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Light Higgsino Scenarios

✦ Light higgsinos motivated by natural SUSY 
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Light Higgsino Scenarios

✦ Light higgsinos motivated by natural SUSY 

•      !        

✦ Light higgsinos at electroweak scale -             and  

•             the lightest SUSY particle (LSP) 

✦ No other SUSY particles below TeV scale 

✦                         a sub GeV
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Light higgsinos at electroweak scale

✦  Light higgsinos studied for two benchmark scenarios by Hale Sert - DESY-
THESIS-2016-001  at       = 500 GeV and          = 500 fb-1   

•  !  = 770 MeV        dM770 

• !   = 1600 MeV        dM1600 

✦ Key observables e.g.       ,                 , cross-section obtained with an uncertainty 
of a few percent 

✦ The analysis studied with simplified assumptions:  

• simulated using SGV fast simulation - perfect particle identification 
assumed 

• without the inclusion of  low pT hadron overlay
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Light higgsinos at electroweak scale

✦ Study of higgsinos in full simulation for      = 500 GeV and          = 500 fb-1 

•  !  = 770 MeV        dM770 

• !   = 1600 MeV        dM1600 

✦ Simulating events using full detector simulation 

✦ Studying the effect of           low pT hadron overlay on the higgsino analysis

�M(�̃±
1 , �̃

0
1)

<latexit sha1_base64="gLLdYOyJWtmN/2yaoRdf73VHIMA="></latexit>

�M(�̃±
1 , �̃

0
1)

<latexit sha1_base64="gLLdYOyJWtmN/2yaoRdf73VHIMA="></latexit>

)

<latexit sha1_base64="LBdA9wIWke69jEIoKKPlyYEdoA8=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0liqe2t6MVjFfsBTSib7aZdusmG3YlSSv+GFw+KePXPePPfuGkrqOiDgcd7M8zMCxLBNdj2h5VbWV1b38hvFra2d3b3ivsHbS1TRVmLSiFVNyCaCR6zFnAQrJsoRqJAsE4wvsz8zh1Tmsv4FiYJ8yMyjHnIKQEjed4NH46AKCXvC/1iyS7bds2uV7EhZ1Wn5mak4tarLnaMlaGElmj2i+/eQNI0YjFQQbTuOXYC/pQo4FSwWcFLNUsIHZMh6xkak4hpfzq/eYZPjDLAoVSmYsBz9fvElERaT6LAdEYERvq3l4l/eb0Uwpo/5XGSAovpYlGYCgwSZwHgAVeMgpgYQqji5lZMR0QRCiamLISvT/H/pO2WnUq5fl0pNS6WceTRETpGp8hB56iBrlATtRBFCXpAT+jZSq1H68V6XbTmrOXMIfoB6+0TLQaRzw==</latexit>

)

<latexit sha1_base64="LBdA9wIWke69jEIoKKPlyYEdoA8=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0liqe2t6MVjFfsBTSib7aZdusmG3YlSSv+GFw+KePXPePPfuGkrqOiDgcd7M8zMCxLBNdj2h5VbWV1b38hvFra2d3b3ivsHbS1TRVmLSiFVNyCaCR6zFnAQrJsoRqJAsE4wvsz8zh1Tmsv4FiYJ8yMyjHnIKQEjed4NH46AKCXvC/1iyS7bds2uV7EhZ1Wn5mak4tarLnaMlaGElmj2i+/eQNI0YjFQQbTuOXYC/pQo4FSwWcFLNUsIHZMh6xkak4hpfzq/eYZPjDLAoVSmYsBz9fvElERaT6LAdEYERvq3l4l/eb0Uwpo/5XGSAovpYlGYCgwSZwHgAVeMgpgYQqji5lZMR0QRCiamLISvT/H/pO2WnUq5fl0pNS6WceTRETpGp8hB56iBrlATtRBFCXpAT+jZSq1H68V6XbTmrOXMIfoB6+0TLQaRzw==</latexit>

p
s

<latexit sha1_base64="KUvgYaId/ENux/wGi/2BuhTEIxs=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuShLjo7uiG5cV7APaUCbTSTt0MklnboQS+hNuXCji1t9x5984aSuo6IELh3Pu5d57gkRwDbb9YS0tr6yurRc2iptb2zu7pb39po5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1gdJ37rXumNI/lHUwS5kdkIHnIKQEjtbt6rCDT016pbFds+7xaPcWGeI7rODk5cz23ih1j5SijBeq90nu3H9M0YhKoIFp3HDsBPyMKOBVsWuymmiWEjsiAdQyVJGLaz2b3TvGxUfo4jJUpCXimfp/ISKT1JApMZ0RgqH97ufiX10khvPQzLpMUmKTzRWEqMMQ4fx73uWIUxMQQQhU3t2I6JIpQMBEVTQhfn+L/SdOtOF6leuuVa1eLOAroEB2hE+SgC1RDN6iOGogigR7QE3q2xtaj9WK9zluXrMXMAfoB6+0T/quQoQ==</latexit>

Z
Ldt

<latexit sha1_base64="lMmlyWFy2pX3P+F8k4JjOE+lRs8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRSUHdFNy5cVLAPaEKZTCbt0MmDmRshhPorblwo4tYPceffOGmz0NYDA4dz7uWeOV4iuALL+jYqa+sbm1vV7drO7t7+gXl41FNxKinr0ljEcuARxQSPWBc4CDZIJCOhJ1jfm94Ufv+RScXj6AGyhLkhGUc84JSAlkZm3eERYCckMKFE5HczH/DIbFhNaw68SuySNFCJzsj8cvyYpiGLgAqi1NC2EnBzIoFTwWY1J1UsIXRKxmyoaURCptx8Hn6GT7Xi4yCW+ukoc/X3Rk5CpbLQ05NFSrXsFeJ/3jCF4NLNeZSkwCK6OBSkAkOMiyawzyWjIDJNCJVcZ8V0QiShoPuq6RLs5S+vkt550241r+5bjfZ1WUcVHaMTdIZsdIHa6BZ1UBdRlKFn9IrejCfjxXg3PhajFaPcqaM/MD5/AHprlK4=</latexit>

!! !

<latexit sha1_base64="pgdvNzv9iihoQbxiylci2CaQJX8=">AAACAHicdVDLSsNAFJ34rPUVdeHCzWARXJVEo8Zd0Y3LCvYBbSg302k7dCYJMxOlhG78FTcuFHHrZ7jzb5y2EVT0wL0czrmXmXvChDOlHefDmptfWFxaLqwUV9fWNzbtre26ilNJaI3EPJbNEBTlLKI1zTSnzURSECGnjXB4OfEbt1QqFkc3epTQQEA/Yj1GQBupY++2+yAE5F2y/kCDlPFdxy45Zc87PXZ97JSdKQzxTnzf87GbKyWUo9qx39vdmKSCRppwUKrlOokOMpCaEU7HxXaqaAJkCH3aMjQCQVWQTQ8Y4wOjdHEvlqYijafq940MhFIjEZpJAXqgfnsT8S+vleqeH2QsSlJNIzJ7qJdyrGM8SQN3maRE85EhQCQzf8VkABKINpkVTQhfl+L/Sf2o7Hrl82uvVLnI4yigPbSPDpGLzlAFXaEqqiGCxugBPaFn6956tF6s19nonJXv7KAfsN4+AdTAlz8=</latexit>

| Hadron Production in Photon-Photon processes | Swathi Sasikumar,16 March 2021



!7

Photon-Photon Interactions at e+e- colliders

‣ e+e- beams are accompanied by real and 
virtual photons 

‣ Photons interact in different ways 

‣ Vector meson dominance - most 
dominating subprocess 

• Photon fluctuates into a vector 
meson since it has same quantum 
properties 

‣ Vector mesons interact to give low pT 
hadrons 

‣ At        = 500 GeV       1.05          low pt 
hadron events/Bunch crossing expected 
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Higgsinos and     processes

✦ Higgsinos have small mass differences       a few soft visible 
particles 

✦ Small transverse momentum (2 - 4 GeV) 

✦ Visible decay products similar to          low pT hadron process   

✦ Conventional methods e.g. kT method to remove overlay not 
possible for higgsinos 

• low pT visible decay products misidentified as           low 
pT hadron process and discarded  
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The Standard Model Background
✦ Hard SM background processes: 

• !  

• !  

• !  

✦ Every SM background event overlaid with  
          low pT hadron processes 

✦ The presence of           low pT overlay makes 
suppression of SM background more 
challenging
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The Standard Model and the Signal

• The                  background has 
same signature as the signal

!! ! 2f
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The Standard Model and the Signal

• The                  background has 
same signature as the signal

!! ! 2f
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• A hard ISR photon is required to 
suppress this type background 

• In the final state:  

• A few soft visible particles 

• A large missing energy (2    ) 
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The impact of      overlay 
• The presence of           low pT hadron 

overlay changes the topology of 
events       

•  All particles should have |Cos   | < 
0.9397       20  away from the beam 

•        low pT hadron particles found in 
forward part of the detector
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The impact of      overlay 
• The presence of           low pT hadron 

overlay changes the topology of 
events       

•  All particles should have |Cos   | < 
0.9397       20  away from the beam 

•        low pT hadron particles found in 
forward part of the detector 

• Every particle should have E < 5 GeV
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The impact of      overlay 
• The presence of           low pT hadron 

overlay changes the topology of 
events       

•  All particles should have |Cos   | < 
0.9397       20  away from the beam 

•        low pT hadron particles found in 
forward part of the detector 

• Every particle should have E < 5 GeV 

• Previous analysis only had particles 
from the higgsino decays 

• To reduce impact of          low pT 

overlay       separation of signal and 
overlay required 
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Higgsino selection criteria in previous analysis
✦ No beamCal activity 

✦ Number of reconstructed particles < 15  

✦ At least one ISR photon 

✦ |Cos theta| < 0.9397       20  away from the beam 

✦ Every particle should have E < 5 GeV 

✦ Missing Energy > 300 GeV 

✦ |Cos theta miss| < 0.992       7  away from the beam  

✦ Semi-leptonic selection       to suppress neutralinos 

✦ Boosted energy of the chargino decay pion < 3 GeV 

✦ Acoplanarity angle between pion and lepton < 2 rad
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Separating     overlay

• Signal and          low pT hadron vertices 
are displaced from each other 

• Often only single track       no classic 
vertexing possible 

• Tracks emerging from the displaced 
vertices can be separated based on 
their impact parameter in z-axis
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Positions of MC tracks on the z-axis

)

<latexit sha1_base64="LBdA9wIWke69jEIoKKPlyYEdoA8=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0liqe2t6MVjFfsBTSib7aZdusmG3YlSSv+GFw+KePXPePPfuGkrqOiDgcd7M8zMCxLBNdj2h5VbWV1b38hvFra2d3b3ivsHbS1TRVmLSiFVNyCaCR6zFnAQrJsoRqJAsE4wvsz8zh1Tmsv4FiYJ8yMyjHnIKQEjed4NH46AKCXvC/1iyS7bds2uV7EhZ1Wn5mak4tarLnaMlaGElmj2i+/eQNI0YjFQQbTuOXYC/pQo4FSwWcFLNUsIHZMh6xkak4hpfzq/eYZPjDLAoVSmYsBz9fvElERaT6LAdEYERvq3l4l/eb0Uwpo/5XGSAovpYlGYCgwSZwHgAVeMgpgYQqji5lZMR0QRCiamLISvT/H/pO2WnUq5fl0pNS6WceTRETpGp8hB56iBrlATtRBFCXpAT+jZSq1H68V6XbTmrOXMIfoB6+0TLQaRzw==</latexit>

�̃±
1

<latexit sha1_base64="jSOkFmoPbn9ZTHzJGHlOy4MBg20=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUlB3RTcuK9gHNDFMJtN26MwkzEyEErLxV9y4UMStn+HOv3HSZqGtBy4czrmXe+8JE0aVdpxvq7Kyura+Ud2sbW3v7O7Z+wddFacSkw6OWSz7IVKEUUE6mmpG+okkiIeM9MLJTeH3HolUNBb3epoQn6ORoEOKkTZSYB95mrKIZB4e0zzI3Pwh8xKe1wK77jScGeAycUtSByXagf3lRTFOOREaM6TUwHUS7WdIaooZyWteqkiC8ASNyMBQgThRfjZ7IIenRongMJamhIYz9fdEhrhSUx6aTo70WC16hfifN0j18NLPqEhSTQSeLxqmDOoYFmnAiEqCNZsagrCk5laIx0girE1mRQju4svLpHvecJuNq7tmvXVdxlEFx+AEnAEXXIAWuAVt0AEY5OAZvII368l6sd6tj3lrxSpnDsEfWJ8/CVaWtA==</latexit>

�� ! low pT

| Hadron Production in Photon-Photon processes | Swathi Sasikumar,16 March 2021



!17

Track grouping Algorithm
• A track grouping algorithm developed to group tracks based on their z0 value 

• Aiming to separate signal and overlay tracks !  further away on z-axis due to 
displaced vertices 

• Only 16-18 % of the groups have tracks incorrectly combined 

• The algorithm efficiently separates the overlay and signal tracks  

• The groups created by the algorithm used to select semi-leptonic candidates for 
the signal among the overlay tracks 
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Semi-leptonic selection efficiency

Semi-lep events with 
both signal tracks 
reconstructed 84 %

79% 21%

96%

High 
multiplicity 
groups

failed to be selected 
as semi-leptonic 
through groups

selected as semi-
leptonic through 
groups

both the semi-leptonic candidates 
rightly selected

dM1600 scenario
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Semi-leptonic selection efficiency

Semi-lep events with 
both signal tracks 
reconstructed 84 %

79% 21%

96%

High 
multiplicity 
groups

failed to be selected 
as semi-leptonic 
through groups

selected as semi-
leptonic through 
groups

both the semi-leptonic candidates 
rightly selected

Perfect particle id 
assumed using MC 
truth info

dM1600 scenario
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Modifications in selection criteria
• For events where semi-lep events 

found       |Cos theta| < 0.9397 only for 
semi-leptonic candidates 

• For events where semi-lep events not 
found       |Cos theta| < 0.9397 only for 
all particles

)
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Modifications in selection criteria
✦ Events with semi-lep found: ESL+Eneu < 

5 GeV & ESL+Eothr < 5 GeV  

✦ Events without semi-lep event found : 
particle with highest energy E < 5 GeV
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Comparison of events

current 
dM1600

previous 
dM1600

current 
dM770

previous  
dM770

2147 3813 1826 4600

        SM 3290 4016 5420 2199

�̃+
1 �̃

�
1

<latexit sha1_base64="S3iXB/aASHCsf0oNxEH+0tgZ/T0=">AAACEXicjZBLS8NAFIVv6qvWV9Slm8EiFMSSSEHdFd24rGBroYlhMpm0QyeTMDMRSshfcONfceNCEbfu3PlvTB8Ln+CBgcN37mVmjp9wprRlvRulufmFxaXycmVldW19w9zc6qg4lYS2Scxj2fWxopwJ2tZMc9pNJMWRz+mVPzwb51c3VCoWi0s9Sqgb4b5gISNYF8gza45mPKCZQwYs9zI7v87285/sIPfMql23JkJ/myrM1PLMNyeISRpRoQnHSvVsK9FuhqVmhNO84qSKJpgMcZ/2CitwRJWbTX6Uo72CBCiMZXGERhP6eSPDkVKjyC8mI6wH6ns2hr9lvVSHx27GRJJqKsj0ojDlSMdoXA8KmKRE81FhMJGseCsiAywx0UWJlf+V0Dms2436yUWj2jyd1VGGHdiFGthwBE04hxa0gcAt3MMjPBl3xoPxbLxMR0vGbGcbvsh4/QDT/Z5K</latexit>

✦ Presence of overlay  makes removal of SM background challenging 

✦ Harsher and new cuts introduced to remove SM background 

✦ Smaller signal events survived with respect to the previous analysis

✦ Due to similar background in dM1600       the expected uncertainty on observables is: 

•                      = 1.33             33% worse 

• Gets better with smaller SM background           25-33% worse 

)

<latexit sha1_base64="LBdA9wIWke69jEIoKKPlyYEdoA8=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0liqe2t6MVjFfsBTSib7aZdusmG3YlSSv+GFw+KePXPePPfuGkrqOiDgcd7M8zMCxLBNdj2h5VbWV1b38hvFra2d3b3ivsHbS1TRVmLSiFVNyCaCR6zFnAQrJsoRqJAsE4wvsz8zh1Tmsv4FiYJ8yMyjHnIKQEjed4NH46AKCXvC/1iyS7bds2uV7EhZ1Wn5mak4tarLnaMlaGElmj2i+/eQNI0YjFQQbTuOXYC/pQo4FSwWcFLNUsIHZMh6xkak4hpfzq/eYZPjDLAoVSmYsBz9fvElERaT6LAdEYERvq3l4l/eb0Uwpo/5XGSAovpYlGYCgwSZwHgAVeMgpgYQqji5lZMR0QRCiamLISvT/H/pO2WnUq5fl0pNS6WceTRETpGp8hB56iBrlATtRBFCXpAT+jZSq1H68V6XbTmrOXMIfoB6+0TLQaRzw==</latexit>

)

<latexit sha1_base64="LBdA9wIWke69jEIoKKPlyYEdoA8=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0liqe2t6MVjFfsBTSib7aZdusmG3YlSSv+GFw+KePXPePPfuGkrqOiDgcd7M8zMCxLBNdj2h5VbWV1b38hvFra2d3b3ivsHbS1TRVmLSiFVNyCaCR6zFnAQrJsoRqJAsE4wvsz8zh1Tmsv4FiYJ8yMyjHnIKQEjed4NH46AKCXvC/1iyS7bds2uV7EhZ1Wn5mak4tarLnaMlaGElmj2i+/eQNI0YjFQQbTuOXYC/pQo4FSwWcFLNUsIHZMh6xkak4hpfzq/eYZPjDLAoVSmYsBz9fvElERaT6LAdEYERvq3l4l/eb0Uwpo/5XGSAovpYlGYCgwSZwHgAVeMgpgYQqji5lZMR0QRCiamLISvT/H/pO2WnUq5fl0pNS6WceTRETpGp8hB56iBrlATtRBFCXpAT+jZSq1H68V6XbTmrOXMIfoB6+0TLQaRzw==</latexit>

q
Sigpre/Sigcurr

<latexit sha1_base64="mRwSPHx5z6JX/l0H8ZU0TrclBjk=">AAACEnicbVC7TsMwFHV4lvIKMLJEVEiwlARVArYKFsYi6ENqoshxndaq4wT7BlFF+QYWfoWFAYRYmdj4G9zHUFqOZOnonHt0fU+QcKbAtn+MhcWl5ZXVwlpxfWNza9vc2W2oOJWE1knMY9kKsKKcCVoHBpy2EklxFHDaDPpXQ7/5QKVisbiDQUK9CHcFCxnBoCXfPHbVvYTslnX9zAX6CJmO5/nJlEBSKfM8982SXbZHsOaJMyElNEHNN7/dTkzSiAogHCvVduwEvAxLYITTvOimiiaY9HGXtjUVOKLKy0Yn5dahVjpWGEv9BFgjdTqR4UipQRToyQhDT816Q/E/r51CeO5lTCQpUEHGi8KUWxBbw36sDpOUAB9ogolk+q8W6WGJCegWi7oEZ/bkedI4LTuV8sVNpVS9nNRRQPvoAB0hB52hKrpGNVRHBD2hF/SG3o1n49X4MD7HowvGJLOH/sD4+gVJv5/H</latexit>

⇠

<latexit sha1_base64="7NBndA5a+rbQuXPIzxZX+gyHOWo=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwu9Q2Xg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ug4yrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+yfvNwWWvcFnGU4QRO4Rx8uIIG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPHyOPjlM=</latexit>

)

<latexit sha1_base64="LBdA9wIWke69jEIoKKPlyYEdoA8=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0liqe2t6MVjFfsBTSib7aZdusmG3YlSSv+GFw+KePXPePPfuGkrqOiDgcd7M8zMCxLBNdj2h5VbWV1b38hvFra2d3b3ivsHbS1TRVmLSiFVNyCaCR6zFnAQrJsoRqJAsE4wvsz8zh1Tmsv4FiYJ8yMyjHnIKQEjed4NH46AKCXvC/1iyS7bds2uV7EhZ1Wn5mak4tarLnaMlaGElmj2i+/eQNI0YjFQQbTuOXYC/pQo4FSwWcFLNUsIHZMh6xkak4hpfzq/eYZPjDLAoVSmYsBz9fvElERaT6LAdEYERvq3l4l/eb0Uwpo/5XGSAovpYlGYCgwSZwHgAVeMgpgYQqji5lZMR0QRCiamLISvT/H/pO2WnUq5fl0pNS6WceTRETpGp8hB56iBrlATtRBFCXpAT+jZSq1H68V6XbTmrOXMIfoB6+0TLQaRzw==</latexit>

⇠

<latexit sha1_base64="7NBndA5a+rbQuXPIzxZX+gyHOWo=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwu9Q2Xg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ug4yrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+yfvNwWWvcFnGU4QRO4Rx8uIIG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPHyOPjlM=</latexit>
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Precision determination of Polarized Cross Section
• Statistical precision of polarized cross section                   is estimated based on 

efficiency and purity
!" pol / " pol

<latexit sha1_base64="TyP9znpf+1Tt3bQJPM087S6SVfM=">AAACFnicbVBNS8NAEN34WetX1aOXYBG8WBMpqLeiF48V7Ac0IWw203bp5oPdiVhCf4UX/4oXD4p4FW/+G7dtDtr2wcDjvRlm5vmJ4Aot68dYWl5ZXVsvbBQ3t7Z3dkt7+00Vp5JBg8Uilm2fKhA8ggZyFNBOJNDQF9DyBzdjv/UAUvE4usdhAm5IexHvckZRS17p1AlAIHUU74XUyxyER8ySWIxGZws0r1S2KtYE5jyxc1ImOepe6dsJYpaGECETVKmObSXoZlQiZwJGRSdVkFA2oD3oaBrREJSbTd4amcdaCcxuLHVFaE7UvxMZDZUahr7uDCn21aw3Fhd5nRS7l27GoyRFiNh0UTcVJsbmOCMz4BIYiqEmlEmubzVZn0rKUCdZ1CHYsy/Pk+Z5xa5Wru6q5dp1HkeBHJIjckJsckFq5JbUSYMw8kReyBt5N56NV+PD+Jy2Lhn5zAH5B+PrF0tDoV4=</latexit>

Cross section 
[fb-1]

Current Analysis Previous Analysis

dM1600 78.7 2.3% 1.9%

dM770 77 2.9% 1.6%

��meas

�meas
=

1q
✏ · ⇡ · �signal ·

R
Ldt

<latexit sha1_base64="ZzdpiRvcZF8hjqk/t9bqhjSgYN4="></latexit>

�meas = �pol ⇥BR(�̃+
1 �̃

�
1 ! �̃0

1�̃
0
1,⇡, µ(e))

<latexit sha1_base64="xtSBpgIEX2i9qao3jtdts5Sauwk="></latexit>

• More precise determination of cross sections possible with luminosity upgrades
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Mass reconstruction of 
•      are reconstructed using their recoil mass against the ISR photon

�̃±
1

<latexit sha1_base64="3JdAAKHmrbaWiuUb7JP9zmhWRvc=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCq5DY0Ka7ohuXFewDmhgmk2k7dPJgZiKUmIW/4saFIm79DXf+jdOHoKIHLhzOuZd77wlSRoU0zQ9taXlldW29tFHe3Nre2dX39jsiyTgmbZywhPcCJAijMWlLKhnppZygKGCkG4wvpn73lnBBk/haTlLiRWgY0wHFSCrJ1w9dSVlIchePaOHnVnGTu2lU+HrFNCy72nDq0DRqpmlXa4o0ao5ddaBlmDNUwAItX393wwRnEYklZkiIvmWm0ssRlxQzUpTdTJAU4TEakr6iMYqI8PLZ/QU8UUoIBwlXFUs4U79P5CgSYhIFqjNCciR+e1PxL6+fyYHj5TROM0liPF80yBiUCZyGAUPKCZZsogjCnKpbIR4hjrBUkZVVCF+fwv9J50wFZTSu7ErzfBFHCRyBY3AKLFAHTXAJWqANMLgDD+AJPGv32qP2or3OW5e0xcwB+AHt7RNMd5b5</latexit>

M�̃±
1

<latexit sha1_base64="eIlAI7xnmB3aZSOQY5wI7xGLkaE=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRSUHdFN26ECvYBTQyTyaQdOjMJMxOhDAE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPlFEilet+W6Wl5ZXVtfJ6ZWNza3vH3t1ryzQXCLdQSlPRjaDElHDcUkRR3M0EhiyiuBMNr8Z+5wELSVJ+p0YZDhjsc5IQBJWRQvvgJtS+IjTG2kcDUoTaK+61n7GiCO2qW3MncBaJNyNVMEMztL/8OEU5w1whCqXseW6mAg2FIojiouLnEmcQDWEf9wzlkGEZ6MkPhXNslNhJUmGKK2ei/p7QkEk5YpHpZFAN5Lw3Fv/zerlKzgNNeJYrzNF0UZJTR6XOOBAnJgIjRUeGQCSIudVBAyggUia2ignBm395kbRPa169dnFbrzYuZ3GUwSE4AifAA2egAa5BE7QAAo/gGbyCN+vJerHerY9pa8mazeyDP7A+fwAB+Jhs</latexit>
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<latexit sha1_base64="+OlhfQjRseijHcHJ+zBi1Acs5Ds=">AAACFXicbVDLSsNAFJ34tr6iLt0MFtGFlKQI6kIQ3bgRFOwDmhgmk6kdOnk4cyOUIT/hxl9x40IRt4I7/8Zpm4WvAxcO59zLvfeEmeAKHOfTmpicmp6ZnZuvLCwuLa/Yq2tNleaSsgZNRSrbIVFM8IQ1gINg7UwyEoeCtcL+6dBv3TGpeJpcwSBjfkxuEt7llICRAnvXU7cStNoujnDdo1EK+DzQHnARMe3RHi8C7RbX2sviogjsqlNzRsB/iVuSKipxEdgfXpTSPGYJUEGU6rhOBr4mEjgVrKh4uWIZoX1ywzqGJiRmytejrwq8ZZQId1NpKgE8Ur9PaBIrNYhD0xkT6Knf3lD8z+vk0D3wNU+yHFhCx4u6ucCQ4mFEOOKSURADQwiV3NyKaY9IQsEEWTEhuL9f/kua9Zq7Vzu83Ksen5RxzKENtIl2kIv20TE6QxeogSi6R4/oGb1YD9aT9Wq9jVsnrHJmHf2A9f4FQGKfjQ==</latexit>

•   Reduced CM energy: • In rest frame of charginosp
s0|thres = 2 ·M�̃±

1

<latexit sha1_base64="Pv5DIsFwrw1KU5Frahkxr0y7GAY=">AAACHnicbVDJSgNBEO1xN25Rj14ag+gpzIiiHgTRixdBwUQhE4eenopp0rPYXSOEdr7Ei7/ixYMigif9GzvLwe1BweO9KqrqhZkUGl330xkZHRufmJyaLs3Mzs0vlBeX6jrNFYcaT2WqLkOmQYoEaihQwmWmgMWhhIuwc9TzL25BaZEm59jNoBmz60S0BGdopaC87esbhUav3wUG2wp0UezTTZ9HKdKTwPgoZATG521RBMYrroyfxUURlCtu1e2D/iXekFTIEKdB+d2PUp7HkCCXTOuG52bYNEyh4BKKkp9ryBjvsGtoWJqwGHTT9N8r6JpVItpKla0EaV/9PmFYrHU3Dm1nzLCtf3s98T+vkWNrt2lEkuUICR8sauWSYkp7WdFIKOAou5YwroS9lfI2U4yjTbRkQ/B+v/yX1Der3lZ172yrcnA4jGOKrJBVskE8skMOyDE5JTXCyT15JM/kxXlwnpxX523QOuIMZ5bJDzgfX1KQo+A=</latexit>

s0 = s� 2
p
sE�

<latexit sha1_base64="GI9Pz2d/C6F+QFgH/x+uGNS+A2o=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3ViSUlAXQlEElxXsA5oQJtNJO3QmiTMToYS48VfcuFDErX/hzr9x2mahrQcuHM65l3vv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7w6ux334gQtIovFOjmLgc9UMaUIyUljxzTx5dyJOqI++FSmV27aVOH3GOMs8sWxVrAjhP7JyUQY6GZ345vQgnnIQKMyRl17Zi5aZIKIoZyUpOIkmM8BD1SVfTEHEi3XTyQQYPtdKDQSR0hQpO1N8TKeJSjrivOzlSAznrjcX/vG6igjM3pWGcKBLi6aIgYVBFcBwH7FFBsGIjTRAWVN8K8QAJhJUOraRDsGdfnietasWuVc5va+X6ZR5HEeyDA3AMbHAK6uAGNEATYPAInsEreDOejBfj3fiYthaMfGYX/IHx+QNX+Zbc</latexit>

Previous analysis
| Hadron Production in Photon-Photon processes | Swathi Sasikumar,16 March 2021
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Recoil mass  

✦ Shape of recoil mass distribution different than previous analysis 

✦ Low recoil mass region less populated due to harsher cuts 

✦ Due to lack of MC data, large weights applied on events      spiked around signal 
end point !  large errors  

✦ No cuts found to reduce background in the high recoil mass region

)

<latexit sha1_base64="LBdA9wIWke69jEIoKKPlyYEdoA8=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0liqe2t6MVjFfsBTSib7aZdusmG3YlSSv+GFw+KePXPePPfuGkrqOiDgcd7M8zMCxLBNdj2h5VbWV1b38hvFra2d3b3ivsHbS1TRVmLSiFVNyCaCR6zFnAQrJsoRqJAsE4wvsz8zh1Tmsv4FiYJ8yMyjHnIKQEjed4NH46AKCXvC/1iyS7bds2uV7EhZ1Wn5mak4tarLnaMlaGElmj2i+/eQNI0YjFQQbTuOXYC/pQo4FSwWcFLNUsIHZMh6xkak4hpfzq/eYZPjDLAoVSmYsBz9fvElERaT6LAdEYERvq3l4l/eb0Uwpo/5XGSAovpYlGYCgwSZwHgAVeMgpgYQqji5lZMR0QRCiamLISvT/H/pO2WnUq5fl0pNS6WceTRETpGp8hB56iBrlATtRBFCXpAT+jZSq1H68V6XbTmrOXMIfoB6+0TLQaRzw==</latexit>

)

<latexit sha1_base64="LBdA9wIWke69jEIoKKPlyYEdoA8=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0liqe2t6MVjFfsBTSib7aZdusmG3YlSSv+GFw+KePXPePPfuGkrqOiDgcd7M8zMCxLBNdj2h5VbWV1b38hvFra2d3b3ivsHbS1TRVmLSiFVNyCaCR6zFnAQrJsoRqJAsE4wvsz8zh1Tmsv4FiYJ8yMyjHnIKQEjed4NH46AKCXvC/1iyS7bds2uV7EhZ1Wn5mak4tarLnaMlaGElmj2i+/eQNI0YjFQQbTuOXYC/pQo4FSwWcFLNUsIHZMh6xkak4hpfzq/eYZPjDLAoVSmYsBz9fvElERaT6LAdEYERvq3l4l/eb0Uwpo/5XGSAovpYlGYCgwSZwHgAVeMgpgYQqji5lZMR0QRCiamLISvT/H/pO2WnUq5fl0pNS6WceTRETpGp8hB56iBrlATtRBFCXpAT+jZSq1H68V6XbTmrOXMIfoB6+0TLQaRzw==</latexit>
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Fitted recoil mass
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✦ Chargino masses using fitted values: 

• dM1600 :                                  GeV   (pre:                   GeV) 

• dM770 :                                  GeV     (pre:                  GeV) 

✦ Input value: dM1600      165.77 GeV and dM770         167.36 GeV 

✦ Uncertainty higher than expected       lack of MC statistics 

✦ Even with     3 % uncertainty results obtained highly precise  

M�̃±
1
= 164.9± 2.7

<latexit sha1_base64="ohVBQn82dSTlmfNGpXsZCsw3IlQ=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoKiSlWF0IRTduhAr2AU0Mk8mkHTp5MDMRSsgvuPFX3LhQxK07d/6N0zYLbT1w4cw59zL3Hi9hVEjT/NZKK6tr6xvlzcrW9s7unr5/0BVxyjHp4JjFvO8hQRiNSEdSyUg/4QSFHiM9b3w19XsPhAsaR3dykhAnRMOIBhQjqSRXr924mS0p80lm4xHN3czK7zM7CfMcXkDrtGGcq0fdaLp61TTMGeAysQpSBQXarv5l+zFOQxJJzJAQA8tMpJMhLilmJK/YqSAJwmM0JANFIxQS4WSzi3J4ohQfBjFXFUk4U39PZCgUYhJ6qjNEciQWvan4nzdIZXDmZDRKUkkiPP8oSBmUMZzGA33KCZZsogjCnKpdIR4hjrBUIVZUCNbiycukWzcsldtto9q6LOIogyNwDGrAAk3QAtegDToAg0fwDF7Bm/akvWjv2se8taQVM4fgD7TPH7iwnEc=</latexit>

M�̃±
1
= 160.3± 3.8

<latexit sha1_base64="XKNyxb0sOhJdGUKjoxrsPfY7vZY=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoKiRatC6Eohs3QgX7gCaGyWTSDp08mJkIJeQX3Pgrblwo4tadO//GaZuFth64cOace5l7j5cwKqRpfmulpeWV1bXyemVjc2t7R9/d64g45Zi0ccxi3vOQIIxGpC2pZKSXcIJCj5GuN7qa+N0HwgWNozs5TogTokFEA4qRVJKr127czJaU+SSz8ZDmbmbl95mdhHkOL6B1ahon6nFiNFy9ahrmFHCRWAWpggItV/+y/RinIYkkZkiIvmUm0skQlxQzklfsVJAE4REakL6iEQqJcLLpRTk8UooPg5iriiScqr8nMhQKMQ491RkiORTz3kT8z+unMmg4GY2SVJIIzz4KUgZlDCfxQJ9ygiUbK4Iwp2pXiIeIIyxViBUVgjV/8iLpHBtW3Ti/rVebl0UcZXAADkENWOAMNME1aIE2wOARPINX8KY9aS/au/Yxay1pxcw++APt8wesTpw/</latexit>
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| Hadron Production in Photon-Photon processes | Swathi Sasikumar,16 March 2021
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Conclusion

• Light higgsinos can be measured at ILC even in the presence of  low pT 
hadron overlay 

• The track grouping algorithm facilitates an effective separation of signal and 
overlay tracks  

• Key observables like the chargino mass and polarized cross section can be 
measured with few percent uncertainty 

• Even with statistical uncertainties worsening due to presence of overlay to about 
~3%, the obtained results are highly precise

�� !

| Hadron Production in Photon-Photon processes | Swathi Sasikumar,16 March 2021
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Atlas exclusion limit plots

• Data taken after first year of run at 
13 TeV compared with data taken 
after 3 years 

• The region of sub-GeV mass range 
still unexplored



Swathi  Sasikumar  |  Hadron Production in  photon-photon processes  |  25-09-2020 |  Page  

Photons in e+e- collider

>e+e- beams accompanied by photons: 

>Real Photons: 

Beamstrahlung - emission of real 
photons in high electrical field of 
oncoming bunch 

>Virtual Photons: 

Weiszaecker-Williams process - 
emission of virtual photons interacting 
with oncoming photon or electron

!31
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Modeling of          low pT hadron events

‣      overlay generated by two MC generators 

•          < 2 GeV Barklow generator 

•           > 2 GeV Pythia 

‣ Detailed study on generators performed 

‣ Until recently a very simpler version of 
Barklow generator used         

• no neutral mesons 

•  no natural width for    - meson 

‣ The mass        = 770 MeV and      = 145 MeV

| Hadron Production in Photon-Photon processes | Swathi Sasikumar, 25 September 2020
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Modeling of          low pT hadron events

‣      overlay generated by two MC generators 

•          < 2 GeV Barklow generator 

•           > 2 GeV Pythia 

‣ Detailed study on generators performed 

‣ Until recently a very simpler version of 
Barklow generator used         

• no neutral mesons 

•  no natural width for    - meson 

‣ The mass        = 770 MeV and      = 145 MeV

| Hadron Production in Photon-Photon processes | Swathi Sasikumar, 25 September 2020
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Improvements in the Barklow generator

‣ Improvements implemented in Barklow 
generator for           < 2 GeV 

‣ Event properties before improvements:  

• Barklow generator produced          low pT 
hadron processes with very simple events 

• No neutral mesons included      no     or  

‣ Event properties after improvements: 

• Events like  
produced 

• Neutral particles produced

| Hadron Production in Photon-Photon processes | Swathi Sasikumar, 25 September 2020
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Detailed study of d0 parameter
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>  Longer lifetime - high d0 for chargino decay tracks 

>  d0 significance for signal and background better separated 

>   Tracks with highest d0 significance removed as one signal track          
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High d0 value comparison
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Flow chart for algorithm
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Semi-leptonic selection for charginos dM1600
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pi/lep 1 trk grp 2 trk grp 3 trk grp More trk 
grp

1 trk grp 8.5 1.3 0.44 0.4

2 trk grp 1.6 0.6 0.35 0.24

3 trk grp 0.6 0.2 0.13 0.20

more trk 
grp

0.35 0.37 0.11 0.17

Both tracks in one group - 84% 2trk =61%, 3trk= 15%, 4trk = 
5%, more = 3.2%

> Total events  

> two tracks  - 64% 

> three tracks  - 17% 

> four track - 8% 

> one track  - 11%

Reco - levelTruth - level
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Semi-lep selection for tau events dM1600
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pi/lep 1 trk 
grp

2 trk 
grp

3 trk 
grp

More 
trk grp

1 trk 
grp

42 4 3.1 0.7

2 trk 
grp

4.1 2.3 0.6 0.7

3 trk 
grp

2.4 0.16 0.12 0.2

more 
trk grp

0.5 0.30 0 0.17

Both tracks in one group - 38.3, 2trk - 29, 3trk = 5.2, 4trk = 3, more = 1.2

> Total events  

> two tracks   - 23 % 

> three tracks - 20% 

> four track  - 45% 

> One track  - 12%

Reco - levelTruth - level
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Semi-leptonic selection procedure dM1600
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High d0 track
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Both tracks reconstructed high d0
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Semi-leptonic selection efficiency
dM1600 scenario
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Charginos dM770 true selection
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pi/lep d0 1 trk grp 2 trk grp 3 trk grp More trk 
grp

d0 ✖ 39 6.4 2.7 1

1 trk grp 30 5.4 1.45 0.58 0.27

2 trk grp 5.6 0.64 0.62 0.2 0.14

3 trk grp 2.3 0.39 0.16 0.66 0.1

more trk 
grp

0.76 0.12 0.16 0.08 0

> True distribution of semi-leptonic tracks in the groups for dM770

Both tracks in one - 5
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Semi-leptonic selection matrix for charginos
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pi/lep d0 1 trk grp 2 trk grp 3 trk grp

d0 ✖ 31 7.5 3.3

1 trk grp 35 3.17 ✖ ✖

2 trk grp 14 ✖ ✖ ✖

3 trk grp 2.8 ✖ ✖ ✖

> With semi-leptonic selection on reco-level for dM770

Both tracks in one group - 3.1
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Tau true selection dM770
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pi/lep d0 1 trk grp 2 trk grp 3 trk grp More trk 
grp

d0 ✖ 42.4 6.9 5.2 1.27

1 trk grp 32 0.24 0.36 0.012 0.012

2 trk grp 4.7 0.15 0.05 0.06 0.012

3 trk grp 3.9 0.012 0.045 0 0

more trk 
grp

0.66 0.05 0 0.025 0

Both tracks in one group - 1.8
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Semi-leptonic selection matrix for tau  dM770
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pi/lep d0 1 trk grp 2 trk grp 3 trk grp

d0 ✖ 24.5 7.9 5.9

1 trk grp 42 1.3 ✖ ✖

2 trk grp 10.3 ✖ ✖ ✖

3 trk grp 4 ✖ ✖ ✖

Both tracks in one group - 3.6

Reco Level
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Semi-leptonic selection procedure dM770 
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Semi-leptonic selection efficiency
dM770 scenario
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Semi-leptonic selection efficiency
dM770 scenario
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Energy criteria
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Energy case 1 
Esl versus Eneutral+Eother_trks < 5 GeV



!53

Esl +  Eneutral versus ESL+Eother_trks < 5 GeV

Energy case 2 
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Energy case 3
Energy of all particles < 5 GeV
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• Any photon with E > 10 GeV & |cos 
theta| >0.993 qualifies for ISR 
particularly in tau events 

• Angle between ISR candidate and 
nearest track be larger 

• Invariant mass of the ISR candidate 
and nearest track <       < 1.7 GeV

New selection cuts

M ⌧
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Comparison with HS-analysis

✦ Region near end point decisive for mass reconstruction 

✦ Large errors due to lack of statistics at the endpoint 

✦ With the average of first three bins: 

• dM1600         40% worse signal, 30% less bkg 

• dM770 !   37% worse, twice more background 

✦ Uncertainties on mass and cross sections depend on amount of background 
in the same region

)
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Model Properties for event selection

✦ The charginos are produced as  

✦ The exclusive decay mode:  

• dM1600=> 30.5%,  

• dM770=> 35%  
         

Production process and decay modes
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•  Lepton from di-leptonic events 
along with pions from overlay mimic 
the semi-lep signatures 

• Events with oppositely charged extra 
lepton to the selected candidate, 
vetoed

New selection cuts

| Hadron Production in Photon-Photon processes | Swathi Sasikumar, 25 September 2020
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Recoil mass fitting

• Standard model background fitted and fixed using an exponential function 

• p1+p2.x+p3.e-p4x  => p2(x-2p1)+p3.e-p4x
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Swathi Sasikumar  |  Hadron Production in photon-photon processes  |  25-09-2020  |  Page 

Track grouping algorithm with pair background

> With the inclusion of e+e- pair background does not affect the track grouping 
algorithm efficiency significantly 

> Pure background group number is higher but the groups with signal and 
background incorrectly combined only 18-22%
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Swathi  Sasikumar  |  Hadron Production in  photon-photon processes  |  17-06-2020 |  Page  

Mass difference using boosted energy

>Boost energy of pions in chargino pair frame 
< 3 GeV 

>Chargino decay for dM1600 -       and        
with BR - 28 % 

>Event selection based on charged tracks 

>Important to have methods to find right 
photons decayed from

!61

⇡±

<latexit sha1_base64="49Pu2MnyKDeI26Smv9R1fKzomA8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXisYD+ku5ZsmrahSTYkWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vcLK6tr6RnGztLW9s7tX3j9omiTVhDZIwhPdjrGhnEnasMxy2laaYhFz2opHN1O/9US1YYm8t2NFI4EHkvUZwdZJD6Fij1moxKRbrvhVfwa0TIKcVCBHvVv+CnsJSQWVlnBsTCfwlY0yrC0jnE5KYWqowmSEB7TjqMSCmiibHTxBJ07poX6iXUmLZurviQwLY8Yidp0C26FZ9Kbif14ntf3LKGNSpZZKMl/UTzmyCZp+j3pMU2L52BFMNHO3IjLEGhPrMiq5EILFl5dJ86wanFev7s4rtes8jiIcwTGcQgAXUINbqEMDCAh4hld487T34r17H/PWgpfPHMIfeJ8/H5OQpA==</latexit>

! 0

<latexit sha1_base64="me0KizMqhz3DHBLWqVVC/N7/gag=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQb0VvXisYD+gXUs2zbah2WxIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++4lpwxP5YCeKBTEZSh5xSqyT2j3FHzNv2i9XvKo3B14lfk4qkKPRL3/1BglNYyYtFcSYru8pG2REW04Fm5Z6qWGK0DEZsq6jksTMBNn83Ck+c8oAR4l2JS2eq78nMhIbM4lD1xkTOzLL3kz8z+umNroKMi5Vapmki0VRKrBN8Ox3POCaUSsmjhCqubsV0xHRhFqXUMmF4C+/vEpaF1W/Vr2+r1XqN3kcRTiBUzgHHy6hDnfQgCZQGMMzvMIbUugFvaOPRWsB5TPH8Afo8wc9oo+H</latexit>

! 0

<latexit sha1_base64="me0KizMqhz3DHBLWqVVC/N7/gag=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQb0VvXisYD+gXUs2zbah2WxIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++4lpwxP5YCeKBTEZSh5xSqyT2j3FHzNv2i9XvKo3B14lfk4qkKPRL3/1BglNYyYtFcSYru8pG2REW04Fm5Z6qWGK0DEZsq6jksTMBNn83Ck+c8oAR4l2JS2eq78nMhIbM4lD1xkTOzLL3kz8z+umNroKMi5Vapmki0VRKrBN8Ox3POCaUSsmjhCqubsV0xHRhFqXUMmF4C+/vEpaF1W/Vr2+r1XqN3kcRTiBUzgHHy6hDnfQgCZQGMMzvMIbUugFvaOPRWsB5TPH8Afo8wc9oo+H</latexit>

[GeV]πE*
0 2 4 6 8 10

En
tri

es
 / 

0.
2 

G
eV

1

10

210



!62

Neutralino studies

• The  overlay removal is performed 
with the use of the tracks 

• In the previous analysis, photon 
decay channel chosen for analysis 

• To apply the group tracking 
algorithm the hadronic decay 
channel can be used 

• BR for dM770 much smaller 

• Challenging to remove the chargino 
background with selection of this 
channel 
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Perfect particle id problem
✦ The semi-leptonic selection in the current analysis made by cheating MC truth 

information 

✦ Similar to previous study where perfect particle id assumed through fast 
simulation 

✦ At low pT the distinguishing       and      becomes challenging 

✦ dE/dx method not as efficient as for      and  

✦ Method developed by Hale Sert to distinguish       and       using cluster shape 

✦ The efficiency to select true semi-leptonic events with       combination on 
reconstruction level is 80% 
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Beam Polarisation
• s-channel allows LR and RL polarization (J=1 for mediator) 

• for new physics => spin can be zero thus also allowing LL and RR 

• in t-channel => all combinations allowed
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Missing four-momentum

• Signal - 0%,                   - 64%
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Outlook

• Analysis including e+e- pair background  

• Perfect particle id assumed since PID cheated from MC data - method to separate 
low momentum pions and muons developed by Hale 

• Reconstruction of mass difference  

• Further improvements: better tracking for low pT tracks, inclusion of TOF
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