoyXcl6DwG02FwHCghq4NZHwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYmuhDWWz3bRLN5u4OxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfJ37D09cGxGre5wk3I/oUIlQMIpWunus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOlnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14m7bO659a92/Na46qIowxHcAyn4MEFNOAGmtACBiE8wyu8OWPnxXl3PuatJaeYOYQ/cD5/AA3BjQE=</latexit><latexit sha1_base64="jhdoyXcl6DwG02FwHCghq4NZHwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYmuhDWWz3bRLN5u4OxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfJ37D09cGxGre5wk3I/oUIlQMIpWunus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOlnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14m7bO659a92/Na46qIowxHcAyn4MEFNOAGmtACBiE8wyu8OWPnxXl3PuatJaeYOYQ/cD5/AA3BjQE=</latexit>

`+
<latexit sha1_base64="tLai8uGm9Va1pemBzNQSn3/b+pM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiguKp4MVjBfsBbSyb7aRdu9mE3Y1QQv+DFw+KePX/ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fNHWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rSdUmsfy3owT9CM6kDzkjBorNbsoxMNZr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbthJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jrpc4XMiLEllClubyVsSBVlxgZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAINHeIZXeHNi58V5dz7mrQUnnzmEP3A+fwAoF47Q</latexit><latexit sha1_base64="tLai8uGm9Va1pemBzNQSn3/b+pM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiguKp4MVjBfsBbSyb7aRdu9mE3Y1QQv+DFw+KePX/ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fNHWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rSdUmsfy3owT9CM6kDzkjBorNbsoxMNZr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbthJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jrpc4XMiLEllClubyVsSBVlxgZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAINHeIZXeHNi58V5dz7mrQUnnzmEP3A+fwAoF47Q</latexit><latexit sha1_base64="tLai8uGm9Va1pemBzNQSn3/b+pM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiguKp4MVjBfsBbSyb7aRdu9mE3Y1QQv+DFw+KePX/ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fNHWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rSdUmsfy3owT9CM6kDzkjBorNbsoxMNZr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbthJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jrpc4XMiLEllClubyVsSBVlxgZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAINHeIZXeHNi58V5dz7mrQUnnzmEP3A+fwAoF47Q</latexit><latexit sha1_base64="tLai8uGm9Va1pemBzNQSn3/b+pM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiguKp4MVjBfsBbSyb7aRdu9mE3Y1QQv+DFw+KePX/ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fNHWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rSdUmsfy3owT9CM6kDzkjBorNbsoxMNZr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbthJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jrpc4XMiLEllClubyVsSBVlxgZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAINHeIZXeHNi58V5dz7mrQUnnzmEP3A+fwAoF47Q</latexit>

`�
<latexit sha1_base64="EtBbHz5k51tp0iIZ3PEBX1LXrVE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQfFU8OKxgv2ANpbNdtKu3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWN5b8YJ+hEdSB5yRo2Vml0U4uGsV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt2Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/yMyyQ1KNl8UZgKYmIyfZ30uUJmxNgSyhS3txI2pIoyYwMq2RC8xZeXSfO86rlV7+6iUrvO4yjCERzDKXhwCTW4hTo0gMEjPMMrvDmx8+K8Ox/z1oKTzxzCHzifPysfjtI=</latexit><latexit sha1_base64="EtBbHz5k51tp0iIZ3PEBX1LXrVE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQfFU8OKxgv2ANpbNdtKu3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWN5b8YJ+hEdSB5yRo2Vml0U4uGsV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt2Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/yMyyQ1KNl8UZgKYmIyfZ30uUJmxNgSyhS3txI2pIoyYwMq2RC8xZeXSfO86rlV7+6iUrvO4yjCERzDKXhwCTW4hTo0gMEjPMMrvDmx8+K8Ox/z1oKTzxzCHzifPysfjtI=</latexit><latexit sha1_base64="EtBbHz5k51tp0iIZ3PEBX1LXrVE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQfFU8OKxgv2ANpbNdtKu3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWN5b8YJ+hEdSB5yRo2Vml0U4uGsV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt2Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/yMyyQ1KNl8UZgKYmIyfZ30uUJmxNgSyhS3txI2pIoyYwMq2RC8xZeXSfO86rlV7+6iUrvO4yjCERzDKXhwCTW4hTo0gMEjPMMrvDmx8+K8Ox/z1oKTzxzCHzifPysfjtI=</latexit><latexit sha1_base64="EtBbHz5k51tp0iIZ3PEBX1LXrVE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQfFU8OKxgv2ANpbNdtKu3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWN5b8YJ+hEdSB5yRo2Vml0U4uGsV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt2Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/yMyyQ1KNl8UZgKYmIyfZ30uUJmxNgSyhS3txI2pIoyYwMq2RC8xZeXSfO86rlV7+6iUrvO4yjCERzDKXhwCTW4hTo0gMEjPMMrvDmx8+K8Ox/z1oKTzxzCHzifPysfjtI=</latexit>

⌫
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OLEG BRANDT 

W/Z/�/g
<latexit sha1_base64="ioHyCpIvtLaxW4SuYNWYyfJgnMo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU7srguKp4MVjBfuB7VKyaboNTbJrki2Upb/DiwdFvPpjvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxreZ355QpVkkH8w0pr7AoWRDRrCxkt+uPdZ6IRYC18JSv1xxq+4caJV4OalAjka//NUbRCQRVBrCsdZdz42Nn2JlGOF0VuolmsaYjHFIu5ZKLKj20/nRM3RmlQEaRsqWNGiu/p5IsdB6KgLbKbAZ6WUvE//zuokZXvspk3FiqCSLRcOEIxOhLAE0YIoSw6eWYKKYvRWREVaYGJtTFoK3/PIqaV1UPbfq3V9W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDyfNkQI=</latexit><latexit sha1_base64="ioHyCpIvtLaxW4SuYNWYyfJgnMo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU7srguKp4MVjBfuB7VKyaboNTbJrki2Upb/DiwdFvPpjvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxreZ355QpVkkH8w0pr7AoWRDRrCxkt+uPdZ6IRYC18JSv1xxq+4caJV4OalAjka//NUbRCQRVBrCsdZdz42Nn2JlGOF0VuolmsaYjHFIu5ZKLKj20/nRM3RmlQEaRsqWNGiu/p5IsdB6KgLbKbAZ6WUvE//zuokZXvspk3FiqCSLRcOEIxOhLAE0YIoSw6eWYKKYvRWREVaYGJtTFoK3/PIqaV1UPbfq3V9W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDyfNkQI=</latexit><latexit sha1_base64="ioHyCpIvtLaxW4SuYNWYyfJgnMo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU7srguKp4MVjBfuB7VKyaboNTbJrki2Upb/DiwdFvPpjvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxreZ355QpVkkH8w0pr7AoWRDRrCxkt+uPdZ6IRYC18JSv1xxq+4caJV4OalAjka//NUbRCQRVBrCsdZdz42Nn2JlGOF0VuolmsaYjHFIu5ZKLKj20/nRM3RmlQEaRsqWNGiu/p5IsdB6KgLbKbAZ6WUvE//zuokZXvspk3FiqCSLRcOEIxOhLAE0YIoSw6eWYKKYvRWREVaYGJtTFoK3/PIqaV1UPbfq3V9W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDyfNkQI=</latexit><latexit sha1_base64="ioHyCpIvtLaxW4SuYNWYyfJgnMo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU7srguKp4MVjBfuB7VKyaboNTbJrki2Upb/DiwdFvPpjvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxreZ355QpVkkH8w0pr7AoWRDRrCxkt+uPdZ6IRYC18JSv1xxq+4caJV4OalAjka//NUbRCQRVBrCsdZdz42Nn2JlGOF0VuolmsaYjHFIu5ZKLKj20/nRM3RmlQEaRsqWNGiu/p5IsdB6KgLbKbAZ6WUvE//zuokZXvspk3FiqCSLRcOEIxOhLAE0YIoSw6eWYKKYvRWREVaYGJtTFoK3/PIqaV1UPbfq3V9W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDyfNkQI=</latexit>

l  Dark Matter searches: 
-  Higgs à invisible 

l  Overview 
l  VBF channel 
l  Combo 

-  V+MET, Z’+MET, H+MET 

l  More Exotics results: 
-  https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults 
-  https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO 
-  https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G  
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OUTLINE #1 

W/Z/H

�/g/...
<latexit sha1_base64="uqqVP5NhG2XgypHfmJJ7RViTIx4=">AAAB/nicbVDLSsNAFJ34rPEVFVduBovgKg8RFFcFN11WsA9sQplMJ+nQmUmYmQglFPwVNy4Ucet3uPNvTNostPXAhcM593LvPWHKqNKu+22srK6tb2zWtsztnd29fevgsKOSTGLSxglLZC9EijAqSFtTzUgvlQTxkJFuOL4t/e4jkYom4l5PUhJwFAsaUYx0IQ2s467z4DR93/RjxDlyYse2bXNg1V3bnQEuE68idVChNbC+/GGCM06Exgwp1ffcVAc5kppiRqamnymSIjxGMekXVCBOVJDPzp/Cs0IZwiiRRQkNZ+rviRxxpSY8LDo50iO16JXif14/09F1kFORZpoIPF8UZQzqBJZZwCGVBGs2KQjCkha3QjxCEmFdJFaG4C2+vEw6F7bn2t7dZb1xU8VRAyfgFJwDD1yBBmiCFmgDDHLwDF7Bm/FkvBjvxse8dcWoZo7AHxifP5mmk0Y=</latexit><latexit sha1_base64="uqqVP5NhG2XgypHfmJJ7RViTIx4=">AAAB/nicbVDLSsNAFJ34rPEVFVduBovgKg8RFFcFN11WsA9sQplMJ+nQmUmYmQglFPwVNy4Ucet3uPNvTNostPXAhcM593LvPWHKqNKu+22srK6tb2zWtsztnd29fevgsKOSTGLSxglLZC9EijAqSFtTzUgvlQTxkJFuOL4t/e4jkYom4l5PUhJwFAsaUYx0IQ2s467z4DR93/RjxDlyYse2bXNg1V3bnQEuE68idVChNbC+/GGCM06Exgwp1ffcVAc5kppiRqamnymSIjxGMekXVCBOVJDPzp/Cs0IZwiiRRQkNZ+rviRxxpSY8LDo50iO16JXif14/09F1kFORZpoIPF8UZQzqBJZZwCGVBGs2KQjCkha3QjxCEmFdJFaG4C2+vEw6F7bn2t7dZb1xU8VRAyfgFJwDD1yBBmiCFmgDDHLwDF7Bm/FkvBjvxse8dcWoZo7AHxifP5mmk0Y=</latexit><latexit sha1_base64="uqqVP5NhG2XgypHfmJJ7RViTIx4=">AAAB/nicbVDLSsNAFJ34rPEVFVduBovgKg8RFFcFN11WsA9sQplMJ+nQmUmYmQglFPwVNy4Ucet3uPNvTNostPXAhcM593LvPWHKqNKu+22srK6tb2zWtsztnd29fevgsKOSTGLSxglLZC9EijAqSFtTzUgvlQTxkJFuOL4t/e4jkYom4l5PUhJwFAsaUYx0IQ2s467z4DR93/RjxDlyYse2bXNg1V3bnQEuE68idVChNbC+/GGCM06Exgwp1ffcVAc5kppiRqamnymSIjxGMekXVCBOVJDPzp/Cs0IZwiiRRQkNZ+rviRxxpSY8LDo50iO16JXif14/09F1kFORZpoIPF8UZQzqBJZZwCGVBGs2KQjCkha3QjxCEmFdJFaG4C2+vEw6F7bn2t7dZb1xU8VRAyfgFJwDD1yBBmiCFmgDDHLwDF7Bm/FkvBjvxse8dcWoZo7AHxifP5mmk0Y=</latexit><latexit sha1_base64="uqqVP5NhG2XgypHfmJJ7RViTIx4=">AAAB/nicbVDLSsNAFJ34rPEVFVduBovgKg8RFFcFN11WsA9sQplMJ+nQmUmYmQglFPwVNy4Ucet3uPNvTNostPXAhcM593LvPWHKqNKu+22srK6tb2zWtsztnd29fevgsKOSTGLSxglLZC9EijAqSFtTzUgvlQTxkJFuOL4t/e4jkYom4l5PUhJwFAsaUYx0IQ2s467z4DR93/RjxDlyYse2bXNg1V3bnQEuE68idVChNbC+/GGCM06Exgwp1ffcVAc5kppiRqamnymSIjxGMekXVCBOVJDPzp/Cs0IZwiiRRQkNZ+rviRxxpSY8LDo50iO16JXif14/09F1kFORZpoIPF8UZQzqBJZZwCGVBGs2KQjCkha3QjxCEmFdJFaG4C2+vEw6F7bn2t7dZb1xU8VRAyfgFJwDD1yBBmiCFmgDDHLwDF7Bm/FkvBjvxse8dcWoZo7AHxifP5mmk0Y=</latexit>

�

�

W/Z/�/g
<latexit sha1_base64="ioHyCpIvtLaxW4SuYNWYyfJgnMo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU7srguKp4MVjBfuB7VKyaboNTbJrki2Upb/DiwdFvPpjvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxreZ355QpVkkH8w0pr7AoWRDRrCxkt+uPdZ6IRYC18JSv1xxq+4caJV4OalAjka//NUbRCQRVBrCsdZdz42Nn2JlGOF0VuolmsaYjHFIu5ZKLKj20/nRM3RmlQEaRsqWNGiu/p5IsdB6KgLbKbAZ6WUvE//zuokZXvspk3FiqCSLRcOEIxOhLAE0YIoSw6eWYKKYvRWREVaYGJtTFoK3/PIqaV1UPbfq3V9W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDyfNkQI=</latexit><latexit sha1_base64="ioHyCpIvtLaxW4SuYNWYyfJgnMo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU7srguKp4MVjBfuB7VKyaboNTbJrki2Upb/DiwdFvPpjvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxreZ355QpVkkH8w0pr7AoWRDRrCxkt+uPdZ6IRYC18JSv1xxq+4caJV4OalAjka//NUbRCQRVBrCsdZdz42Nn2JlGOF0VuolmsaYjHFIu5ZKLKj20/nRM3RmlQEaRsqWNGiu/p5IsdB6KgLbKbAZ6WUvE//zuokZXvspk3FiqCSLRcOEIxOhLAE0YIoSw6eWYKKYvRWREVaYGJtTFoK3/PIqaV1UPbfq3V9W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDyfNkQI=</latexit><latexit sha1_base64="ioHyCpIvtLaxW4SuYNWYyfJgnMo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU7srguKp4MVjBfuB7VKyaboNTbJrki2Upb/DiwdFvPpjvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxreZ355QpVkkH8w0pr7AoWRDRrCxkt+uPdZ6IRYC18JSv1xxq+4caJV4OalAjka//NUbRCQRVBrCsdZdz42Nn2JlGOF0VuolmsaYjHFIu5ZKLKj20/nRM3RmlQEaRsqWNGiu/p5IsdB6KgLbKbAZ6WUvE//zuokZXvspk3FiqCSLRcOEIxOhLAE0YIoSw6eWYKKYvRWREVaYGJtTFoK3/PIqaV1UPbfq3V9W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDyfNkQI=</latexit><latexit sha1_base64="ioHyCpIvtLaxW4SuYNWYyfJgnMo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU7srguKp4MVjBfuB7VKyaboNTbJrki2Upb/DiwdFvPpjvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxreZ355QpVkkH8w0pr7AoWRDRrCxkt+uPdZ6IRYC18JSv1xxq+4caJV4OalAjka//NUbRCQRVBrCsdZdz42Nn2JlGOF0VuolmsaYjHFIu5ZKLKj20/nRM3RmlQEaRsqWNGiu/p5IsdB6KgLbKbAZ6WUvE//zuokZXvspk3FiqCSLRcOEIxOhLAE0YIoSw6eWYKKYvRWREVaYGJtTFoK3/PIqaV1UPbfq3V9W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDyfNkQI=</latexit>

Generic signature: 
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