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• The work presented here is based on several contributions 

• T-channel white paper (cosmo section effort), together with M. Becker, E. 
Copello, M. Garny, J. Harz, J. Heisig, A. Ibarra, S. Khalil, M. Kirtiman, Y. 
Koay, L. Lopez Honorez,  T. Murphy, L. Panizzi, D. Sengupta and S. Tentori 

• CA, B. Fuks, J. Heisig, M. Kraemer, L. Mantani, L. Panizzi, Phys. Rev. D 
108 (2023) [arXiv:2307.10367 [hep-ph]] 

• CA, B. Fuks, L. Mantani, H. Meis, L. Panizzi, J. Salko, Phys. Lett. B 813 
(2021) [arXiv:2010.136038 [hep-ph]] 

• CA, B. Fuks, L. Mantani, Eur. Phys J. C 80 (2020) [arXiv:2001.05024 [hep-
ph]]

Cosmology of t-channel models
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Cosmology of t-channel models
• Brief overview of the minimal simplified t-channel models 

• Early universe physics and constraints on such models 

• Today’s probes from astroparticle and dark matter experiments 

• Complementarity with collider searches for few selected benchmarks

HERE CONSIDERED ONLY COLORED MEDIATORS COUPLING TO QUARKS

HOWEVER T-CHANNEL CAN APPEAR UNDER MANY FORMS (SEE TALKS THIS MORNING) AND CAN BE 
LEPTOPHILIC AS WELL

UNDERLINE THE DIFFERENCES WHEN RELEVANT THAT DEPEND ON THE QUARK GENERATION
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Minimal t-channel model 
T-CHANNEL MODELS (this talk)S-CHANNEL MODELS

X

X

Y

SM

SM

• Y is even under the dark symmetry  
• Y decays into 2 DM or 2 SM 

particles (typically quarks) 
• Y is not coloured 
• X is a SM gauge singlet

X

X

Y

SM

SM

• Y is charged under the dark 
symmetry  

• Y decays into 1 DM and 1 SM 
particle  

• Y can be coloured if it couples to 
quarks as well as gluons 

• X is a SM gauge singlet 
• The model can be leptophilic

Several model files at 
LO/NLO available here 

http://feynrules.irmp.ucl.ac.be/wiki/DMsimp
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Minimal t-channel model 
L = LSM + Lkin + LF (�) + LF (�̃) + LS(S) + LS(S̃) + LV (V ) + LV (Ṽ )

<latexit sha1_base64="ZTFnkpHoytK+njDJzgyvZK6bgI0="></latexit>

MODEL FILES AND DOCUMENTATION ARE AVAILABLE HERE:  
HTTP://FEYNRULES.IRMP.UCL.AC.BE/WIKI/DMSIMPT

VERY GENERIC MODEL WITH 6 DARK MATTER CANDIDATES AND 24 MEDIATORS OF DIFFERENT SPIN

UNIQUE IMPLEMENTATION FOR 
COLLIDER AND DM STUDIES

X

Y

http://feynrules.irmp.ucl.ac.be/wiki/DMsimpt
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Minimal t-channel model 
L = LSM + Lkin + LF (�) + LF (�̃) + LS(S) + LS(S̃) + LV (V ) + LV (Ṽ )

<latexit sha1_base64="ZTFnkpHoytK+njDJzgyvZK6bgI0="></latexit>

MODEL FILES AND DOCUMENTATION ARE AVAILABLE HERE:  
HTTP://FEYNRULES.IRMP.UCL.AC.BE/WIKI/DMSIMPT

VERY GENERIC MODEL WITH 6 DARK MATTER CANDIDATES AND 24 MEDIATORS OF DIFFERENT SPIN

UNIQUE IMPLEMENTATION FOR 
COLLIDER AND DM STUDIES

X

Y

New couplings 
3x3 matrices in flavour space 

real and flavour diagonal

http://feynrules.irmp.ucl.ac.be/wiki/DMsimpt
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Minimal t-channel model 
THE GENERIC MODEL HAS SEVERAL 

RESTRICTIONS WHERE THE UNDESIRED 
FIELDS ARE DECOUPLED AND INTERACTIONS 

ARE SET TO ZERO
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Minimal t-channel model 
THE GENERIC MODEL HAS SEVERAL 

RESTRICTIONS WHERE THE UNDESIRED 
FIELDS ARE DECOUPLED AND INTERACTIONS 

ARE SET TO ZERO

Any restriction has  
3 free model parameters: 

DM and mediator masses + coupling  
(MX, MY,   )

<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>
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Minimal t-channel model 
THE GENERIC MODEL HAS SEVERAL 

RESTRICTIONS WHERE THE UNDESIRED 
FIELDS ARE DECOUPLED AND INTERACTIONS 

ARE SET TO ZERO

Any restriction has  
3 free model parameters: 

DM and mediator masses + coupling  
(MX, MY,   )

<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�

coupling only to quark up-right
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�

coupling only to quark up-right

coupling only to b and t quarks
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Minimal t-channel model 
THE GENERIC MODEL HAS SEVERAL 

RESTRICTIONS WHERE THE UNDESIRED 
FIELDS ARE DECOUPLED AND INTERACTIONS 

ARE SET TO ZERO

Any restriction has  
3 free model parameters: 

DM and mediator masses + coupling  
(MX, MY,   )
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�

coupling only to quark up-right

coupling to all quarks

coupling only to b and t quarks
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Early universe 
Credit:NASA
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𝛀H2 =0.12  PLANCK SATELLITE 

[ARXIV:1807.06209]
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Early universe: freeze-out
TYPICALLY LO PROCESSES ARE DOMINANT 

Y

�

�

q

q̄

<latexit sha1_base64="Yv5twg6hLB5voGx1isbwAkMxpdk="></latexit>

Y

�

Y

q

g

<latexit sha1_base64="yRkfmJfu4tUlZhxRdqEyCgq6acc="></latexit>

Y

Y

Y

g

g

<latexit sha1_base64="uqRmJG2GZ2sIRxpVbROK7j8NHz4="></latexit>

DM annihilation

coannihilation (compressed spectrum)

X

X

X

Y

Y

Y Y
Y

Y

/ �4
'

<latexit sha1_base64="95yEXxgXKPcQj2aMEr/LSq3TfPc=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwVRIJ6LLoxmUF+4Amhslk0g6dzAwzk0IJxY2/4saFIm79Cnf+jdM2C209MHA45x7u3BMLSpR23W9rZXVtfWOzslXd3tnd27cPDtuK5xLhFuKUy24MFaaE4ZYmmuKukBhmMcWdeHgz9TsjLBXh7F6PBQ4z2GckJQhqI0X2cSAkF5o7ATWhBEbBCEoxIA9+ZNfcujuDs0y8ktRAiWZkfwUJR3mGmUYUKtXzXKHDAkpNEMWTapArLCAawj7uGcpghlVYzE6YOGdGSZyUS/OYdmbq70QBM6XGWWwmM6gHatGbiv95vVynV2FBmMg1Zmi+KM2pY06e9uEkRGKk6dgQiCQxf3XQAEqItGmtakrwFk9eJu2LuufX/Tu/1rgu66iAE3AKzoEHLkED3IImaAEEHsEzeAVv1pP1Yr1bH/PRFavMHIE/sD5/AE+Sl2A=</latexit>
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<latexit sha1_base64="fjmZYH0XKvV1Os+lJHWRe6ECVRI=">AAACC3icbVDLSgMxFM3UV62vqks3oUVwVWZKQZdFNy4r2Ad06nAnzXRCM5OQZAqldO/GX3HjQhG3/oA7/8b0sdDWA4HDOfdwc08oOdPGdb+d3Mbm1vZOfrewt39weFQ8PmlpkSlCm0RwoTohaMpZSpuGGU47UlFIQk7b4fBm5rdHVGkm0nszlrSXwCBlESNgrBQUS75UQhqBfW5DfQj8ESgZs4cq9oHLGAIdFMtuxZ0DrxNvScpoiUZQ/PL7gmQJTQ3hoHXXc6XpTUAZRjidFvxMUwlkCAPatTSFhOreZH7LFJ9bpY8joexLDZ6rvxMTSLQeJ6GdTMDEetWbif953cxEV70JS2VmaEoWi6KMY3v7rBjcZ4oSw8eWAFHM/hWTGBQQY+sr2BK81ZPXSata8WqV2l2tXL9e1pFHZ6iELpCHLlEd3aIGaiKCHtEzekVvzpPz4rw7H4vRnLPMnKI/cD5/AAqXmww=</latexit>

/ ↵2
s

<latexit sha1_base64="n/3vxfxc3gMyZPnqk5awUtOujAk=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyUgi6LblxWsA/ojEMmzbShmSQkGbEM/RU3LhRx64+4829M21lo64ELh3Pu5d57YsmoNp737ZQ2Nre2d8q7lb39g8Mj97ja1SJTmHSwYEL1Y6QJo5x0DDWM9KUiKI0Z6cWTm7nfeyRKU8HvzVSSMEUjThOKkbFS5FYDqYQ0AgaIyTGK9EMjcmte3VsArhO/IDVQoB25X8FQ4Cwl3GCGtB74njRhjpShmJFZJcg0kQhP0IgMLOUoJTrMF7fP4LlVhjARyhY3cKH+nshRqvU0jW1nisxYr3pz8T9vkJnkKswpl5khHC8XJRmD9td5EHBIFcGGTS1BWFF7K8RjpBA2Nq6KDcFffXmddBt1v1lv3jVrresijjI4BWfgAvjgErTALWiDDsDgCTyDV/DmzJwX5935WLaWnGLmBPyB8/kDzf6USg==</latexit>

• Sommerfeld enhancement and bounds state formation can be relevant 
when mediators are light (YY —> qq, YY —> gg) 

• For d-wave suppressed annihilation cross-sections NLO corrections are 
relevant 

• Pheno is the basically the same for all quark flavours (threshold effects for 
heavy quarks)

LARGE COUPLING = WIMP 
DETECTABLE SIGNATURES IN 

DIRECT, INDIRECT SEARCH 
EXPERIMENT FOR DARK MATTER 

AND AT COLLIDERS 
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Early universe: small couplings (FIMPs)
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Mediator Y = WIMP X = 

Adapted from arXiv:1003.0904
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Early universe: small couplings (FIMPs)
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arXiv:0911.1120

<latexit sha1_base64="bp37dUvi2LwLKE71u3uRSVHxiEg="></latexit>

⌦Xh2|FI / mX
�Y!X

m2
Y

Mediator Y = WIMP X = 

Adapted from arXiv:1003.0904



9CHIARA ARINA, 16/05/2024

Early universe: small couplings (FIMPs)

Re
lic

 a
bu

nd
an

ce
 

arXiv:0911.1120

<latexit sha1_base64="bp37dUvi2LwLKE71u3uRSVHxiEg="></latexit>

⌦Xh2|FI / mX
�Y!X

m2
Y

Mediator Y = WIMP X = 

Adapted from arXiv:1003.0904

Much more in J. Heisig talk

• Annihilation XX, YX, YY —> AB becomes inefficient 
• Conversions such as Y -> XA, YA -> XB (A,B=SM) 

lead the freeze-out process
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arXiv:0911.1120
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⌦Xh2|FI / mX
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m2
Y

Mediator Y = WIMP X = 

Adapted from arXiv:1003.0904

Much more in J. Heisig talk

• Annihilation XX, YX, YY —> AB becomes inefficient 
• Conversions such as Y -> XA, YA -> XB (A,B=SM) 

lead the freeze-out process

SMALL COUPLINGS  
• CHALLENGING TO SEE IN DARK MATTER 

SEARCHES 
• PROVIDE LLP SIGNALS AT LHC 
• CAN HAVE VERY COMPRESSED SPECTRUM 
• CONSTRAINTS FROM EARLY UNIVERSE (E .G. 

LYMAN-   ,  CMB, BBN)
<latexit sha1_base64="wEI8JztgPf6N92x6CusVkC/0LZg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJ66LqXVZr97VK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AI5vjyE=</latexit>↵
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Direct detection of WIMPs

DARK MATTER - NUCLEON 
SCATTERING IN UNDERGROUND 

DETECTOR

From LZ collaboration: arXiv:2207.03764

SPIN-DEPENDENT INTERACTION: 
DARK MATTER SPIN COUPLES 
TO THE UNPAIRED NUCLEON

SD ON NEUTRON

SD ON PROTON
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Direct detection of WIMPs
SPIN-INDEPENDENT INTERACTION: DARK MATTER COUPLES TO 

ALL NUCLEONS (SENSITIVE TO A2)

From LZ collaboration: arXiv:2207.03764
APPEC report 2104.07634

DIRECT DETECTION SENSITIVE UP TO TENS OF TEV IN DARK MATTER MASS (              )/ m�2
X

<latexit sha1_base64="69a+rd4mLjflsKc7+vc4VMHJoWc=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4MeyGiB6DXjxGMA9I1mV2MkmGzIuZ2UBY8idePCji1T/x5t84SfagiQUNRVU33V2JYtTYIPj21tY3Nre2CzvF3b39g0P/6LhpZKoxaWDJpG4nyBBGBWlYahlpK00QTxhpJaO7md8aE22oFI92okjE0UDQPsXIOin2/a7SUlkJedx+yi4r09gvBeVgDrhKwpyUQI567H91exKnnAiLGTKmEwbKRhnSlmJGpsVuaohCeIQGpOOoQJyYKJtfPoXnTunBvtSuhIVz9fdEhrgxE564To7s0Cx7M/E/r5Pa/k2UUaFSSwReLOqnDLpPZzHAHtUEWzZxBGFN3a0QD5FG2Lqwii6EcPnlVdKslMNq+eqhWqrd5nEUwCk4AxcgBNegBu5BHTQABmPwDF7Bm5d5L96797FoXfPymRPwB97nDxIuk0w=</latexit>
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Direct detection of WIMPs

Y
X X

MadDM vs analytic micrOMEGAs vs analyticFOR MAJORANA COUPLING TO 
UR (S3M_UR) DIRECT 

DETECTION IS: 
•  LO FOR SPIN-DEPENDENT 

(MADDM TOOL) 
•  NLO FOR SPIN-INDEPENDENT 

(MICROMEGAS TOOL) 
• ANALYTIC EXPRESSIONS 

[HISANO ET AL. (JHEP 2015)]

Coupling to u or d quarks Coupling to 2nd,3rd gen or NLO

<latexit sha1_base64="v4ypY7y+J6Bz7OTGeTZjO5ha17M=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJFHVZdONGqGAf0oQwmU7aoZOHM5NCCXHjr7hxoYhb/8Kdf+P0sdDWA/dyOOdeZu7xE86ksqxvo7C0vLK6VlwvbWxube+Yu3tNGaeC0AaJeSzaPpaUs4g2FFOcthNBcehz2vIHV2O/NaRCsji6U6OEuiHuRSxgBCsteeaBQA59SNkQOYHAJLvx7nPd2rlnlq2KNQFaJPaMlGGGumd+Od2YpCGNFOFYyo5tJcrNsFCMcJqXnFTSBJMB7tGOphEOqXSzyQU5OtZKFwWx0BUpNFF/b2Q4lHIU+noyxKov572x+J/XSVVw4WYsSlJFIzJ9KEg5UjEax4G6TFCi+EgTTATTf0Wkj3USSodW0iHY8ycvkuZpxT6rVG+r5drlLI4iHMIRnIAN51CDa6hDAwg8wjO8wpvxZLwY78bHdLRgzHb24Q+Mzx9IWpbN</latexit>

r ⌘ MY

MX

UFO AT LO AND NLO CAN BE USED DIRECTLY INTO DARK MATTER TOOLS

GIVEN THE EXPERIMENTAL SENSITIVITY, NLO MATTERS
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Dark matter annihilation in galactic halos at 
present time
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LO ANNIHILATION (DIRAC AND VECTORIAL DARK MATTER)

Y

�

�

q

q̄

<latexit sha1_base64="Yv5twg6hLB5voGx1isbwAkMxpdk="></latexit>

X

X

Y

If quark is heavy (e.g. below top 
or b thresholds for models 
coupling to 2nd and 3rd gen)

GAMMA-RAY BOUNDS FROM FERMI-LAT DWARF 
SPHEROIDAL GALAXIES ARE THE MOST 

CONSTRAINING 

Fermi-LAT + DES, arXiv:1611.03184

BOUNDS FROM FERMI-LAT DWARF SPHEROIDAL GALAXIES CAN 
BE COMPUTED AUTOMATICALLY WITHIN MADDM 
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• LO ANNIHILATION IS P-WAVE OR D-WAVE SUPPRESSED (MAJORANA OR SCALAR DARK MATTER) 
• NLO PROCESSES UPLIFT THE SUPPRESSION AND PRODUCE A SHARP FEATURE IN THE GAMMA-

RAY ENERGY SPECTRUM

Loop-induced diphotons

q

q
qY

X

X

𝜸

𝜸

Dark matter annihilation in galactic halos at 
present time

Y
X

X

q

q

Virtual internal bremsstrahlung (VIB)

𝜸

GAMMA LINE SEARCHES ARE THE MOST 
STRINGENT BOUNDS

From arXiv:1805.05741



Benchmark 1: coupling to uR
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We consider all models coupling to uR quark 
6 in total  

(MX, MY,   )
<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�

Fermionic DM (Majorana 
and Dirac) and scalar 

mediator 

Scalar DM (real and 
complex) and fermionic 

mediator 

Vector DM (real and 
complex) and fermionic 

mediator 



Benchmark 1: coupling to uR complex case
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ASSUMING WIMP SCENARIO 
AND CORRECT RELIC 
DENSITY VIA FO ALL 

COMPLEX MODELS ARE 
EXCLUDED UP TO 10 TEV BY 

DIRECT DETECTION !

FREEZE-IN REGION AND 
COMPRESSED SPECTRA TO BE 

INVESTIGATED STILL…

From arXiv:2307.10367



Benchmark 1: coupling to uR real case
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FREEZE-IN REGION AND 
COMPRESSED SPECTRA TO BE 

INVESTIGATED STILL…

ASSUMING WIMP SCENARIO 
AND CORRECT RELIC 

DENSITY VIA FO COSMOLOGY 
EXCLUDES A LOT BUT STILL 

VIABLE BENCHMARKS 

From arXiv:2307.10367



Benchmark 2: coupling to tR
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Real scalar particle as X and fermionic 
particle as Y 
(MX, MY,   )

<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�

From arXiv:1804.05068

• BEHAVIOR IS SIMILAR TO 
THE CASE OF UR  

• NON NEGLIGIBLE MASS OF 
THE TOP IS RELEVANT AND 
NEED A CAREFUL 
TREATMENT 

• COMPLEMENTARITY OF 
ASTROPARTICLE AND 
COLLIDER SEARCHES



Benchmark 2: coupling to tR for freeze-in 
and superWIMP
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From arXiv:2111.09321

Majorana particle as X and scalar 
particle as Y 
(MX, MY,   )

<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�

• WIDE RANGE OF DM MASSES CAN BE 
CONSIDERED 

• LOW MASSES ARE CONSTRAINED BY 
COSMOLOGY 

• COMPRESSED SPECTRA CONSTRAINED 
BY DISPLACED VERTICES AND R-
HADRONS 

• NICE COMPLEMENTARITY 
• WIDE VIABLE REGION (NO DD OR ID 

BOUND)



Summary 
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• Models beyond the minimal version and/or theoretical complete models feature enlarged 
parameter space, specific signatures, …; 

• Freeze-in, superWIMP, conversion driven freeze-out are other mechanisms that shape LLP 
regions and/or very compressed spectra: different regions and masses to explore yet; 

• A non-standard cosmological history can change the model parameter space and open 
up new regions;  

• Much more in the white paper to appear, stay tuned!

CHIARA ARINA, 16/05/2024

DARK MATTER CANDIDATES ARISING FROM SIMPLIFIED AND MINIMAL T-CHANNEL MODELS ARE 
PARTICULAR ATTRACTIVE BECAUSE OF THEIR PREDICTIVITY:

• IF CONSIDERED AS WIMPS THEY ARE PRETTY CONSTRAINED BY INDIRECT AND DIRECT 
SEARCHES OF DARK MATTER; 

• MODELS COUPLING TO U AND D ARE MORE CONSTRAINED (COMPLEX CANDIDATES ARE 
BASICALLY EXCLUDED) 

• MODELS COUPLING TO 2ND AND 3RD GEN ARE LESS CONSTRAINED BY DIRECT DETECTION 
• PHENO OF RELIC AND INDIRECT DETECTION DO NOT STRONGLY DEPEND ON THE QUARK 

FLAVOR (BESIDES MASS EFFECTS)



Back up slides
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Bound states and Sommerfeld 
enhancement (from arXiv:2203.04326)
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SOMMERFELD ENHANCEMENT

EXAMPLE OF BOUND STATE 
FORMATION



Lyman-alpha bounds
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FI AND SW (NON-THERMAL) CAN BE PRODUCED 
WITH A CERTAIN BOOST AND AFFECT STRUCTURE 

FORMATION

BOUNDS FROM WARM DARK 
MATTER (THERMAL) CAN BE 

TRANSLATED INTO FI AND SW 
TERMS


