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INTRODUCTION
• current ATLAS/CMS searches for light LLPs limited by


• SM backgrounds (calorimeter not thick enough to veto SM)


• LLPs decay to few charged particles (# tracks controlled by )mLLP

• recent CMS search looking for clusters in the endcap muon detector system ameliorates these problems 


• Steel  LLPs decay products can shower 


• Shower  signature tracks  rather than 

• Steel  exceptional shielding from SM backgrounds 

→
→ ELLP mLLP

→

• we use public data to recast the analysis for


• Higgs decays into scalar/dark photon (closest to the model considered in the original CMS analysis, decoupled production 
and decay channels)


• Inelastic Dark Matter (decouples  from MET)


• Axion-like particles (production and decay channels controlled by the same parameter, enhanced production at high )


• Dark showers (studies the impact of isolation cuts)

ELLP

ELLP

https://www.hepdata.net/record/104408
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RECAST STRATEGY
Event Generation

MadGraph + Pythia8 generate the hard 
processes, shower, and hadronize them

loose generator level cuts (MET cut, isolation 
veto, ecc..) are applied to increase statistics

Custom Decayer

Detector simulation

given LLP lifetime and energy derive the 
probability to decay in each detector region 


by using Pythia8 generates a decay event in 
each detector region and weights it with the 

probability to decay in that region

uses Delphes, with the publicly available module to 
take to account cluster and cut-based ID 

effi
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RECAST STRATEGY
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RECAST STRATEGY
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cluster efficiency region A

cut-based ID for region B

cluster efficiency region B

Event Generation

MadGraph + Pythia8 generate the hard 
processes, shower, and hadronize them

loose generator level cuts (MET cut, isolation 
veto, ecc..) are applied to increase statistics

Custom Decayer

Detector simulation

given LLP lifetime and energy derive the 
probability to decay in each detector region 


by using Pythia8 generates a decay event in 
each detector region and weights it with the 

probability to decay in that region

uses Delphes, with the publicly available module to 
take into account cluster and cut-based ID 

efficiencies for LLPs decays



RESULTS FOR BENCHMARK MODELS
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• potential for S chosen such 
that S does not develop a 

vev


• mS ∼ μ2
S + λHSv2 ≪ mH

LIGHT SCALAR
<latexit sha1_base64="Tdic8yEf1dnW347TB5kQ+MH/0WY="></latexit>
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Ĥ

<latexit sha1_base64="WAQRs/RwocUkDywNDYNkbE6i/zw=">AAAB/XicbVC7TsMwFHV4lvIKj43FokJiqhJAwFgBAwNDEfQhNVHkuE5r1XYi20EqUcSvsDCAECv/wcbf4LQdoOVIlo7OuVf3+IQJo0o7zrc1N7+wuLRcWimvrq1vbNpb200VpxKTBo5ZLNshUoRRQRqaakbaiSSIh4y0wsFl4bceiFQ0Fvd6mBCfo56gEcVIGymwdz2OdB8jlt3kQeZJDq/u8sCuOFVnBDhL3AmpgAnqgf3ldWOcciI0Zkipjusk2s+Q1BQzkpe9VJEE4QHqkY6hAnGi/GyUPocHRunCKJbmCQ1H6u+NDHGlhjw0k0VWNe0V4n9eJ9XRuZ9RkaSaCDw+FKUM6hgWVcAulQRrNjQEYUlNVoj7SCKsTWFlU4I7/eVZ0jyquqfV49uTSu1iUkcJ7IF9cAhccAZq4BrUQQNg8AiewSt4s56sF+vd+hiPzlmTnR3wB9bnD3nulT4=</latexit>

LDS
<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit>

n
<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit>

n Higgs portal
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production decay

<latexit sha1_base64="CZyV1Jerq01rP5aY6Gyf9Ik5HzI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Q5ZHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbDBjN8=</latexit>

S

<latexit sha1_base64="CZyV1Jerq01rP5aY6Gyf9Ik5HzI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Q5ZHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbDBjN8=</latexit>

S

<latexit sha1_base64="CZyV1Jerq01rP5aY6Gyf9Ik5HzI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Q5ZHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbDBjN8=</latexit>

S
<latexit sha1_base64="CZyV1Jerq01rP5aY6Gyf9Ik5HzI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Q5ZHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbDBjN8=</latexit>

S

<latexit sha1_base64="CZyV1Jerq01rP5aY6Gyf9Ik5HzI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Q5ZHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbDBjN8=</latexit>

S

<latexit sha1_base64="CZyV1Jerq01rP5aY6Gyf9Ik5HzI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Q5ZHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbDBjN8=</latexit>

S

<latexit sha1_base64="n7BrXh4sh8/kg3TuyXVz8Fz7i+o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVh71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0JWM9A==</latexit>

h

<latexit sha1_base64="NkWf0Kg4nAsuSKaCPhz5f5h5MM4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVW71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHttGM4w==</latexit>

W
<latexit sha1_base64="NkWf0Kg4nAsuSKaCPhz5f5h5MM4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVW71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHttGM4w==</latexit>

W
<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="msFh/IcEi0Xo9klND2puvK27yng=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmoX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDx32M7g==</latexit>

b
<latexit sha1_base64="msFh/IcEi0Xo9klND2puvK27yng=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmoX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDx32M7g==</latexit>

b
<latexit sha1_base64="Ur3bwuRHFK2CUZPXmyn78fHISgA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzUL8vV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4UGM/w==</latexit>s <latexit sha1_base64="Ur3bwuRHFK2CUZPXmyn78fHISgA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzUL8vV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4UGM/w==</latexit>s

<latexit sha1_base64="5fd1FL6LLCb1cC6wxy9wbb24Q0M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM12067dbMLuRCihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7ql+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB4sWNAA==</latexit>

t
<latexit sha1_base64="5fd1FL6LLCb1cC6wxy9wbb24Q0M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM12067dbMLuRCihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7ql+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB4sWNAA==</latexit>

t<latexit sha1_base64="12VY0hiAEeyqpLGnaym8OZUErMo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxWNF+wFtKJvtpl26uwm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmFldW19o7hZ2tre2d0r7x80TZxqyho0FrFuh8QwwRVrIEfB2olmRIaCtcLR7dRvPTFteKwecZywQJKB4hGnBK30IHvYK1e8qjeDu0z8nFQgR71X/ur2Y5pKppAKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JFJDNBNjt14p5Ype9Gsbal0J2pvycyIo0Zy9B2SoJDs+hNxf+8TorRdZBxlaTIFJ0vilLhYuxO/3b7XDOKYmwJoZrbW106JJpQtOmUbAj+4svLpHlW9S+r5/cXldpNHkcRjuAYTsGHK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBjFo3g</latexit>mt
<latexit sha1_base64="12VY0hiAEeyqpLGnaym8OZUErMo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxWNF+wFtKJvtpl26uwm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmFldW19o7hZ2tre2d0r7x80TZxqyho0FrFuh8QwwRVrIEfB2olmRIaCtcLR7dRvPTFteKwecZywQJKB4hGnBK30IHvYK1e8qjeDu0z8nFQgR71X/ur2Y5pKppAKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JFJDNBNjt14p5Ype9Gsbal0J2pvycyIo0Zy9B2SoJDs+hNxf+8TorRdZBxlaTIFJ0vilLhYuxO/3b7XDOKYmwJoZrbW106JJpQtOmUbAj+4svLpHlW9S+r5/cXldpNHkcRjuAYTsGHK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBjFo3g</latexit>mt

<latexit sha1_base64="O6lqHlqwKSfU/7X+z63Q4nQaaj8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxWMFmxbaUDbbbbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZelAhu0PO+ncLK6tr6RnGztLW9s7tX3j8IjEo1ZQ2qhNKtiBgmuGQN5ChYK9GMxJFgzWh0O/WbT0wbruQDjhMWxmQgeZ9TglYKgm6GZtItV7yqN4O7TPycVCBHvVv+6vQUTWMmkQpiTNv3EgwzopFTwSalTmpYQuiIDFjbUkliZsJsdu3EPbFKz+0rbUuiO1N/T2QkNmYcR7YzJjg0i95U/M9rp9i/DjMukxSZpPNF/VS4qNzp626Pa0ZRjC0hVHN7q0uHRBOKNqCSDcFffHmZBGdV/7J6fn9Rqd3kcRThCI7hFHy4ghrcQR0aQOERnuEV3hzlvDjvzse8teDkM4fwB87nD9n/j1I=</latexit>

Vts
<latexit sha1_base64="O6lqHlqwKSfU/7X+z63Q4nQaaj8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxWMFmxbaUDbbbbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZelAhu0PO+ncLK6tr6RnGztLW9s7tX3j8IjEo1ZQ2qhNKtiBgmuGQN5ChYK9GMxJFgzWh0O/WbT0wbruQDjhMWxmQgeZ9TglYKgm6GZtItV7yqN4O7TPycVCBHvVv+6vQUTWMmkQpiTNv3EgwzopFTwSalTmpYQuiIDFjbUkliZsJsdu3EPbFKz+0rbUuiO1N/T2QkNmYcR7YzJjg0i95U/M9rp9i/DjMukxSZpPNF/VS4qNzp626Pa0ZRjC0hVHN7q0uHRBOKNqCSDcFffHmZBGdV/7J6fn9Rqd3kcRThCI7hFHy4ghrcQR0aQOERnuEV3hzlvDjvzse8teDkM4fwB87nD9n/j1I=</latexit>

Vts<latexit sha1_base64="dmqKQZohdSl2FnJUZ327NDpRSno=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIqMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzcRvPqHSPJYPZpSgH9G+5CFn1FjpfvB42i2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5ueOibHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhFd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFG0I3vzLi6RxVvEuKt7debl6ncdRgEM4ghPw4BKqcAs1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz/pGI2O</latexit>

h⇤

LIGHT SCALAR
<latexit sha1_base64="Tdic8yEf1dnW347TB5kQ+MH/0WY="></latexit>
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†
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<latexit sha1_base64="WAQRs/RwocUkDywNDYNkbE6i/zw=">AAAB/XicbVC7TsMwFHV4lvIKj43FokJiqhJAwFgBAwNDEfQhNVHkuE5r1XYi20EqUcSvsDCAECv/wcbf4LQdoOVIlo7OuVf3+IQJo0o7zrc1N7+wuLRcWimvrq1vbNpb200VpxKTBo5ZLNshUoRRQRqaakbaiSSIh4y0wsFl4bceiFQ0Fvd6mBCfo56gEcVIGymwdz2OdB8jlt3kQeZJDq/u8sCuOFVnBDhL3AmpgAnqgf3ldWOcciI0Zkipjusk2s+Q1BQzkpe9VJEE4QHqkY6hAnGi/GyUPocHRunCKJbmCQ1H6u+NDHGlhjw0k0VWNe0V4n9eJ9XRuZ9RkaSaCDw+FKUM6hgWVcAulQRrNjQEYUlNVoj7SCKsTWFlU4I7/eVZ0jyquqfV49uTSu1iUkcJ7IF9cAhccAZq4BrUQQNg8AiewSt4s56sF+vd+hiPzlmTnR3wB9bnD3nulT4=</latexit>

LDS
<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit>

n
<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit>

n Higgs portal

controls the 
 mixingĤ − ̂S

controls 
Br(H → SS)

• potential for S chosen such 
that S does not develop a 

vev


• mS ∼ μ2
S + λHSv2 ≪ mH
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<latexit sha1_base64="Tdic8yEf1dnW347TB5kQ+MH/0WY="></latexit>

LSH = LSM +
1

2
@µŜ @

µ
Ŝ � µ

2
S

2
Ŝ
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⇣
AHS Ŝ + �HS Ŝ

2
⌘
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†
Ĥ

<latexit sha1_base64="WAQRs/RwocUkDywNDYNkbE6i/zw=">AAAB/XicbVC7TsMwFHV4lvIKj43FokJiqhJAwFgBAwNDEfQhNVHkuE5r1XYi20EqUcSvsDCAECv/wcbf4LQdoOVIlo7OuVf3+IQJo0o7zrc1N7+wuLRcWimvrq1vbNpb200VpxKTBo5ZLNshUoRRQRqaakbaiSSIh4y0wsFl4bceiFQ0Fvd6mBCfo56gEcVIGymwdz2OdB8jlt3kQeZJDq/u8sCuOFVnBDhL3AmpgAnqgf3ldWOcciI0Zkipjusk2s+Q1BQzkpe9VJEE4QHqkY6hAnGi/GyUPocHRunCKJbmCQ1H6u+NDHGlhjw0k0VWNe0V4n9eJ9XRuZ9RkaSaCDw+FKUM6hgWVcAulQRrNjQEYUlNVoj7SCKsTWFlU4I7/eVZ0jyquqfV49uTSu1iUkcJ7IF9cAhccAZq4BrUQQNg8AiewSt4s56sF+vd+hiPzlmTnR3wB9bnD3nulT4=</latexit>

LDS
<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit>

n
<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit>

n
production decay

<latexit sha1_base64="CZyV1Jerq01rP5aY6Gyf9Ik5HzI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Q5ZHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbDBjN8=</latexit>

S

<latexit sha1_base64="CZyV1Jerq01rP5aY6Gyf9Ik5HzI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Q5ZHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbDBjN8=</latexit>

S

<latexit sha1_base64="CZyV1Jerq01rP5aY6Gyf9Ik5HzI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Q5ZHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbDBjN8=</latexit>

S
<latexit sha1_base64="CZyV1Jerq01rP5aY6Gyf9Ik5HzI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Q5ZHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbDBjN8=</latexit>

S

<latexit sha1_base64="CZyV1Jerq01rP5aY6Gyf9Ik5HzI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Q5ZHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbDBjN8=</latexit>

S

<latexit sha1_base64="CZyV1Jerq01rP5aY6Gyf9Ik5HzI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Q5ZHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbDBjN8=</latexit>

S

<latexit sha1_base64="n7BrXh4sh8/kg3TuyXVz8Fz7i+o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVh71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0JWM9A==</latexit>

h

<latexit sha1_base64="NkWf0Kg4nAsuSKaCPhz5f5h5MM4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVW71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHttGM4w==</latexit>

W
<latexit sha1_base64="NkWf0Kg4nAsuSKaCPhz5f5h5MM4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVW71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHttGM4w==</latexit>

W
<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="msFh/IcEi0Xo9klND2puvK27yng=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmoX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDx32M7g==</latexit>

b
<latexit sha1_base64="msFh/IcEi0Xo9klND2puvK27yng=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmoX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDx32M7g==</latexit>

b
<latexit sha1_base64="Ur3bwuRHFK2CUZPXmyn78fHISgA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzUL8vV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4UGM/w==</latexit>s <latexit sha1_base64="Ur3bwuRHFK2CUZPXmyn78fHISgA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzUL8vV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4UGM/w==</latexit>s

<latexit sha1_base64="5fd1FL6LLCb1cC6wxy9wbb24Q0M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM12067dbMLuRCihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7ql+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB4sWNAA==</latexit>

t
<latexit sha1_base64="5fd1FL6LLCb1cC6wxy9wbb24Q0M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM12067dbMLuRCihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7ql+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB4sWNAA==</latexit>

t
<latexit sha1_base64="12VY0hiAEeyqpLGnaym8OZUErMo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxWNF+wFtKJvtpl26uwm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmFldW19o7hZ2tre2d0r7x80TZxqyho0FrFuh8QwwRVrIEfB2olmRIaCtcLR7dRvPTFteKwecZywQJKB4hGnBK30IHvYK1e8qjeDu0z8nFQgR71X/ur2Y5pKppAKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JFJDNBNjt14p5Ype9Gsbal0J2pvycyIo0Zy9B2SoJDs+hNxf+8TorRdZBxlaTIFJ0vilLhYuxO/3b7XDOKYmwJoZrbW106JJpQtOmUbAj+4svLpHlW9S+r5/cXldpNHkcRjuAYTsGHK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBjFo3g</latexit>mt

<latexit sha1_base64="12VY0hiAEeyqpLGnaym8OZUErMo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxWNF+wFtKJvtpl26uwm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmFldW19o7hZ2tre2d0r7x80TZxqyho0FrFuh8QwwRVrIEfB2olmRIaCtcLR7dRvPTFteKwecZywQJKB4hGnBK30IHvYK1e8qjeDu0z8nFQgR71X/ur2Y5pKppAKYkzH9xIMMqKRU8EmpW5qWELoiAxYx1JFJDNBNjt14p5Ype9Gsbal0J2pvycyIo0Zy9B2SoJDs+hNxf+8TorRdZBxlaTIFJ0vilLhYuxO/3b7XDOKYmwJoZrbW106JJpQtOmUbAj+4svLpHlW9S+r5/cXldpNHkcRjuAYTsGHK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBjFo3g</latexit>mt

Higgs portal

<latexit sha1_base64="O6lqHlqwKSfU/7X+z63Q4nQaaj8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxWMFmxbaUDbbbbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZelAhu0PO+ncLK6tr6RnGztLW9s7tX3j8IjEo1ZQ2qhNKtiBgmuGQN5ChYK9GMxJFgzWh0O/WbT0wbruQDjhMWxmQgeZ9TglYKgm6GZtItV7yqN4O7TPycVCBHvVv+6vQUTWMmkQpiTNv3EgwzopFTwSalTmpYQuiIDFjbUkliZsJsdu3EPbFKz+0rbUuiO1N/T2QkNmYcR7YzJjg0i95U/M9rp9i/DjMukxSZpPNF/VS4qNzp626Pa0ZRjC0hVHN7q0uHRBOKNqCSDcFffHmZBGdV/7J6fn9Rqd3kcRThCI7hFHy4ghrcQR0aQOERnuEV3hzlvDjvzse8teDkM4fwB87nD9n/j1I=</latexit>

Vts
<latexit sha1_base64="O6lqHlqwKSfU/7X+z63Q4nQaaj8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxWMFmxbaUDbbbbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZelAhu0PO+ncLK6tr6RnGztLW9s7tX3j8IjEo1ZQ2qhNKtiBgmuGQN5ChYK9GMxJFgzWh0O/WbT0wbruQDjhMWxmQgeZ9TglYKgm6GZtItV7yqN4O7TPycVCBHvVv+6vQUTWMmkQpiTNv3EgwzopFTwSalTmpYQuiIDFjbUkliZsJsdu3EPbFKz+0rbUuiO1N/T2QkNmYcR7YzJjg0i95U/M9rp9i/DjMukxSZpPNF/VS4qNzp626Pa0ZRjC0hVHN7q0uHRBOKNqCSDcFffHmZBGdV/7J6fn9Rqd3kcRThCI7hFHy4ghrcQR0aQOERnuEV3hzlvDjvzse8teDkM4fwB87nD9n/j1I=</latexit>

Vts

no reach in this analysis

(mostly because of isolation and MET cuts)

LIGHT SCALAR

controls the 
 mixingĤ − ̂S

controls 
Br(H → SS)

• potential for S chosen such 
that S does not develop a 

vev


• mS ∼ μ2
S + λHSv2 ≪ mH

production and decay channels are decoupled
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<latexit sha1_base64="Tdic8yEf1dnW347TB5kQ+MH/0WY="></latexit>

LSH = LSM +
1

2
@µŜ @

µ
Ŝ � µ

2
S

2
Ŝ
2 �

⇣
AHS Ŝ + �HS Ŝ

2
⌘
Ĥ

†
Ĥ

1 10

mS [GeV]

10°14

10°13

10°12

10°11

10°10

10°9

10°8

10°7

10°6

10°5

10°4

si
n

2
µ

CHARM

LHCb, 3fb°1

HT

+2DV

LSND

mu-ROI
natural

this work (137 fb°1)

1 10

mS [GeV]

CODEX-b

FASER2

LHCb, 300fb°1

MATHUSLA
natural

Br(h ! SS) = 0.01

this work (3 ab°1)

LIGHT SCALAR
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INELASTIC DM

<latexit sha1_base64="qECqoDyl4EXMNSACjSvAgNjOc7Q="></latexit>

L = LSM + ieDX̂µ�̄1�
µ�2 �

✏

2 cos ✓W
X̂µ⌫B̂

µ⌫

the mass hierarchy of the model 
is 

<latexit sha1_base64="hv0FYjrPysVpCF4Avwe4nNndGxA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq0dHvO/3yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vktZF1b+s1u5rlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AypMjt8=</latexit>�1

<latexit sha1_base64="gH2vR7/g1I7WUbRaqDm78PAR9SY=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1S1GPRi8cK9gPapWTTbBubTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo5bRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4dua3n5g2XMkHO0lYEJOh5BGnxDqp1aMj3q/2S2Wv4s2BV4mfkzLkaPRLX72BomnMpKWCGNP1vcQGGdGWU8GmxV5qWELomAxZ11FJYmaCbH7tFJ87ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUdCH4yy+vkla14l9Wave1cv0mj6MAp3AGF+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRuobymRP4A/T5AyvQjuA=</latexit>�2

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X

<latexit sha1_base64="34JyYiXZoWvnbP2prFpLxbYuAq4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/YA2lM1m0y7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4Lx3czvPHFtRKIecZJyP6ZDJSLBKFqpU++HXCIdVKpuzZ2DrBKvIFUo0BxUvvphwrKYK2SSGtPz3BT9nGoUTPJpuZ8ZnlI2pkPes1TRmBs/n587JedWCUmUaFsKyVz9PZHT2JhJHNjOmOLILHsz8T+vl2F04+dCpRlyxRaLokwSTMjsdxIKzRnKiSWUaWFvJWxENWVoEyrbELzll1dJu17zrmrew2W1cVvEUYJTOIML8OAaGnAPTWgBgzE8wyu8Oanz4rw7H4vWNaeYOYE/cD5/AAV1j14=</latexit>

2�

<latexit sha1_base64="ParKZJWk5bplNb0+lD+hU72fB2k=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4KkkR9VjUg8cK9gOaUjabSbt0s4m7m0IJPXvxr3jxoIhXf4E3/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2XLJwo4E1DXTHNoJRJI5HNo+oPr3G8OQSoWi3s9SqATkZ5gIaNEG6lrH3k3wDXBHjykbOiFklCcVbwgF8dZ1HXHXbvklJ0J8CJxZ6SEZqh17S8viGkagdCUE6XarpPoTkakZpTDuOilChJCB6QHbUMFiUB1sskrY3xilACHsTQlNJ6ovycyEik1inzTGRHdV/NeLv7ntVMdXnYyJpJUg6DTRWHKsY5xngsOmASq+cgQQiUzt2LaJyYObdIrmhDc+ZcXSaNSds/L7t1ZqXo1i6OADtExOkUuukBVdItqqI4oekTP6BW9WU/Wi/VufUxbl6zZzAH6A+vzBxK6moQ=</latexit>

� ⌘ 2�

m1
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production decay
<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X

<latexit sha1_base64="hv0FYjrPysVpCF4Avwe4nNndGxA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq0dHvO/3yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vktZF1b+s1u5rlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AypMjt8=</latexit>�1

<latexit sha1_base64="gH2vR7/g1I7WUbRaqDm78PAR9SY=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1S1GPRi8cK9gPapWTTbBubTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo5bRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4dua3n5g2XMkHO0lYEJOh5BGnxDqp1aMj3q/2S2Wv4s2BV4mfkzLkaPRLX72BomnMpKWCGNP1vcQGGdGWU8GmxV5qWELomAxZ11FJYmaCbH7tFJ87ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUdCH4yy+vkla14l9Wave1cv0mj6MAp3AGF+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRuobymRP4A/T5AyvQjuA=</latexit>�2

<latexit sha1_base64="gH2vR7/g1I7WUbRaqDm78PAR9SY=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1S1GPRi8cK9gPapWTTbBubTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo5bRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4dua3n5g2XMkHO0lYEJOh5BGnxDqp1aMj3q/2S2Wv4s2BV4mfkzLkaPRLX72BomnMpKWCGNP1vcQGGdGWU8GmxV5qWELomAxZ11FJYmaCbH7tFJ87ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUdCH4yy+vkla14l9Wave1cv0mj6MAp3AGF+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRuobymRP4A/T5AyvQjuA=</latexit>�2
<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="hv0FYjrPysVpCF4Avwe4nNndGxA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq0dHvO/3yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vktZF1b+s1u5rlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AypMjt8=</latexit>�1

INELASTIC DM

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X

the mass hierarchy of the model 
is 

<latexit sha1_base64="hv0FYjrPysVpCF4Avwe4nNndGxA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq0dHvO/3yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vktZF1b+s1u5rlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AypMjt8=</latexit>�1

<latexit sha1_base64="gH2vR7/g1I7WUbRaqDm78PAR9SY=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1S1GPRi8cK9gPapWTTbBubTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo5bRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4dua3n5g2XMkHO0lYEJOh5BGnxDqp1aMj3q/2S2Wv4s2BV4mfkzLkaPRLX72BomnMpKWCGNP1vcQGGdGWU8GmxV5qWELomAxZ11FJYmaCbH7tFJ87ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUdCH4yy+vkla14l9Wave1cv0mj6MAp3AGF+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRuobymRP4A/T5AyvQjuA=</latexit>�2

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X

<latexit sha1_base64="34JyYiXZoWvnbP2prFpLxbYuAq4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/YA2lM1m0y7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4Lx3czvPHFtRKIecZJyP6ZDJSLBKFqpU++HXCIdVKpuzZ2DrBKvIFUo0BxUvvphwrKYK2SSGtPz3BT9nGoUTPJpuZ8ZnlI2pkPes1TRmBs/n587JedWCUmUaFsKyVz9PZHT2JhJHNjOmOLILHsz8T+vl2F04+dCpRlyxRaLokwSTMjsdxIKzRnKiSWUaWFvJWxENWVoEyrbELzll1dJu17zrmrew2W1cVvEUYJTOIML8OAaGnAPTWgBgzE8wyu8Oanz4rw7H4vWNaeYOYE/cD5/AAV1j14=</latexit>

2�

<latexit sha1_base64="ParKZJWk5bplNb0+lD+hU72fB2k=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4KkkR9VjUg8cK9gOaUjabSbt0s4m7m0IJPXvxr3jxoIhXf4E3/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2XLJwo4E1DXTHNoJRJI5HNo+oPr3G8OQSoWi3s9SqATkZ5gIaNEG6lrH3k3wDXBHjykbOiFklCcVbwgF8dZ1HXHXbvklJ0J8CJxZ6SEZqh17S8viGkagdCUE6XarpPoTkakZpTDuOilChJCB6QHbUMFiUB1sskrY3xilACHsTQlNJ6ovycyEik1inzTGRHdV/NeLv7ntVMdXnYyJpJUg6DTRWHKsY5xngsOmASq+cgQQiUzt2LaJyYObdIrmhDc+ZcXSaNSds/L7t1ZqXo1i6OADtExOkUuukBVdItqqI4oekTP6BW9WU/Wi/VufUxbl6zZzAH6A+vzBxK6moQ=</latexit>

� ⌘ 2�

m1

<latexit sha1_base64="qECqoDyl4EXMNSACjSvAgNjOc7Q="></latexit>

L = LSM + ieDX̂µ�̄1�
µ�2 �

✏

2 cos ✓W
X̂µ⌫B̂

µ⌫

 and MET are decoupledELLP



INELASTIC DM

1 10

m1 [GeV]

10°5

10°4

10°3

10°2

10°1

≤

LEP

BaBar

this work (137 fb°1)

¢ = 0.05 ÆD = 0.1 mA0 = 3m1

1 10

m1 [GeV]

FASER

MATHUSLA

LHCb

LHC(timing)

LHC(DMJ)

CODEX ° b

BelleII

SeaQuest

this work (3 ab°1)

Ecut = 0 GeV
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<latexit sha1_base64="qECqoDyl4EXMNSACjSvAgNjOc7Q="></latexit>

L = LSM + ieDX̂µ�̄1�
µ�2 �

✏

2 cos ✓W
X̂µ⌫B̂

µ⌫



-

<latexit sha1_base64="YZvsfHo6s+iVhFOolHZKkIqqnVc="></latexit>

L =
1

2
(@µa)

2 +
a

4⇡fa

⇣
↵scGG Ga

µ⌫
eGa,µ⌫ + ↵2cWW W a

µ⌫
fW a,µ⌫ + ↵1cBB Bµ⌫

eBµ⌫
⌘
+ . . .ALP

14

<latexit sha1_base64="maY5H75yoLbHAJO0Qagak9JdQn8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3ZWM+w==</latexit>q

<latexit sha1_base64="FNyGTsoZOvzLUV4vhREF5x81rUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOa3Qhr9NgrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdu0EnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gEouhGDx5WXSPKsGF9Xg7rxSu87jKMIRHMMpBHAJNbiFOjSAwAM8wyu8ecp78d69j3lrwctnDuEPvM8fLBiO3g==</latexit>

q̄

<latexit sha1_base64="H9hNnZXvvbOdvVhXkd14l+9eWgY=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBQym7Iuqx6MVjBfuB3W3JpmkbmmSXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2POtHHdbye3srq2vpHfLGxt7+zuFfcPGjpKFKF1EvFItUKsKWeS1g0znLZiRbEIOW2Go5up33ykSrNI3ptxTAOBB5L1GcHGSp1mx49F+aHsD7AQuFssuRV3BrRMvIyUIEOtW/zyexFJBJWGcKx123NjE6RYGUY4nRT8RNMYkxEe0LalEguqg3R29QSdWKWH+pGyJQ2aqb8nUiy0HovQdgpshnrRm4r/ee3E9K+ClMk4MVSS+aJ+wpGJ0DQC1GOKEsPHlmCimL0VkSFWmBgbVMGG4C2+vEwaZxXvouLdnZeq11kceTiCYzgFDy6hCrdQgzoQUPAMr/DmPDkvzrvzMW/NOdnMIfyB8/kDxTCSCw==</latexit>

W±, Z, �

<latexit sha1_base64="H9hNnZXvvbOdvVhXkd14l+9eWgY=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBQym7Iuqx6MVjBfuB3W3JpmkbmmSXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2POtHHdbye3srq2vpHfLGxt7+zuFfcPGjpKFKF1EvFItUKsKWeS1g0znLZiRbEIOW2Go5up33ykSrNI3ptxTAOBB5L1GcHGSp1mx49F+aHsD7AQuFssuRV3BrRMvIyUIEOtW/zyexFJBJWGcKx123NjE6RYGUY4nRT8RNMYkxEe0LalEguqg3R29QSdWKWH+pGyJQ2aqb8nUiy0HovQdgpshnrRm4r/ee3E9K+ClMk4MVSS+aJ+wpGJ0DQC1GOKEsPHlmCimL0VkSFWmBgbVMGG4C2+vEwaZxXvouLdnZeq11kceTiCYzgFDy6hCrdQgzoQUPAMr/DmPDkvzrvzMW/NOdnMIfyB8/kDxTCSCw==</latexit>

W±, Z, �

<latexit sha1_base64="dTupxKdri2DVdmQ/PR0w9lgSGG4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUoP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo1Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4AxVWM6w==</latexit>a

gluon-coupled ALP 

( ) cGG ≠ 0, cBB = cWW = 0

photon-coupled ALP 

( ) cGG ≠ 0, cBB = cWW = 0

main production 
channels

main decay channels 
for current reach

<latexit sha1_base64="dTupxKdri2DVdmQ/PR0w9lgSGG4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUoP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo1Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4AxVWM6w==</latexit>a

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="pu4ZT8xIRKm8ofXL8er4j0A7GSY=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWakqMuiG5cV7AM6Q7mTZtrQJDMkmUIZ+iduXCji1j9x59+YtrPQ1gP3cjjnXnJzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIrRFEp6obgSaciZpyzDDaTdVFETEaSca38/9zoQqzRL5ZKYpDQUMJYsZAWOlvutCYJJgCELAsvfdqlfzFsDrxC9IFRVo9t2vYJCQTFBpCAete76XmjAHZRjhdFYJMk1TIGMY0p6lEgTVYb64fIYvrDLAcaJsSYMX6u+NHITWUxHZSQFmpFe9ufif18tMfBvmTKaZoZIsH4ozjk2C5zHgAVOUGD61BIhi9lZMRqCAGBtWxYbgr355nbSvav51rf5YrzbuijjK6Aydo0vkoxvUQA+oiVqIoAl6Rq/ozcmdF+fd+ViOlpxi5xT9gfP5A6wik7I=</latexit>

a ! ��
<latexit sha1_base64="4A8Mqj88KHUxAYZxBYz8YFeP4ho=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWakqMuiG5cV7AM6Q7mTpm1okhmSTKEM/RM3LhRx65+482/MtLPQ1sO9cDjnXnJzooQzbTzv2yltbG5t75R3K3v7B4dH7vFJW8epIrRFYh6rbgSaciZpyzDDaTdRFETEaSea3Od+Z0qVZrF8MrOEhgJGkg0ZAWOlvutCYOIgYXmNQAjou1Wv5i2A14lfkCoq0Oy7X8EgJqmg0hAOWvd8LzFhBsowwum8EqSaJkAmMKI9SyUIqsNscfkcX1hlgIexsi0NXqi/NzIQWs9EZCcFmLFe9XLxP6+XmuFtmDGZpIZKsnxomHJsYpzHgAdMUWL4zBIgitlbMRmDAmJsWBUbgr/65XXSvqr517X6Y73auCviKKMzdI4ukY9uUAM9oCZqIYKm6Bm9ojcnc16cd+djOVpyip1T9AfO5w+9LZO9</latexit>

a ! ⇡⇡�<latexit sha1_base64="YHHZ/fwGbfDS56ezY5ix+Fu414I=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokW9Vj04rGC/YAmlM120y7dbOLuRCilf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdgqbu/s7u2XDg6bJsk04w2WyES3Q2q4FIo3UKDk7VRzGoeSt8Lh7dRvPXFtRKIecJTyIKZ9JSLBKFqpTX1MLvxUdEtlt+LOQJaJl5My5Kh3S19+L2FZzBUySY3peG6KwZhqFEzySdHPDE8pG9I+71iqaMxNMJ7dOyGnVumRKNG2FJKZ+ntiTGNjRnFoO2OKA7PoTcX/vE6G0XUwFirNkCs2XxRlkmBCps+TntCcoRxZQpkW9lbCBlRThjaiog3BW3x5mTTPK95lpXpfLddu8jgKcAwncAYeXEEN7qAODWAg4Rle4c15dF6cd+dj3rri5DNH8AfO5w/YqI/b</latexit>

a ! 3⇡

<latexit sha1_base64="uR496tHyZNZyI8sszjxPZ1KacX8=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMeiF48V7Ad01zKbZtvQbHZJZpVS+j+8eFDEq//Fm//GtN2Dtj5m4PHeDJm8MJXCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNEmmGW+wRCa6HYLhUijeQIGSt1PNIQ4lb4XDm6nfeuTaiETd4yjlQQx9JSLBAK30AD4mPkfwU2GrW664VXcGuky8nFRIjnq3/OX3EpbFXCGTYEzHc1MMxqBRMMknJT8zPAU2hD7vWKog5iYYz66e0BOr9GiUaNsK6Uz9vTGG2JhRHNrJGHBgFr2p+J/XyTC6CsZCpRlyxeYPRZmkmNBpBLQnNGcoR5YA08LeStkANDC0QZVsCN7il5dJ86zqXVTP784rtes8jiI5IsfklHjkktTILamTBmFEk2fySt6cJ+fFeXc+5qMFJ985JH/gfP4AvuGSrw==</latexit>

a ! ⌘⇡⇡



ALP
<latexit sha1_base64="YZvsfHo6s+iVhFOolHZKkIqqnVc="></latexit>

L =
1

2
(@µa)

2 +
a

4⇡fa

⇣
↵scGG Ga

µ⌫
eGa,µ⌫ + ↵2cWW W a

µ⌫
fW a,µ⌫ + ↵1cBB Bµ⌫

eBµ⌫
⌘
+ . . .
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c G
G
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°
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ATLAS

B ! KaCHARM

LEP

this work (137 fb°1)
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Belle II

CODEX-b

FASER
this work (3 ab°1)

cGGÆs
4ºf Ga

µ∫G̃µ∫
a



10°2 10°1 1

ma [GeV]

10°6

10°5

10°4

10°3

10°2

10°1

g a
∞
∞
[G

eV
°

1
]

SN1987A

e+e° ! ∞ + inv.

electron beam dumps

e+e° ! ∞∞

proton beam dumps

Belle IINA64

PrimEX (1bin)

this work (137 fb°1)

cWW = 1, cBB = c2
w/s2

w

10°2 10°1 1

ma [GeV]

SHiP ° 2 £ 1020 POT

Belle II ° 50 ab°1

PrimEX

GlueX

FASER2, 3ab°1

this work (3 ab°1)

cW W Æ2
4ºf W a

µ∫W̃µ∫
a + cBBÆ1

4ºf Ba
µ∫B̃µ∫

a

cWW = 1, cBB = c2
w/s2

w

<latexit sha1_base64="YZvsfHo6s+iVhFOolHZKkIqqnVc="></latexit>

L =
1

2
(@µa)

2 +
a

4⇡fa

⇣
↵scGG Ga

µ⌫
eGa,µ⌫ + ↵2cWW W a

µ⌫
fW a,µ⌫ + ↵1cBB Bµ⌫

eBµ⌫
⌘
+ . . .ALP

 tuned to 0cγZ
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HIDDEN VALLEY
<latexit sha1_base64="Vufi+frPzUq/XbkArY9t76NqPLA=">AAACHHicbVDLSgMxFM34rPVVdekmWARBKDNa1I1QdONCoUX7gM4w3MmkbWjmQZIRytAPceOvuHGhiBsXgn9jpu2ith4IHM659+be48WcSWWaP8bC4tLyympuLb++sbm1XdjZbcgoEYTWScQj0fJAUs5CWldMcdqKBYXA47Tp9a8zv/lIhWRR+KAGMXUC6IaswwgoLbmFUzsA1SPA09vh5RR3U1sE+P5ueGxzPc0H3MO2BwLXcM0tFM2SOQKeJ9aEFNEEVbfwZfsRSQIaKsJByrZlxspJQShGOB3m7UTSGEgfurStaQgBlU46Om6ID7Xi404k9AsVHqnTHSkEUg4CT1dm68tZLxP/89qJ6lw4KQvjRNGQjD/qJByrCGdJYZ8JShQfaAJEML0rJj0QQJTOM69DsGZPnieNk5J1VirXysXK1SSOHNpHB+gIWegcVdANqqI6IugJvaA39G48G6/Gh/E5Ll0wJj176A+M71/uM6E4</latexit>

L = LSM + �hQ̄Q

<latexit sha1_base64="rTY8A/41fKd2STNcY2eiXTDuu2Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0OeM9Q==</latexit>

h

<latexit sha1_base64="3VPm2uqrrNwsX6xSDJp2KfMvPMc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZrNfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8frguM3g==</latexit>

Q

<latexit sha1_base64="E4JDs9kHtSMoarjUa4hdBoGSyZY=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe2Lqn9ZrTVrlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/x/jsE=</latexit>

Q̄

<latexit sha1_base64="co6xIfPLBpUpC/cMfWBGdR1hU7Q=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REigpeil48VrAf0ISw2U6apZts2N0ItfSXePGgiFd/ijf/jds2B219MPB4b4aZeWHGmdKO822trK6tb2yWtsrbO7t7FXv/oK1ELim0qOBCdkOigLMUWpppDt1MAklCDp1weDv1O48gFRPpgx5l4CdkkLKIUaKNFNgVDzQJ4jPv2pOxCOLArjo1Zwa8TNyCVFGBZmB/eX1B8wRSTTlRquc6mfbHRGpGOUzKXq4gI3RIBtAzNCUJKH88O3yCT4zSx5GQplKNZ+rviTFJlBoloelMiI7VojcV//N6uY6u/DFLs1xDSueLopxjLfA0BdxnEqjmI0MIlczcimlMJKHaZFU2IbiLLy+T9nnNvajV7+vVxk0RRwkdoWN0ilx0iRroDjVRC1GUo2f0it6sJ+vFerc+5q0rVjFziP7A+vwBP3CS1g==</latexit>⌘h, ⇢h
<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�
• we treat the  lifetime as a free parameter


• we take  (hard to probe 
with other searches)


• we assume  to decay into  to maximize 
self-veto effects


• we implement the dark shower with Pythia 
treating  as a pion 

ηh

Br(ηh → γγ) = 1

ρh ηhηh

ηh

<latexit sha1_base64="Y+0XEkGoe8Q8B0BOFD96xJfIhsY=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2E2gjYvWAkwT8iA2VCAVnaKVWD5D1R/1yxa26c9BV4uWkQnI0+uWv3iDmaQQKuWTGdD03QT9jGgWXMC31UgMJ42M2hK6likVg/Gx+7ZSeWWVAw1jbUkjn6u+JjEXGTKLAdkYMR2bZm4n/ed0Uw2s/EypJERRfLApTSTGms9fpQGjgKCeWMK6FvZXyEdOMow2oZEPwll9eJa2LqndZrd3XKvWbPI4iOSGn5Jx45IrUyR1pkCbh5JE8k1fy5sTOi/PufCxaC04+c0z+wPn8AYbcjxw=</latexit>⌘h

17



HIDDEN VALLEY
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HIDDEN VALLEY
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TAKEAWAYS

• for most of the benchmark models, the analysis covers previously unconstrained 
regions of the parameter space


• MET cut boon and bane:


• allows to probe lower lifetimes 

• reduces cross-section

• sensitivity could be improved by using model-specific techniques to suppress the 
backgrounds


• Isolation cuts reduce sensitivity for models where multiple LLPs are produced in the same 
direction (e.g. hidden valley) 



BACKUP SLIDES
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DARK PHOTON

<latexit sha1_base64="oCGyYNc1I/kEA5R/3dJ9E2mixh0="></latexit>

LDS = �1

4
X̂µ⌫X̂

µ⌫ +
1

2
m2

X,0X̂µX̂
µ + µ2

SŜ
2 � �SŜ

4 + |(@µ + igDX̂µ)Ŝ|2

<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit>

n Higgs portal
<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit>

n vector portal

<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit> n

<latexit sha1_base64="2IDtXtnStfXaftlp1Y18bCu61Mo="></latexit>

LSH = LSM + LDS � �HS Ŝ
2
Ĥ

†
Ĥ � ✏

2 cos ✓W
X̂µ⌫B̂

µ⌫

• dark scalar breaks 
 and gives a mass 

to the dark photon


•

U(1)

mS ∼ μ2
S + λHSv2 ≫ mH
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<latexit sha1_base64="oCGyYNc1I/kEA5R/3dJ9E2mixh0="></latexit>

LDS = �1

4
X̂µ⌫X̂

µ⌫ +
1

2
m2

X,0X̂µX̂
µ + µ2

SŜ
2 � �SŜ

4 + |(@µ + igDX̂µ)Ŝ|2

<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit>

n Higgs portal
<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit>

n vector portal

<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit> n

production decay

<latexit sha1_base64="XDKyxunSgKRA7KuUtWOxa4kVsMU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF4+QyCPChswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHsl7M47RD+lA8j5n1Fip9tAtltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbtdjOY=</latexit>

Z

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X
<latexit sha1_base64="n7BrXh4sh8/kg3TuyXVz8Fz7i+o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVh71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0JWM9A==</latexit>

h
<latexit sha1_base64="n7BrXh4sh8/kg3TuyXVz8Fz7i+o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVh71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0JWM9A==</latexit>

h

<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="2IDtXtnStfXaftlp1Y18bCu61Mo="></latexit>

LSH = LSM + LDS � �HS Ŝ
2
Ĥ

†
Ĥ � ✏

2 cos ✓W
X̂µ⌫B̂

µ⌫

DARK PHOTON

<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X

• dark scalar breaks 
 and gives a mass 

to the dark photon


•

U(1)

mS ∼ μ2
S + λHSv2 ≫ mH
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<latexit sha1_base64="oCGyYNc1I/kEA5R/3dJ9E2mixh0="></latexit>

LDS = �1

4
X̂µ⌫X̂

µ⌫ +
1

2
m2

X,0X̂µX̂
µ + µ2

SŜ
2 � �SŜ

4 + |(@µ + igDX̂µ)Ŝ|2

<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit>

n Higgs portal
<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit>

n vector portal

<latexit sha1_base64="bWP4Qz4uyIzRMy79Ik4kXSYUEWo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+qenlfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhho8D</latexit> n

production decay

<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="XDKyxunSgKRA7KuUtWOxa4kVsMU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF4+QyCPChswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHsl7M47RD+lA8j5n1Fip9tAtltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AbtdjOY=</latexit>

Z

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X

<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X
<latexit sha1_base64="SYMVuJZTdiEr7mL0L9j0ulT6aFc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuFWM5A==</latexit>

X
<latexit sha1_base64="n7BrXh4sh8/kg3TuyXVz8Fz7i+o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVh71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0JWM9A==</latexit>

h
<latexit sha1_base64="n7BrXh4sh8/kg3TuyXVz8Fz7i+o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVh71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0JWM9A==</latexit>

h

<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="2Z+JsW8QD2u1R0u7gKLBqJTtcwo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CfOQBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jSdUmkfy0Yxi7IS0L3nAGTVWun+47RZLbtmdgiwSLyMlyFDtFr/avYglIUrDBNW65bmx6aRUGc4EjgvtRGNM2ZD2sWWppCHqTjq9dEyOrNIjQaRsSUOm6u+JlIZaj0LfdobUDPS8NxH/81qJCS47KZdxYlCy2aIgEcREZPI26XGFzIiRJZQpbm8lbEAVZcaGU7AhePMvL5L6Sdk7L5/enZUqV1kceTiAQzgGDy6gAjdQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kDSruNNg==</latexit>

SM

<latexit sha1_base64="2IDtXtnStfXaftlp1Y18bCu61Mo="></latexit>

LSH = LSM + LDS � �HS Ŝ
2
Ĥ

†
Ĥ � ✏

2 cos ✓W
X̂µ⌫B̂

µ⌫

DARK PHOTON

subleading

• dark scalar breaks 
 and gives a mass 

to the dark photon


•

U(1)

mS ∼ μ2
S + λHSv2 ≫ mH

production and decay channels are decoupled
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<latexit sha1_base64="2IDtXtnStfXaftlp1Y18bCu61Mo="></latexit>

LSH = LSM + LDS � �HS Ŝ
2
Ĥ
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2 cos ✓W
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ALP
<latexit sha1_base64="YZvsfHo6s+iVhFOolHZKkIqqnVc="></latexit>

L =
1

2
(@µa)

2 +
a

4⇡fa

⇣
↵scGG Ga

µ⌫
eGa,µ⌫ + ↵2cWW W a

µ⌫
fW a,µ⌫ + ↵1cBB Bµ⌫

eBµ⌫
⌘
+ . . .
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10°2 10°1 1

ma [GeV]

10°4

10°3

10°2

10°1

1

10

1/
f

[G
eV

°
1
]

Z ! ∞ inv.

SN1987A

E787+E949

e+e° ! ∞∞

Belle IIPrimEX (1bin)

this work (137 fb°1)

cWW = 1, cBB = 0

10°2 10°1 1

ma [GeV]

Belle II ° 50 ab°1

PrimEX GlueX

SHiP ° 2 £ 1020 POT

this work (3 ab°1)

cW W Æ2
4ºf W a

µ∫W̃µ∫
a + cBBÆ1

4ºf Ba
µ∫B̃µ∫

a

cWW = 1, cBB = 0


