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Cosmology of t-channel models

* 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. lbarra, S. Khalil, M. Kirtiman, Y.

Koay, L. Lopez
* CA, B. Fuks, J.

—10NoreZ,
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. Murphy, L. Panizzi,

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]]
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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
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Minimal t-channel model

S-CHANNEL MODELS
/ SM
\ SM

® Y is even under the dark symmetry

e Y decays into 2 DM or 2 SM
particles (typically quarks)

® Y is not coloured

e X is a SM gauge singlet

X

N
/ Y

X

Several model files at
LO/NLO available here

T-CHANNEL MODELS (this talk)

X SM

X SM

® Y is charged under the dark
symmetry

e Y decays into 1 DM and 1 SM
particle

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

e X is a SM gauge singlet

e The model can be leptophilic
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http://feynrules.irmp.ucl.ac.be/wiki/DMsimp

Minimal t-channel model

~ ~

L=Lsy+ Lyin +Lr(X) + Lr(X) + Ls(S) + Ls(S) + Ly (V) + Ly (V)

Field Spin Repr. Self-conj.
S 0 (1,1,0) yes
S 0 (1,1,0) no
X 1/2 (1,1,0) yes
P 1/2 (1,1,0) no
V. 1 (1,1,0) yes
Vi 1 (1,1,0) no
‘PEQU) 1
Qo = (d) 0 (3,2, 6) no
PQ
Pu 0 (8,1, %) no
Pa 0 (3,1,—3) no

A X QoL+ A Xup! + X Xdpl+h.c.

AoVoQX + At uX +Nath,dX +h.c.

NataXQ+ At Xut AapuXd+he.
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Minimal t-channel model

~ ~

L=Lsy+ Lyin +Lr(X) + Lr(X) + Ls(S) + Ls(S) + Ly (V) + Ly (V)

Field Spin Repr. Self-conj.
0 (1,1,0) yes
0 (1,1,0) no
1/2 (1,1,0) yes
1/2 (1,1,0) no
1 (1,1,0) yes
1 (1,1,0) no
) 0 (8,2, %) no
0 (3,1,2) no
0 (3,1,—3) no
) 1/2 (3,2, %) no
1/2 (3,1,2) no
1/2 (3,1,—3 no

= _)\QXQQOE -+ )\uX'ugoi —I—)\dX'dcpz —I—h.c.-
= [ Aa¥oQX + A, uX +Aatp,dX +h.c.

= :S\Q??ZQXQ-I-S\u?,ZuXU"' S\diﬁdXdﬂLh-C-:



http://feynrules.irmp.ucl.ac.be/wiki/DMsimpt

Minimal t-channel model

~ ~

L= Lsm+ Lyin + Lr(X) + Lr(X) + Ls(S) + Ls(S) + Ly (V) + Ly (V)

Field Spin Repr. Self-conj.
0 (1,1,0) yes
0 (1,1,0) no
1/2 (1,1,0) yes
1/2 (1,1,0) no
1 (1,1,0) yes
1 (1,1,0) no
) 0 (8,2, %) no
0 (3,1,2) no
0 (3,1,—3) no
) 1/2 (3,2, %) no
1/2 (3,1,2) no
1/2 (3,1,—3 no

Lr(X) = [AgXQu! + A\ Xup! + A Xdpl+h.c.
L35(X) = [ Ao¥oQX + At uX +Xath,dX +h.c.
Ly(X)

= :quZQXQ—Fj\uzZUXudXd—I—h.c.:

New couplings
3x3 matrices in flavour space
real and flavour diagonal
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Minimal t-channel model

Name DM Mediators Parameters
S3M_uni %
Py Pury Pd
S3D_uni X ARE A
S3M_3rd %
PQszs Pusy Pds M‘Pa MX) >‘<P
S3D_3rd X
S3M_uR %
Pu
S3D_uR X '
F3S_uni S
77be) ¢uf) ",bdf
F3C_uni S
F3S_3rd S .
¢Q3) ¢u3, ¢d3 Mg, M'l,ba )‘¢
F3C_3rd S
F3S_uR S y
F3C_uR S '
F3V_uni %
# ¢Qf7 "pufa 'def
F3W_uni V.
F3V_3rd Vi .
77bQ37 17bu3a ¢d3 MV) M'(Pa >‘1/)
F3W_3rd Vi
F3V_uR Vi 6



Minimal t-channel model

Name DM Mediators Parameters
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Pui
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F3V_uR Vi 6
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Credit:NASA

Early universe

QH2=0.12 PLANCK SATELLITE
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Early universe: freeze-out
 TYPIOALLY L0 PROOESSES ARE DOMINANT

0.01 [ T ——r
0.001
oooor ¥ X q DM annihilation
10'°!-
> lO“;—
= 10—?@- 4
5o V Y XA
5 10k
F E q
g f L
£ ok coannihilation (compressed spectrum)
g 1o-l°g E
S ,o-l.i f Y g Y g
10718
3 2 2
08 SR WOV Y X O Y XAy
1 10 100 1000
x=m/T (time -) Y
g X q

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

* 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)
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Early universe: small couplings (FIMPs)

Adapted from arXiv:1003.0904 t (s) A
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Early universe: small couplings (FIMPs)

Adapted from arXiv:1003.0904 t (S) N
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Early universe: small couplings (FIMPs)

Adapted from arXiv:1003.0904 t (s)
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Annihilation XX, YX, YY —> AB becomes inefficient

Conversions such as Y -> XA, YA -> XB (A,B=SM)
lead the freeze-out process

Much more In J. Heisig talk



Early universe: small couplings (FIMPs)

o
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®* Conversions such as 'Y -> XA, YA -> XB (A,B=SM)
lead the freeze-out process

Much more In J. Heisig talk

1077 ¢

- -
|0_|2’p—— -

1075 ¢

arXiv:0911.1120

CHIARA ARINA, 16/05/2024



Direct detection of WIMPs

T

F LI L
From LZ collaboration: arXiv:2207.03764

EWIMP wind from Cygnus
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10
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9
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Direct detection of WIMPs
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Direct detection of WIMPs

- _—
Coupling to u or d quarks
X \ / X
/ Y \
q g
B

Coupling to 2nd 3rd gen or NLO

:0:0 &4

10736

10-37 5

10-40 s

10-41

MadDM vs analytic

— =11 ]

10-40

— ;=20 | 10-41; micrOMEGASs vs analytic

+++ Analytic ] [
1042

1043 b
1044 |

1045 L

a§ [cm?]

1046 i
107
1048 E
1040

1050 [

10-51 [

— r=1.1

— r=2.0

+++ Analytic

102

~or
M, [GeV]




Indirect detection

Prompt flux

Decay process sssssssd» Observable
Fluxes

Low-energy photons Positrons
Quarks &

Medium-energy i
DM gamma rays

DM

% Antiprotons

aWa

.\/ \k //\\\//-' |‘\j’/\‘ ‘,f-‘\|

W/

nNAR Protons
W/ lL/’ ‘Jml\/ \ /’\\_’

Decay process )

Bosons

W/
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Indirect detection

Prompt flux
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Indirect detection

Prompt flux
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Indirect detection
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Indirect detection
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Dark matter annihilation in galactic halos at

present time

X q

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

X X
Y

CHIARA ARINA, 16/05/2024
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Dark matter annihilation in galactic halos at
present time

Loop-induced diphotons

Virtual internal bremsstrahlung (VIB)

AAVAVAVR"

X —q

X S
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Benchmark 1: coupling to ur

We consider all models coupling to ur quark

Name DM Mediators Parameters 6N total
|
e (e M)
SoM-rd X ©Qsy Pusy Pds My, My, A, . -
S3D_3rd X Fermionic DM (Majorana
“saMwR N % and Dirac) and scalar
@ X - g mediator
F3S_uni S
F3C_uni S Vay Yup Vg
 F383d4 0§ )
F3C_3rd S Vas: Yus) Vis Ms, My, Ay
—————————————— Scalar DM (real and
ey > complex) and fermionic
mediator
Vs Yuypy Yag
Yau; Yuss Yas My, My, Ay Vector DM (real and

________________ complex) and fermionic
P > mediator




Benchmark 1: coupling to urcomplex case

From arXiv:2307.10367

e e 10!
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My/Mx —1

Benchmark 1: coupling to urreal case

10!

— T 10! 103 ——rrrr T 10!
e ID gamma rays I ° amma rays
10 : :B g:ﬁsr?)t?:ss' o DDQS' ’ ° :B gnti-proto:s
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¢ Zdecay 10° L B 100 107 © 2 decay 10°
101 Lot
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2\ x ~<
100 B ~ § | , AR /
o2 3 0 {10-2  10°F i 11072
1075 |10-3 107 10> 07 {107
10-i00 T Tl a 10 ioo 00 — 10 4 10° 10t y %geV] 10° 104
MX [GeV] Mx [GEV] X
ASSUMING WIMP SCENARIO
AND CORRECT RELIC FREEZE-IN REGION AND
DENSITY VIA FO COSMOLOGY COMPRESSED SPECTRA TO BE
EXCLUDES A LOT BUT STILL INVESTIGATED STILL...

VIABLE BENCHMARKS

From arXiv:2307.10367
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Benchmark 2: coupling to tr

Real scalar particle as X and fermionic
particle as Y
(Mx, My, \)

From arXiv:1804.05068
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Begchma% ﬁ\ll %oupling to trfor freeze-in
and super

- From arXiv:2111.09321
Majorana particle as X and scalar /b‘

particle as Y \ |
(Mx, My, A) | | — logjody
N

108 [ : N Am=my—my
— O
> :f °&\
(D]
) !

%
s 105F —2W N
< O
N N
o “ . 4\%}?
104 | ot
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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!
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Bound states and Sommerfeld
enhancement (from arXiv:2203.04326)

_das 1] _2as 3]

OSE,[R]Vrel = C[R]S0,[R] 00, V(r)sgs = :1))07; i V(r)ses = :1));
-|-6—3 8] +-— 6]

r 3r

2 5)
0323—ggUrel = 03R3—¢g,0 ;So,[l] + 750,[8] )
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