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Science

The Universe is out there, waiting for you to discover it.

The quest for particle dark matter has led us to look for WIMPs that may recoil with atomic nuclei. The
LZ Collaboration will provide the best limits on WIMP-nucleon cross-sections of all, but the best
motivated scenarios for having a weak-force-driven particle at or near the electroweak scale make up
100% of the dark matter are already ruled out. LUX-ZEPLIN (LZ) COLLABORATION / SLAC NATIONAL ACCELERATOR

LABORATORY

Dark matter 1s not only the most abundant form of matter in the Universe,

1o 1Es,a)s0. the most mysterious. Whereas all the other particles we know of —
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lightning review of GAMBIT
Global And Modular Beyorithe-SMs Inference Tool

the status of:
w {a b alLIAyYy nzZ oz M
W { a b ocbpEsAkd@xdonlike particles
w O2YyAaluN)AYSR @udsM nar@i2)y S dzd N
w a {-4 MSSMEW neutralino

C Balazs 2019 Jun 14 Valencjgage 3 of 40




- “‘!\ 4

GAMBIT at aiglance

next gen:lob:! fitting
framewmrlk ~'

plug&play -« - to calc
\ observables
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GAMBIT ad

opensource code to calculate
observables and likelihoods for
generic Beyond the Standard
Model(s) theories

designed to allow easy definition
of new models, observables,
likelihoods, samplers and backend
physics codes

https://gambit.hepforge.org
EPJC 77 (2017) 784 arXiv:1705.07908

11 experiments

ATLAS, Bell, CLICCMS, CTA, FerbAT,
DARWINIceCubeLHChSHIPXENON
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40+ community members
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Farmer, A Fowlie, T Gonzalo, W Handley, S
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Harz, P JacksonMahmoudi G Martinez, A
Raklev, Renk C Rogan, R deustri, P Scott,

P Stocker A Vincent, @Veniger M White, Y
Zhang

14 major theory codes

DarkSUSYDCalcDiver,FlexibleSUSY
gamlike GM2CalclsaJetnulike, PonChord
Rivet, SOFTSUS\a,perIsoSUSW P
WIMPSIim —




GAMBIT modules

provide GAMBIT with a range of capabillities
to calculate a certain quantity

ColliderBit fast LHC sim., Zdhs.& bt f A Y ArXivd7%¥5.07919

DarkBit DM abundance, diresI A YV RA NI O § arxir 1308.d390Di
DecayB¥Y {a 9 Dbt o{'{. X0 R&SQL765.0796\ |
FlavBiY bt O6{ ! { X0 Tl @2 NJ axd:H0S5.MNIZ8
PrecisionBY 92 LINBOAA&AAZY 20 adxXNIFds.@d36S
SpecBitNP masses, mixings, couplings, RGEs... arXiv:1705.07936

ScannerBY a4 YL Ay 3s LI N} YS GSNI0s97858 d

Coming soonCosmoBitNeutrinoBiE | YR Y 2 NB X
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DarkBlToverview

DarkBit Module Backends

module and backends
are functionally MSSM|/SingletDM

separated J/
mOdUIe draWS . Process Catalog /

capabllities and info

T

from backends and / Nucleon couplings [~
processes them
- Gamma/Nu yields NuLike
If two or more o IceCube
baCkendS Can Supply the Boltzman:solver { GamlLike
same capability they can GC, dwarfs
be plugged&playedt Y 2 ' DDealc
ru ntime InL indirect InL relic InL direct on. LUX
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GAMBIT results related to dark matt

EFTs: SM + scalar, fermion, vector singi&fiest DM model)

EPJ C77 (2017) 8 568 arXiv:1705.07931
EPJ C78 (2018) 10 830 arXiv:1806.11281
EPJ C79 (2019) 1 38 arXiv:1808.10465

axions, axioflike particleSQcb axion, DFSZ, KSVZ, generic ALP
JHEP 1903 (2019) 191 arXiv:1810.07192

constrained SUSY: CMSSM, NUHM1, NU{dM2cale 5Cs) 4
EPJ C77 (2017) 12 824 arXiv:1705.07935 ff@'« |

low-dim SUSY: MSSKIMSSMEW weak scale BCs)

EPJ C77 (2017) 12 879 arXiv:1705.07917
EPJ C79 (2019) 5 395 arXiv:1809.02097

more EFTs, more ALPs, more SUSY and other quads K |
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the Standard Model

spin 0 Yo
0|6 ®w| o] Q
Qi ||
Q' | T lw
Higgs matter force
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the simplest dark matter particle

Oll6 | wl ol
v Qi |7
Q" [ T]lw

new spin O particleY
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the simplest DM: a new spin O partiché

Oll6 w 0] 0
v Qi ||
Q" [ T]lw

Higgs couplings to standard particles
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the simplest DM: singlet coupling via Higgs portal

Ol 6 w 0] 0
v Qi @7
Q" [ T]lw

Higgs coupling to singlet dark matter particle
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scalar singlet dark matter

(3} (3 p w (3} 4 p \
fl =l SO 4 = ui Y Y o ‘ =40
G ¢

Constraints Uncertainties, nuisances
wDM abundancepper bound

wWDM direct det.LuxPandaX
SuperCDMSXENON100, XENONAIT

wDM indirect det.
FermiLAT dSphg, IceCube79

WLHMiggs data

Mo VYdzZial yOS LJ
f 20t 5a RSyai
V dzOf S| NJ LIK& & A C
| A33&a | yR ljdz I
3 dzZ3S O2 dzLJ A Y =

€ & € € €
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scalar singlet dark matter

GAMBIT 1.0.0 GAMBIT 1.0.0
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wleft frame: constraints are closing in, but plenty of parameter space still viable
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scalar singlet dark matter

GAMBIT 1.0.0 GAMBIT 1.0.0
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wright frame: CTA will probe the region with high and annihilation cross section
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scalar singlet DM

direct detection
already constrains
the model but
ultimately is
challenging

logqg (f : ng/cmz)
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d symmetric scalar
singlet DM

direct detection and
relic density the most
constraining

white contours:

1, 2AyO0ftd -9bhb
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next simplest dark matter

Ol 6| w 0|0
Qi Wl
Q' | T lw

a new spin 1/2 particle..
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next simplest DM: singlet fermion

06w 0] Q
Qi ||
Q' | T|lw
couples to SM via the Higgs
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Majorana fermion singlet dark matter

GAMBIT v1.2.0 GAMBIT v1.2.0
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still simple dark matter

l—d
t

Ollo0|lw| 0| Q
Qi ol
Q' | T|lw

new spin 1 particle ¢

C Balazs 2019 Jun 14 Valencjgage 21 of 40




simple DM: vector singlet coupling via Higgs portal

l—d
t

Ol 0|l w| 0|l Q
Qi ol
Q' | T|lw
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vector singlet dark matter

GAMBIT v1.2.0 GAMBIT v1.2.0
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wvector singlet WIMPs might be challenging to probe
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axion andaike particles

O|0 | w| o} Q
Qi | |
Q" | T ||lw

the pseudeGoldstone of the PQ symmetry: spird0
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QCD axionQ, s ,ors, —

i P of 2 @00 0 R QO
Y Q T cQ
Constraints Uncertainties, nuisances

wlight shining through wallLPSs
whelioscopes ' { ¢ QnTts www N YydzZial yoS LI N

whaloscopesy. C> | CZ-Qh 3 - YWy

wDM relic densityrlanck

wastrophysiC$ESS, SN1987a,
HB/RGB stars (R parameter)

C Balazs 2019 Jun 14 Valencjaage 25 of 40



QCD axionQ, s ,'ors, —

Bayesian analysis
preferred axion mass
range and couplings
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w a wl:finetuning
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overproduction

w { & NIEhStuning
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experiments

0.6
—22

0.4

xew 1 /4 Aiqeqord oaneoy

—24

i
o

Axion-photon coupling log, (ga'}f’y/ eV_l)
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axionlike particles

w R2YAYIOGAY I~
constraints: CAST,
haloscopegUF, RBF and
ADMX), H.E.S.S., R

GAMBIT 1.3.0
|

1.0
Prof. likelihood

=== (Combined limits., 20 C.L. (2 d.o.f.)

I
©

0.8

V OI3eI POOYI[dYI] (oI ]

parameter, SN 1987A - 06
w O0FYyR 2F v/ o
models (blue shaded I 1
region), DFSZ, KS¥pe 02 5

models (yellow lines)

Axion-photon coupling log; (|gay~|/GeV ™

—10

Axion mass log,y (mq.0/eV)
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the Minimal Supersymmetric Standard Model

~Y ~Y
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simplest SUSY D{gvssM, NUHM1&2U3 BCs)
0 -

fl x b .80ps a 00 E r OO0 0 O00yR0O E
Constraints Uncertainties, nuisances
wDM abundancepper bound W p YdAaly SS LI 1
wDM direct det.8 experiments w f20Ff 5a RSyaj
wDM indirect det. w Yy dzOf SI NJ LIK& a A (
FermiLAT dSphg, IceCube79 w | A33Fa |y R j dzI |
WEW precisiow mass)Q0 ¢z X 3 3| dzZ38 O2 dzLX A Y -

w59 flavor observables
wLHO A33a RIEGEEZ {1 {,
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neutralino DM In the CMSS§ r , B 1O A FO E‘C Tu nuisances)

GAMBIT 1.0.0 GAMBIT 1.0.0
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neutralino DM In the CMSS§ r , B 1O A FO E‘C Tu nuisances)
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neutralino DM In NUHM1&2 m r o , B O A FOE'CTunuisances)

GAMBIT 1.0.0 GAMBIT 1.0.0
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MSSMY7/ (weak scale BCs)

fl x 0 .$0ps a 00 g '00 6 '00;0 E
Constraints Uncertainties, nuisances
wDM abundancepper bound
wDM direct det.8 experiments w t20Flf 5a RSya#
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w59 flavor observables
WLHO A33a RIGEFE {!'{., &4SINDKSaxz X
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neutralnoDMINn MSSM@® m mm m M AT unuisances)
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neutralino DM In MSSM @©® ® f

GAMBIT 1.0.0
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w... co-ann. and light Higgs will be probed by dark matter direct detection experiments
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neutralino DM in MSSM@©® m R i

W MOAT uvnuisances)
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neutralino DM In the MSSMW® W f OAT ¢ nuisances)

decouple everything except."
w FTNBS 0692 aOlfS0 LI NIY¥YSUSNAY
0 W HIOAT | h
w F20dzaY AYLI OU 2F O2ffARSNI RFULI
various LEP cros®ction limits
ATLAS muHepton: 23 leptons + & jets
ATLAS RJ:2leptons, recursive jigsaw variables
ATLAS 4lep: at least 4 leptons
ATLAS 3hhiggsinosn doubleHiggs final states
CMS multiepton: (similar to ATLAS)
CMS llep(H)bb: 1 lepton plbbarfrom H

CMS 2SFOSIlepft: two SFOS leptons (virtual W/2Z)
CMS 2SFQOSlep: two SFOS leptonsigeit W/Zdec)
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