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Motivation

Study of scenarios based on the schematic interaction

mediator (Y)

dark matter (X)

SM

A white paper on t-channel scenarios has been written

Joint effort TH-EXP to provide guidelines and benchmarks
for new analysis during Run 3 and future upgrades

Luca Panizzi t-channel DM models benchmark proposal 1 / 12



Why is this important?

Representative of classes of theoretical scenarios

MSSM UED FPVDM
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Complementary to s-channel

t-channel s-channel
mediator always heavier than DM mediator can also be lighter than DM

even number of mediator+DM in interactions odd mediators allowed in interactions

But interferences can happen in non-minimal/full models. . .
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Which signatures
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Not all processes might be possible at tree-level

depending on coupling or mass splitting

Mediators
with prompt decay

MET+SM

Long-lived mediators
Bound states

Displaced vertices
Delayed jets/photons

depending on which SM particle

quark-philic
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1st generation
2st generation
3st generation

universal
. . .
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lepto-philic

Interacting with SM gauge bosons ( Z=W) or the Higgs boson

De�ning “benchmarks” is rather challenging

Luca Panizzi t-channel DM models benchmark proposal 3 / 12



I will propose some rationale
and some example for quark-philic DM

at least to help setting priorities

But check the white paper for lepto-philic, LLP, non-minimal models. . .
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Simpli�ed scenarios
Starting point to for reconstructing full models

with multiple mediators or DM candidates

Real DM

Mediator spin

0 1=2 1

DM
spin

0 � F3S �

1/2 S3M �
not

available
1 � F3V �

Complex DM

Mediator spin

0 1=2 1

DM
spin

0 � F3C �

1/2 S3D �
not

available
1 � F3W �

The “� ” are because these are quark-philic models: the SM spin is always 1/2

Examples of theories which can be described by these simpli� ed models

S3M SUSY: squarks+neutralino (Majorana fermion)
F3S UED: KK quark partners + KK photon (real scalar)
F3W FPVDM: vector-like quark + vector DM (non-abelian gauge boson)

universal scenarios
L � � Yf Xqf with same � for each qf

MFV scenarios
L � � u

mf
mu

Yf Xqf

Luca Panizzi t-channel DM models benchmark proposal 5 / 12



The rationale
2 masses ! 2D plane 1 coupling

Mediator mass
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Region not allowed
in t-channel
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The rationale
2 masses ! 2D plane 1 coupling

Fixed coupling

m Perturbativity under control
. Large width for large MY and low MX
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The rationale
2 masses ! 2D plane 1 coupling

Fixed coupling

m Perturbativity under control
. Large width for large MY and low MX
» Relic density

3 multi-DM if underabundant
7 model tuning if overabundant

( weakens for larger couplings
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On top of this: how relevant are QCD NLO corrections?
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The up quark
right-handed projection

up and down large PDF enhancement for YYt, unique to these two quarks
u; d

u; d
X

Y

Y
M / � 2 ! � / � 4
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The up quark
right-handed projection

up and down large PDF enhancement for YYt, unique to these two quarks

Fixing the coupling: � = 3:5

t-channel whitepaper, Eur.Phys.J.C 85 (2025) 975 Phys.Rev.D 108 (2023) 11, 115007 (supp. material)

The available space is really narrow
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The up quark
right-handed projection

up and down large PDF enhancement for YYt, unique to these two quarks

Changing the coupling: � = 2 ! 4

Larger coupling is better but larger widths.
(and what about higher orders in � ?)
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The up quark
right-handed projection

up and down large PDF enhancement for YYt, unique to these two quarks

NLO/NWA vs LO/LW

Largest differences are mostly in cosmologically critical regions, and LO � NLO

Preliminary
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The up quark
right-handed projection

up and down large PDF enhancement for YYt, unique to these two quarks

Fixing the mediator width/mass ratio: � Y=MY = 0:05

t-channel whitepaper, Eur.Phys.J.C 85 (2025) 975 Phys.Rev.D 108 (2023) 11, 115007

Allowed region with large coupling and again, LO � NLO
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The up quark
right-handed projection

up and down large PDF enhancement for YYt, unique to these two quarks

Do we need a differential K-factor?

In the relevant region, LO + global K-factor should be enough
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The up quark
right-handed projection

up and down large PDF enhancement for YYt, unique to these two quarks

Changing the coupling: � Y=MY = 0:01 ! 0:5

Larger widths are better, as expected. But allowed coupling s are large.
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The up quark
right-handed projection

up and down large PDF enhancement for YYt, unique to these two quarks

Changing the coupling: � Y=MY = 0:01 ! 0:5

LHC bounds are very sensitive to width changes

Preliminary

Luca Panizzi t-channel DM models benchmark proposal 7 / 12



after repeating the exercise for F3S and F3V

possible starting points for right handed up and down quarks

S3M with � & 3:5 and/or 0:05 . � Y=MY . 0:1
F3S with � & 4:5 and/or 0:05 . � Y=MY . 0:1
F3V with � & 1:0 and/or 0:01 . � Y=MY (only LO)

at LO with full width effects, and possibly applying a global K-factor

But current bounds are already in the multi-TeV range
How much room for improvement?
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Charm and strange quark
right-handed projection

charm tagging potential, perturbative/intrinsic PDFs
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Charm and strange quark
right-handed projection

charm tagging potential, perturbative/intrinsic PDFs

Fixing coupling for S3M
within cosmologically reasonable ranges

The interplay between contributions is more involved
Also the LO/NLO relation is intertwined
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Charm and strange quark
right-handed projection

charm tagging potential, perturbative/intrinsic PDFs

Fixing mediator width/mass ratio for S3M
within cosmologically reasonable ranges

The interplay between contributions is more involved
Also the LO/NLO relation is intertwined

Luca Panizzi t-channel DM models benchmark proposal 9 / 12



Charm and strange quark
right-handed projection

charm tagging potential, perturbative/intrinsic PDFs

Explaining the NLO/LO differences between charm and strange

Partonic luminosities are higher at LO for strange
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possible starting points for right handed up and down quarks

S3M with � & 3:5 and/or 0:05 . � Y=MY . 0:1
F3S with � & 4:5 and/or 0:05 . � Y=MY . 0:1
F3V with � & 1:0 and/or 0:01 . � Y=MY (only LO)

at LO with full width effects, and possibly applying a global K-factor

possible starting points for right-handed charm and strang e quarks

S3M with � & 2:2 and/or 0:05 . � Y=MY
F3S with � & 3:8 and/or 0:05 . � Y=MY
F3V with � & 0:5 and/or 0:005 . � Y=MY (only LO)

Kinematics study for NLO/LO, NWA/LW and PDFs are necessary
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Bottom and top quarks
right-handed projection

bottom tagging potential
top �nal states with leptons from its decay, limited number of pr ocesses:
XX (but only at one-loop) and YYQCD
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Bottom and top quarks
right-handed projection

bottom tagging potential
top �nal states with leptons from its decay, limited number of pr ocesses:
XX (but only at one-loop) and YYQCD

Both dominated by � -independent QCD pair production
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possible starting points for right handed up and down quarks

S3M with � & 3:5 and/or 0:05 . � Y=MY . 0:1
F3S with � & 4:5 and/or 0:05 . � Y=MY . 0:1
F3V with � & 1:0 and/or 0:01 . � Y=MY (only LO)

at LO with full width effects, and possibly applying a global K-factor

possible starting points for the other right-handed quarks

S3M with � & 2:2 and/or 0:05 . � Y=MY
F3S with � & 3:8 and/or 0:05 . � Y=MY
F3V with � & 0:5 and/or 0:005 . � Y=MY (only LO)

Kinematics study for NLO/LO, NWA/LW and PDFs are necessary
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What is available after the white paper

Numerical models and analysis tools to reproduce results and generate new ones
Database of NWA@LO+NLO MC samples for all channels (soon also LW@LO)
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What is available after the white paper

Numerical models and analysis tools to reproduce results and generate new ones
Database of NWA@LO+NLO MC samples for all channels (soon also LW@LO)

what still requires study

Higher-orders in �
Combine with s-channel

Include interferences to reconstruct non-minimal scenarios
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