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Two crucial BSM ingredients for BSM searches in forward 
direction

Production of 
BSM particles

Decay of BSM 
Particles

[FASER Collaboration]



Decay of BSM 
Particles

Lifetime + Branching Ratios

Vector particles ( dark photons, B-L, …)
• DarkCast                     Ilten, Soreq, Williams, Xue
•                     Foguel, PR, Zukanovich
Scalar particles

Robust description, 
data-driven

Axial Vectors

•                     Winkler

• DarkCast                      Baruch, Ilten, Soreq, 
Williams

Less robust,
Little to no data 

available
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Production of 
BSM particles
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Production of 
BSM particles

• Drell-Yan
• Meson decays
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A. Berlin, F. Kling
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Production of 
BSM particles

• Drell-Yan
• Meson decays
• Bremsstrahlung
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FPF range

                       Blümlein, Brunner

in lower mass range

Recent developments:
•                     S. Foroughi-Abari, A. Ritz
• + more about it Next Talk by Saeid!



Production of 
BSM particles

• Drell-Yan
• Meson decays
• Bremsstrahlung
• Is there more than this?
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This Talk!

in lower mass range

?
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Additional Production Modes?
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Additional Production Modes?
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Additional Production Modes?
Unknown Sources
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Additional Production Modes?

Beam remnants

Before or as part of 
hadronization
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Additional Production Modes?
Part of 

Hadronization
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Additional Production Modes? Final-State 
Radiation

Initial-State 
Radiation

Focus of this 
talk!
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⇡0

<latexit sha1_base64="eJEtnExAVz9tB51rNwFw5rKO0Wk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSnyMdVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+Nr91Rs6sMiRhrG0pJHP190RGI2OmUWA7I4pjs+zl4n9eL8Xwxs+ESlLkii0WhakkGJP8cTIUmjOUU0so08LeStiYasrQxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AArajj4=</latexit>⌘



Difficulties (Probably true for many 
production modes)

Identify relevant 
processes Calculation Validity



Difficulties (Probably true for many 
production modes)

Calculation ValidityIdentify relevant 
processes

BSM massive particles can easily be added: 
Dark photons, U(1) gauge extensions, dark scalars,…



Identify relevant processes
Single- and double diffractive events

Relevant:  Processes where partons scatter!

pA

pB

p′A

p
′

B

Elastic pp collision

Like QCD 2-to-2 processes
Note: Not only one but many partons interact in pp collision

<latexit sha1_base64="8VkTVXJ0lR2qQMPxZIRuWYI9zWM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVB1pz2qzW37s5AlolXkBoUaParX71BzNIIpWGCat313MT4GVWGM4HTSi/VmFA2pkPsWipphNrPZomn5MQqAxLGyj5pyEz9vZHRSOtJFNjJPKFe9HLxP6+bmvDKz7hMUoOSzT8KU0FMTPLzyYArZEZMLKFMcZuVsBFVlBlbUsWW4C2evEzaZ3Xvou7dndca10UdZTiCYzgFDy6hAbfQhBYwkPAMr/DmaOfFeXc+5qMlp9g5hD9wPn8AvE2Q9g==</latexit>P

Gieseke, Loshaj, Kirchgaeßer

<latexit sha1_base64="xGmSA0VFJEh+XtCkXclxzlHnn70=">AAACCHicbVC7TsMwFHXKq4RXgJEBiwpalipBCBhbWBiLRB9SE1WO67RWnZftIFVRRxZ+hYUBhFj5BDb+BjfNAC1HsnR0zr26PseNGBXSNL+1wtLyyupacV3f2Nza3jF291oiTDgmTRyykHdcJAijAWlKKhnpRJwg32Wk7Y5upn77gXBBw+BejiPi+GgQUI9iJJXUMw5jeGLLEMawXrZtvRLHpzMhY/VyzyiZVTMDXCRWTkogR6NnfNn9ECc+CSRmSIiuZUbSSRGXFDMy0e1EkAjhERqQrqIB8olw0izIBB4rpQ+9kKsXSJipvzdS5Asx9l016SM5FPPeVPzP6ybSu3JSGkSJJAGeHfISBlXQaSuwTznBko0VQZhT9VeIh4gjLFV3uirBmo+8SFpnVeuiat2dl2rXeR1FcACOQAVY4BLUwC1ogCbA4BE8g1fwpj1pL9q79jEbLWj5zj74A+3zBzy2lks=</latexit>

q ! qA0

(qq) ! (qq)A0 ?



Modelling in Herwig

Bähr, Gieseke,
Seymour

Dijet-like Event                  

Multiple Partonic 
Interactions (MPI)

+
<latexit sha1_base64="me2Qp0NAkgP4kqExs1GgvAb9F1A=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFdFUSEXVZdOOygr1AG8tkOmmHTibpzEQIob6KGxeKuPVB3Pk2TtsstPWHgY//nMOc8/sxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHNtN56pFKxSNzrNKZeiAeCBYxgbayeXR6j8UN2MkFdHaGce3bFqTozoWVwc6hArnrP/ur2I5KEVGjCsVId14m1l2GpGeF0UuomisaYjPCAdgwKHFLlZbPlJ+jYOH0URNI8odHM/T2R4VCpNPRNZ4j1UC3WpuZ/tU6igysvYyJONBVk/lGQcGQOnSaB+kxSonlqABPJzK6IDLHERJu8SiYEd/HkZWieVd2Lqnt3Xqld53EU4RCO4BRcuIQa3EIdGkAghWd4hTfryXqx3q2PeWvBymfK8EfW5w9TzZPs</latexit>

qq
0
! qq

0

QCD 2-to-2
<latexit sha1_base64="TH5aEZhI8trr6J0wx4tGgUoTWm4=">AAACF3icbVC7TsMwFHXKq4RXgJHFogIxRQlCwFjBwlgk+pCaqHJcp7XqOIntIFVR/4KFX2FhACFW2Pgb3DRI0HIly+ece6/sc4KEUakc58uoLC2vrK5V182Nza3tHWt3ryXjTGDSxDGLRSdAkjDKSVNRxUgnEQRFASPtYHQ97bfviZA05ndqnBA/QgNOQ4qR0lLPslOYwmNPxfpKPc8cwMGMalDQ9Iem0LbtnlVzbKcouAjcEtRAWY2e9en1Y5xFhCvMkJRd10mUnyOhKGZkYnqZJAnCIzQgXQ05ioj088LXBB5ppQ/DWOjDFSzU3xs5iqQcR4GejJAayvneVPyv181UeOnnlCeZIhzPHgozBrXRaUiwTwXBio01QFhQ/VeIh0ggrHSUpg7Bnbe8CFqntntuu7dntfpVGUcVHIBDcAJccAHq4AY0QBNg8ACewAt4NR6NZ+PNeJ+NVoxyZx/8KePjG/gDm2o=</latexit>qq ! qq

gg ! gg

gq ! gq...



ISR

MPI

Dijet-like event

MPI

Dijet-like event
FSR



ISR

FSR



Validity

• Why does MPI in ISR only start above 
• Why does MPI vanish in both cases for higher 

masses and 
• Are ISR and Bremsstrahlung related?

<latexit sha1_base64="/RemaBEy6RkL8F5G5VibqRPWBeQ=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irop6k6EGPFewHtEvJptk2NMkuSbZQlvpLvHhQxKv/xJv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqgitk5jHqhViTTmTtG6Y4bSVKIpFyGkzHN5O/eaIKs1i+WjGCQ0E7ksWMYKNlbqum6Br5HtPWUcJdEcbk65b9ireDGiZ+DkpQ45a1/3q9GKSCioN4Vjrtu8lJsiwMoxwOil1Uk0TTIa4T9uWSiyoDrLZ5RN0YpUeimJlSxo0U39PZFhoPRah7RTYDPSiNxX/89qpia6CjMkkNVSS+aIo5cjEaBoD6jFFieFjSzBRzN6KyAArTIwNq2RD8BdfXiaNs4p/UfEfzsvVmzyOIhzBMZyCD5dQhXuoQR0IjOAZXuHNyZwX5935mLcWnHzmEP7A+fwBv26Scw==</latexit>

p > 10 GeV

<latexit sha1_base64="DXfUvzidX19fDRrcI3rcd6qz010=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPSb/RL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9a6q3sNlpXabx1GEEziFc/DgGmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPHzaEjcE=</latexit>pT

ISR FSR



Conclusions

• Progress in both Decay & Production of BSM 
Particles

• Decay of vector particles (dark photons,…) well 
described

• Production of dark photons not at all!
Especially in the range relevant for FPF

How relevant are additional production modes

Do we fully understand Bremsstrahlung?
Saeid’s Talk!


