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Provide advice about searches & parameter spaces of simplified models
Defining benchmark models and mterpretanons for DM searches
Facilitate collaboration across the LHC expenments and theory

Open and topical meetings, with O(100) mteres,ted physicists participating
Facilitate development of higher-precision calcuiations for backgrounds
Interface to direct and indirect detection communities
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L HC DM WG context Working Groun

e |ogistics: Open to newcomers!
Website Easy to contribute!
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LPCC

Indico agenda space, t-channel rolling agenda

Mailing list for discussion/questions (everyone subscribed can post):

m |hc-dmwqg-contributors@cern.ch, subscribe

Mailing list for t-channel studies (everyone subscribed can post)

m |hc-dmwag-contributors-tchannel@cern.ch, subscribe

Mailing list for announcements (restricted posting, write to organisers)

m |hc-dmwg@cern.ch, subscribe e LHC DM WG organisers (email us):
Mailing list DM WG organisers: o ATLAS: James Frost, Priscilla Pani

| o CMS: Phil Harris
m |hc-dmwg-admin@cern.ch o LHGCD: Xabier Cid Vidal
O

Theory: Uli Haisch, Tim Tait
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LHC Physics Centre at CERN
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LHC Dark Matter - %::

s-channel mediator models Working Groun

e Strong motivation (as strong as t-channel)
e Ansatz:
o DM-mediator interaction
o SM fermions-mediator interaction
e Mediator can be a vector vs scalar
o (gauge vs Yukawa type of couplings)
o Chiral structure (LH, RH) for SM Mediator
fermions can be important
e Complementary signatures:

¥ SM sector »  Dark sector

Mass

o X+MET final states, X+ISR A
o resonance searches Dark Matter
\J
Phys. Dark Univ. 26 (2020) 100371 \

Phys. Dark Univ. 27 (2020) 100365
Phys. Dark Univ. 26 (2019) 100377 6



s-channel mediator models
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95% CL exclusions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-006/fig_02.png
https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/Scalar_METX_Summary_obsnexp.png
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s-channel connections: relic density Working Group
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-006/fig_02.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2014-08/fig_14a.png
https://arxiv.org/pdf/1508.06608.pdf
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the remaining non-LSP dark matter is invisible to the direct detection experiments. When accepting or 10
rejecting models, the calculated value is allowed to be up to a factor of four higher than the limits obtained |

by the experiments, to account for nucleon form-factor uncertainties [33].
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s-channel connections: direct detection Working Group

Direct detection input:

e WIMP assumption + local DM
density + type of interaction

e In simplified models, highlight
complementarity between
colliders and direct detection
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2014-08/fig_16a.png
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s-channel connections: direct detection
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LHC DM WG: past activities

LHC Dark Matter %

Working Group

e Series of White Papers published
in Phys. Dark Univ.
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Dark Matter Benchmark Models for Early LHC Run-2 Searches:
Report of the ATLAS/CMS Dark Matter Forum

Phys. Dark Univ. 26 (2020) 100371

" Recommendations on presenting LHC

August 8, 2016

56;2 searches for missing transverse energy
CiteScore

signals using simplified s-channel models
5.66 of dark matter

mpact Factor Phys. Dark Univ. 27 (2020) 100365

Recomfnendations of the LHC Dark Matter
Working Group: Comparing LHC searches for

heavy mediators of dark matter production in

visible and invisible decay channels

Phys. Dark Univ. 26 (2019) 100377
LHC Dark Matter Working Group:

Next-generation spin-0 dark matter models
Phys. Dark Univ. 27 (2020) 100351

Next White Paper

t-channel mediator models
14
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Report of the ATLAS/CMS Dark Matter Forum

in Phys. Dark Univ. Phys. Dark Univ. 26 (2020) 100371

Recommendations on presenting LHC
56;2 searches for missing transverse energy
CiteScore

signals using simplified s-channel models

5.66 of dark matter .
Factor Phys. Dark Univ. 27 (2020) 100365

mpact Factor

August 8, 2016

Recommendations of the LHC Dark Matter

Working Group: Comparing LHC searches for

% many other heavy mediators of dark matter production in
SIgRE.UIBS visible and invisible decay channels

Phys. Dark Univ. 26 (2019) 100377

LHC Dark Matter Working Group:

Next-generation spin-0 dark matter models
Phys. Dark Univ. 27 (2020) 100351

Next White Paper
t-channel mediator models
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https://arxiv.org/pdf/1507.00966.pdf
https://arxiv.org/pdf/1603.04156.pdf
https://arxiv.org/pdf/1703.05703.pdf
https://arxiv.org/pdf/1810.09420.pdf

LHC Dark Matter - %::

Extended Higgs sectors: 2HDM+a Working Group ¥

e Compelling: Higgs sector “special”
e Ansatz:
o Extended Higgs sector:

bt
zin ?

t A/ / bt/ )
- ( ' N b/i/)

= 2HDM as simple UV-complete n g i
Higgs sector extension ’ SM sector Dark sector
a,: portal to DM =
. . . A
|ntlelrest|ng ihysms fromA, - a, o
mixing — A, a §
e Complementary signatures: ! a, mediator
o Prominence of h+MET, Z+MET, A
Wit+MET (not in othgr models) P
o non-resonant, e.g., jet+MET V| Dark Matter
o resonant visible channels, e.g., tt v
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Extended Higgs sectors: 2ZHDM+a

LHC Dark Matter

Working Group

CMS

s m, =150 GeV
s m, = 300GeV

\ m, = 400 GeV
100 ¢ \

theory uncertainty

35.9fb~' (13TeV)

my = 250 GeV
m, = 350 GeV
m, = 500 GeV

[
g 10| i
£ ;
0
| 2HDM+a, h — bb
sind=035tan3 =1, m =10GeV, my = my = my
01 F sold (dashed) lines: observed (expected) limit at 95% CL o
Unc. band: +1 std. dev. on axp. limit g
i N s L L N X =
200 400 600 800 1000 1200 1400
(GeV)

— cf. Kristian’s talk for details

—E7+t
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JHEP 06 (2018) 108
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EPJC 78 (2018) 18

—EM*+h(bb)
PRL 119 (2017) 181804

1 —ET=+h(yy)

PRD 96 (2017) 112004

—Ers4 Z(1l)
PLB 776 (2017) 318
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JHEP 10 (2018) 180

JHEP 09 (2017) 088

0.9

> 102 E - : : : : T .
o FATLAS 2HDM-+a, Dirac DM ]
£ -1
& Y5 =13TeV, 36.1 fb m, =10 GeV, g, = 1 ]
) e %ﬁfe/?viﬁ m, = 200 GeV 1
-- Expected m,=my=m,. =600GeV
10 tanp = 50: E:‘“+b5
tanp = 0.5: E'T“‘Ss+tf, it
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m,=10GeV,g =1
m, = my, =m, = 600 GeV
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PRL 119 (2017) 181804
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EPJC 78 (2018) 18
JHEP 06 (2018) 108
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250 300 350 400 450 500 550 JHEP 11 (2015) 206,
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https://indico.cern.ch/event/858855/contributions/3863226/attachments/2048157/3432164/kbjorke-DMLHC2020-200602.pdf

: - LHC Dark Matter -
Navigating (DM) theory space Working Groun .

Less Complete Next White Paper

t-channel mediator models

Effective Field Theories
Models

Simplified
Models

Higgs ~
portal ™

UV Complete

Ny Lt Models
Sketches of Models- - -.......--" :

Figure: Tim Tait Complete



t-channel mediator models

LHC Dark Matter 3
Working Group

e Strong motivation (as strong as s-channel)
e Ansatz:
o DM interacting with SM fermions and
a mediator
e Corollary:
o SM mediators must carry charge
(since SM particles carry charge)
o mediator shares the symmetry that
stabilises DM
= Mytediator ~ Mpm
o Different possibilities for DM and
mediator spin QN, but one must be a

fermion, and the other a boson

Mass

] ———L -

SM sector

A

Dark sector

Mediator

A
Dark Matter
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LHC Dark Matter - %::

t-channel mediator models Working Grouy W&

e Self-consistent mediator-SM pairing: g g <
o LH quarks - :
o RH up-type quarks 3 _.____,”1__<\
o RH down-type quarks !
o leptons %A SMsector 4  Dark sector
e Signatures: =
o No restriction across families Mediator
m can have interesting flavour
dependence beyond MFV
o No resonant mediator searches! A
m MET ubiquitous! Dark Matter
o Possible long-lived particle signatures :
v
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LHC Dark Matter %

BaSiC Sigﬂa’[ureS Working Group

e Example Lagrangian for Dirac DM coupling to 1&2"? families
LD ggx Zi:l,z(QL,iTlL,q.,; + UR,iNRu; + driNR,4;)X + h.c.

LH quarks RH up- and down-type quarks
quark-DM coupling  LH mediators Dirac fermion DM
9/v/v
q X
q/b X Q/b\/x

\Jet + MET: nq U% (1/) \&’/1/’/1

q X 9 % a/b

([ —— - - - _

g q

Di-jet + MET: \ <:> >) -

] ——L - - .).II:I_ - .. g

‘/ Reinterpret & reopt|m|se

t-channeéel
@ »

9
-channel @

n'™
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https://arxiv.org/abs/1402.2285

LHC Dark Matter x&_
Working Group "

Email LHC DM WG organisers
Discuss vour DM question
Discuss t-channel models

Few DM-related initiatives:
https://snowmass?1.org/
JENAS initiative

A


mailto:lhc-dmwg-admin@cern.ch
mailto:lhc-dmwg-contributors@cern.ch
mailto:lhc-dmwg-contributors-tchannel@cern.ch
https://snowmass21.org/
https://indico.cern.ch/event/869195/

LHC Dark Matter - %::

Summary Working Group L

e Past LHC DM WG White Papers: Email LHC DM WG organisers

Discuss your DM question
Discuss t-channel models

o instrumental in guiding LHC DM searches
e Current focus: next white paper on t-channel models
o Series of dedicated meetings organised to share results
o Uber-UFO ready to study different spin and coupling assumptions
m Previous ATLAS & CMS models mapped
m Basic sensitivity laid out for 15t generation searches
m Converging on first 1%t generation recommendations
o Great range in pheno+experimental space to explore & contribute:
m Impact of spin & coupling assumptions, 3™ generation couplings
m Connection to LLP signatures
m Constraints from flavour sector
o — |f interested, please get involved!
m Jopics & sign up, discuss findings, rolling agenda
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https://docs.google.com/document/d/1sr3YnmsEK6OA_vDlV5IXSXvdzPI5DBP3yZ1Co2n7rJI/edit#heading=h.fzrlj6i9n96v
mailto:lhc-dmwg-contributors-tchannel@cern.ch
https://indico.cern.ch/event/918619/
mailto:lhc-dmwg-admin@cern.ch
mailto:lhc-dmwg-contributors@cern.ch
mailto:lhc-dmwg-contributors-tchannel@cern.ch

LHC Dark Matter %

GOiﬂg beyOﬂd Working Group

e Study impact of spin of DM particles g ;O §TTTTOY >0 g
. . I g A ' //:r
o Majorana DM has more diagrams zzgym Ao ZES{)

* |

N

o Quantify effect on which phase-space b,

. ' 1) |
regions are relevant? | Dirae DM,O PN Fr———

|

| |

|

- I ;o I

e [ry out DM properties: : >,m’m:’ N \ I
o Dirac/Majorana fermion - (VTR N P R !

|

|

|

|

V9" g TBEOOOL--<---0" ¢

o Scalar (a4) (b) (c1)
l— O [ —e——r e [ —— , 0
O veCtor I \\ // \\ }/
\, \< \ \ \<
VRN /// A

3 I A ! Ik = >
! ( ———- N —e—L--e--- ) ([ —— Y

“*Universal models (uni):
Name DM Mediator: S Parameters % | dark matter partic'e 2 ) i .
* |2 mass-degenerate mediators I (c2) (c3) M aJ O ram a D

p
* I ﬂavour_conserving coupling _— — _— — _— — _— — _— — _— — _— — _—

S3M-uni

3

,,Z%’E?,,,},,fi ;"ffi‘,, My, My, A ltx,m(.\f):r‘:%;”l ;[A;,\—wi, +hel ° Impor’[ant step forward;

::sD\:; % % 3rd generation models (3rd): o NeW U ber_ U FO [l,z’ﬁ] aval Iable

: ; . Yoy Yups Ya, * | dark matter particle
. X <
il cesisiee o m R * 4 mass-degenerate mediators

*Iﬂavour-covnse_rvivr‘lg coupling u Can do a” DM Spln
iii:i : .aum(xl = FZ%;A [\XFsel, +1hc] hypOtheSeS
oy Y% #UR models (R): o Uber-UFO validated against few

”””””””””” * | dark matter particle

| e e Sl b existing implementations

* Coupling to the right-handed up-quark :

— cf. Chiara’s talk for details

Lywr(X) = {/\,-X’unﬁf,, + ll.(‘.] 27


https://arxiv.org/abs/2001.05024
https://github.com/LHC-DMWG/DMWG-tChannel-whitepaper/tree/master/tutorial/colliders
https://indico.cern.ch/event/900402/sessions/347622/attachments/2026825/3391002/go
https://indico.cern.ch/event/858855/contributions/3863199/attachments/2048129/3432095/CArina_talk_tchannel.pdf

LHC Dark Matter -
Working Group

Previous work

e Fermion portal DM [1,2] °
o CMS monojet
o (Coincides with S3D_uR
restriction for Uber-UFO

Scalar color-charged model [1,2]

o ATLAS monojet

o LH coupling 1t gen. restriction
for Uber-UFO worked out

o Previous results reproduced [1] o Previous results reproduced
35.9fb" (13 TeV) _ , 1 P
% 1200 T o ¥ _ o 1200~  ATLAS Expected limit = 2 0y ]
0] i etsa . 1 <. 9\ Vs =13 TeV, 36.1 " onctod it (e 1
‘—\;1000_ = = == Median expected 95% CL N ;\J: E ek 05% CL limits == Expe imit (= 1 0,,,)
g B -- =1 O axperiment ] bm Coloured scalar mediator — Observed limit (= 1 U:;::u:“w’
i Observed 95% CL » g, B 9 ? g=1
8001 . served 95% add é.\ nSltl\/lty_ = 1 2 500 " —— Relic density (MadDM)
TR et z0.2 - % 3 § {1
600 ~ ; § © - . A dd sensitivity
~~~~~ : 600 g : .
B <o s DR AR with dedicated
i i ?
200} 200} " \\
. \
. i
102 0 | ‘ . L L
500 1000 1500 2000 2500
m, [GeV]
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https://arxiv.org/abs/1308.0612v3
https://indico.cern.ch/event/806526/contributions/3385614/attachments/1834881/3006058/2019-04-26_dmwg_tchan.pdf
https://arxiv.org/abs/1712.02345
https://indico.cern.ch/event/857667/contributions/3615409/attachments/1934783/3205934/DMWG_tchan_29_10_2019.pdf
https://arxiv.org/abs/1402.2285
https://indico.cern.ch/event/806526/contributions/3385626/attachments/1835036/3006139/milliem_LHCDMWG_tchannel_26042019.pdf
https://arxiv.org/abs/1711.03301
https://arxiv.org/abs/1711.03301

LHC Dark Matter %

Previous work Working Group
e Fermion portal DM [1,2] e Scalar color-charged b model [2,3]
o CMS monojet o ATLAS mono-b-jet
o Coincides with S3D_uR o RH coupling 3" generation
restriction for tber-UFO o qualitatively similar kinematic
o Previous results reproduced [1] behaviour to 15t gen case
35.9fb" (13 TeV)
;1200_' T [ b ot T 1 gy oo _E c b-Flavoured DM, ¢, = b, . set acc?rdmg to the relic density
s [ oms D 1 < > 100 L ATLAS )
100 T Medenexpecedsenal - K o | | (s=13 TeV, 36.1 fb” _
= i == = 1 orpormen ] 8 %3 80 F | SRb1 Limits at95% CL |
800_— Observedss% CL add _:1 QE) ‘.: T S::ee;\t/ee: ()
RN ox? 2 0.12 % : § 60 i : oxp ;
L \ 4 O - — Eib, 20" (5=8TeV 1
600_ : ‘\\
- 40 i :I —— E'T'"’¢2b, 36.1fb", f5=13TeV N
4001 10" : G I
i 20 | ;
N

AR R 10 700 800 900 1000 1100 1200 1300 1400 1500 1600
500 1000 1500 m(9,) [GeV]

mq,u [GeV] 29



https://arxiv.org/abs/1308.0612v3
https://indico.cern.ch/event/806526/contributions/3385614/attachments/1834881/3006058/2019-04-26_dmwg_tchan.pdf
https://arxiv.org/abs/1712.02345
https://indico.cern.ch/event/857667/contributions/3615409/attachments/1934783/3205934/DMWG_tchan_29_10_2019.pdf
https://indico.cern.ch/event/806526/contributions/3385626/attachments/1835036/3006139/milliem_LHCDMWG_tchannel_26042019.pdf
https://arxiv.org/abs/1404.1373
http://arxiv.org/abs/1710.11412

Fermion portal == S3D_uR

LHC Dark Matter
Working Group
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