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Dark Matter

Dark Energy

Favorite collider candidate: WIMP

 Weakly interacting, heavy, & stable
* Naturally accounts for observed relic density (WIMP Miracle)
» Should be produced atf the LHC

Complementary to dedicated DM experiments

“make it" “shake it"” “break it"”
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Collider Direct detection Indirect detection

CIPANP 2022 Joseph Haley 2b



)

L General Collider Strategy

EXPERIMENT

« Resonance searches: y=jj/bb/tt/t

o ETmiss + X

» DM particles escape detection
= | meiss | = ETmiss

» Recoil against SM object(s)
=> X =jet,y, W, Z H/S, tt/bb, tW, ...
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EXPERIMENT

—— \
- Resonance searches: y—iji/bb/tt/&t q v, Z W g
o ETmiss + X
» DM particles escape detection 4
= | meiss | = ETmiss
> Recoil against SM object(s) q X
= X =jet, 3, W, Z, H/S, tt/bb, tW, ... ~ 7
This talk:

* A selection of the
most recent ATLAS
dark matter searches
= ETmiss + X

« Allresults using the
full Run 2 dataset
= 139 fb! of pp collisions
at Vs =13 TeV
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L Simplified DM Models

EXPERIMENT

Benchmark models defined in CMS/ATLAS Dark Matter Forum
Physics of the Dark Universe 27 (2020) 100371

« Dark matter assumed to be a Dirac fermion WIMP: ¥

« Boson mediator between SM and DM
» Spin-0: Scalar (S) or pseudo-scalar (P/q)

» Spin-1: Vector (V/Z’) or axial-vector (A)

« Minimal set of parameters: M, , Mmea . 9, 9g. Ge

8 @ X 8 t(b)


https://doi.org/10.1016/j.dark.2019.100371

Phys. Rev. D 103, 112006 (2021)
ATLAS ETmiSS + jet

EXPERIMENT

Sensitive to Pseudo-scalar and Axial-vector mediators

Select events with: q g X

> Large missing momentum: E;Ms > 200 GeV

> High-prjet from initial state radiation: p{¢' > 150 GeV 9q 9x
Za

> Veto eventswithe, u, 7,y

Main backgrounds from W/Z+jets (?0%), plus top


https://doi.org/10.1103/PhysRevD.103.112006
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ATLAS ETmiSS + jet

EXPERIMENT

Sensitive to Pseudo-scalar and Axial-vector mediators

Select events with:

q g9 X
> Large missing momentum: E;Ms > 200 GeV
> High-prjet from initial state radiation: p{¢' > 150 GeV 9q > 9x
> Veto eventswithe, u, 7,y !
Main backgrounds from W/Z+jets (?0%), plus top ! x

« Shapes modeled by state-of-the-art
Monte Carlo simulation

.....................

E (s=13TeV, 139 15"

%‘ Z(— uy) Control Region = Standard Model w.unc. 3

Events / GeV
2,

> NNLO QCD + NLO EW

[ P, (i)>150 GeV Z(— ) + jets
VBF Z(— Il /vv) + jets

Z (,Uﬂ) C R Diboson

tt + single top

« Normalization determined from data ‘°

» Four W/Z+jets Control Regions (CRs)
enriched in W(ev), W(uv), Z(ee), Z(uu)

Data/SM

» One top CR enriched in ft + single top
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ATLAS ETmiSS + jet

EXPERIMENT

ATLAS |

% 107 ¢ Data
0] Vs =13 TeV, 139 fb™ 5332 Standard Model w. unc.
. . . . g 10°F Signal Region — A
Perform profile likelihood fit g O s 150 ey
L|>J 10 S R VBFW( V) +jets
1o b
. . . . [0 Multijet + NCB
3 ~
» Simultaneous fit in five CRs and 10°8
102 L === DE, M::MSGGeV

one Signal Region (SR) .

» Fit pyecol = | pr | of system recoiling

Data/SM

against hadronic activity

(|ﬂ SR: pTrecoiI = ETmiss)

> 1.5-4.2% total uncertainty on

E Z(— pp) Control Region N\\\ Standard Modelw. unc. g
(i) > 150 GeV Z(— ) + jets
VBF Z(— Il /vv) +ets

Z (lulu) C R Diboson

tt + single top

8 0w
5 T T T T T |3 e
10°F ATLAS { Daa E
F {s=13TeV, 139 fb' E I

Events / GeV
3,

- Pr

background prediction

e Fit consistent with SM

= Set limits on DM production

cross-section and parameters

Data/SM
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ATLAS ETmiSS + jet

EXPERIMENT

Limits on Axial-Vector Mediator:
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See paper for additional limits on pseudo-scalar model, squark production, large
extra-dimensions, and invisible Higgs
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Phys. Lett. B 829 (2022) 137066

ATLAS E{™ss + Z(£f)

EXPERIMENT

q

Interpreted in H=invisible,
2HDM+a, and simplified DM models

Select Signal Region (SR) with:
> Two opposite-charge leptons (e*e”, u*u) q z X
> My € [76,106] GeV, AR, <1.8
> EMis > 90 GeV, E;mis signif. > 9 med


https://doi.org/10.1016/j.physletb.2022.137066

Phys. Lett. B 829 (2022) 137066

ATLAS E;miss + Z(#)

Interpreted in H=invisible,
2HDM+a, and simplified DM models

Select Signal Region (SR) with:
> Two opposite-charge leptons (e*e”, u*u) q z X

> My € [76,106] GeV, AR, < 1.8

> E;miss > 90 GeV, E{Miss signif. > 9 e
q X
Dominant backgrounds from ZZ and WZ
» Constrained using three Control Regions (CRs):
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ATLAS E{™ss + Z(£f)

EXPERIMENT

Simultaneous profile likelihood fit in SR and three CRs
» Simplified DM and 2HDM+a model * H=inv. uses Boosted

use mj distribution Decision Tree discriminant

?o 3 I B I B I L I I _‘g1000_’|"'|"'I"'I"'I"'I"'I"'_
0] - ATLAS . l;:zta 521 ] o - ATLAS * Data zz .
o B _ - || +ets o - _ -1 b
B gt Vs =13 TeV, 139 fb™ Non-res. Other = [ Vs=13TeV,139fb" MWz Zijets ]
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E 200
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gOS —: go'B?J ‘\..l..l‘.l..l..ll._;
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5> 12 i
\][\/m (P + \/mz - (Em) l [p E;HSS] Good ogrgemen’r with
SM prediction :-(

= Set limits on model parameters
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Phys. Lett. B 829 (2022) 137066

ATLAS

EXPERIMENT

E_I_miss + Z([{)

Limits on WIMP-nucleon cross-section complementary to direct detection
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Vs=13TeV, 139 fb
Axial-vector mediator, Dirac DM
g =025,g =1,g =0
q z I
—— Observed 90% CL
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ATLAS E;miss + Z(#)

Limits on WIMP-nucleon cross-section complementary to direct detection
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Interpreted as SM Higgs — invisible: BR(H—=inv.) = 0.003 = 0.09
« 45% better sensitivity beyond increase in luminosity!
« Competitive with VBF H=invisible

Also interpreted in 2HDM+a and simplified DM models

See also talk by Will Fawcett with more H=inv. and Higgs as a portal to dark sector.

CIPANP 2022 Joseph Haley 10b


https://doi.org/10.1016/j.physletb.2022.137066

ATLAS-CONF-2022-007

ATLAS E;miss + tt (tW,tq) °

EXPERIMENT

Focus on DM with spin-0 mediator
« Important in models with Min. Flavor Violation
» Yukawa-like coupling to mediator «« my ;

Combination of O, 1, & 2 lepton searches
Eur. Phys. J. C 80 (2020) 737, JHEP 04 (2020) 174, JHEP 04 (2021) 165



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-007/

ATLAS-CONF-2022-007
ATLAS ETmiSS + {t

EXPERIMENT

Focus on DM with spin-0 mediator

* Important in models with Min. Flavor Violation

» Yukawa-like coupling to mediator « my

Combination of 0, 1, & 2 lepton searches

(tW,tq)

Eur. Phys. J. C 80 (2020) 737, JHEP 04 (2020) 174, JHEP 04 (2021) 165

* Set limits on 0/Ciheory VS. Meya)

W
o

= Exclude m, up fo 370 GeV

o/ Gtheory
n
o

3x10~"
2x107"

— ttoL
— {1l
— 2L

———— combination

T IIIIII|

..... expected limits
observed limits

DM+tt and DM+t

T T T T T T T T T T I T T

ATLAS Preliminary .

Vs=13 TeV, 139 b
All limits at 95% CL

Scalar ¢, 0—yx
9,=9,~1
Dirac DM, m, = 1 GeV

IIIIIIII

---------------
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ATLAS-CONF-2022-007

ATLAS E;™ss + ft (tW,tq)

Focus on DM with spin-0 mediator
* Important in models with Min. Flavor Violation

» Yukawa-like coupling to mediator «« my ;

Combination of O, 1, & 2 lepton searches ¢/a<x
Eur. Phys. J. C 80 (2020) 737, JHEP 04 (2020) 174, JHEP 04 (2021) 165 N
« Set limits oN G/Ciheory VS. Mgy ! !
2, T T T T T T T T T T I T T
S30F .. |
= Exclude m, up fo 370 GeV Eal T oL ATLAS Preliminary -
= SIEIS L
. . . o) )
* Interpreted as H=invisible 0 == ttaL Vs=13TeV, 139" |
= .. . -
- Z==== combination All limits at 95% CL 3
Analysis Bestfit ~ Observed  Expected af ==--- expected limits Scalar ¢, ¢—>xX ]
Bh _siny  Upper limit upper limit 3 observed limits 9,=9,~1
€L 0.48+9%7 0.95 052193 2" DM+t and DMst Dirac DM, m, =1 GeV
0.35 0.40
tt].L _0.04t029 0.74 0'80t0.26 1 :— = R iy a
0.22 0.18 -
ttH comb. | 0.08701% 0.40 0.307%13 Vo T: m RR—
107"
—1LL 1 |- ------ 1
8 910 20 30 40 50 102
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ATLAS-CONF-2022-029

ATLAS E;{mss + S(WW)

EXPERIMENT

Dark Higgs decaying to WW/(qq#V)

* Inferpreted in two-mediator model
with vector Z'=yy and scalar S=WWwW

Select events with
« E{miss > 200 GeV
* 1 high-pr lepton (e/u)
« Two categories for W—gq

» Merged: large-R jet with 2-prong substructure

+ Use “track-assisted reclustering” (TAR) e
toremove overlapping leptons T

» Resolved: two small-R jets

« CRs to constrain dominate W+jets and ff backgrounds

Also see talk by Christian Weber on searches for exotic Higgs decays.

CIPANP 2022 Joseph Haley 12
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ATLAS

EXPERIMENT

ATLAS-CONF-2022-029

E_I_miss + S(WVV)

« Reconstruct S=WW=gqg#v up to
ambiguity from missing neutrino

* Fit mgmin distribution in Merged 20

and Resolved SRs

CIPANP 2022
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ATLAS-CONF-2022-029

ATLAS E;{mss + S(WW)

EXPERIMENT

« Reconstruct S=WW=qq#v up to N M=
. . . . . < Merged SR s tt‘ =ee+ Predfit ?ackground
ambiguity from missing neutrino & a0 Postit o ordeTr zif;gigi:v‘vww’ E
: L 3 me2osey
* Fit mgmn distribution in Merged 20 NN :
and Resolved SRs 10; S A
W! ]
* No significant excess ;2\\&\ | . \ B &\ R
. . . & R \.& \
= Seft limits on mediator masses S o B R
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@ATL—PHYS—PUB—QOQQ—O%
ATLAS Summary Plot: Dark Higgs

EXPERIMENT

July 2022
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@ATL—PHYS—PUB—QOQQ—O%
ATLAS  Summary Plots: Spin-0 Mediators

EXPERIMENT

Limit on 0/Ctheory ASSUMING g, =ggq =1, m, =1 GeV

Ys=13 TeV, 139 fb July 2022 Vs=13 TeV, 139 fo'' July 2022
> ET — misls T T T T L | T o T § > ET — misls T T T T T T L. T E
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= Exclude m, < 370 GeV = Exclude m, < 376 GeV
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@ATL—PHYS—PUB—QOQQ—O%
ATLAS  Summary Plots: Spin-1 Mediators

EXPERIMENT

Leptophilic Vector mediator assuming g4=0.1, g,=0.01, g,=1

95% CL limits on m,, vs. my 90% CL limits on WIMP-nucleon cross-sction vs. m,,
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0.2 N g =01,g=0.01,g =1 ] Vector mediator, Dirac DM
C AITIimits at géfy CL * ] 107 9,=01,9,=001,g =1
= A, ey T 48 ATLAS limits at 95% CL, direct detection limits at 90% CL
0 0.5 1 1.5 2 2.5 3 3.5 4 10™ : : '
2 3
m, [TeV] 1 10 10 10
v

m, [GeV]
« Similar results for Axial-Vector
+ Also results for leptophobic couplings g4=0.25, g~=0, g,=1
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@ ATLAS-CONF-2022-012
ATLAS ETmiSS + tW

EXPERIMENT

Dominant single-top final state for 2HDM+a

Target events with 0 or 1 lepton from top
decay and hadronic W decay

> W-tagged large-R jet or two small-R jets

> Combined with previous 2 lepton analysis

£ ATLASPeImInry "UData | —Total SM 2405 [ ATLAS Preliminary '« Data | — Total SM

* Six CRs to constrain main “op gt SEER Jhe ] Swpoonet SR e
backgrounds (f, tt, W/Z+jets, tfZ)

H H

i il

0 0

250 300 350 400 450 500 550 600 FSO 250 300 350 00 50 500 550 600 650

EY [Gev] E7* [GeV]
g“’s ATLAS Preliminary ~ + Daia Total M g ATLAS Preliminary + Dala oy
2108 Vs =13TeV, 139 fo™" -t Sm_glef 210° V5=13TeV, 139 o -t ¢
w e fh . Wijets B Z+jets w CR(Wets) . Waijets -Z+|s|s
1o Ry, (1) -Db son 14 10t (W+iets) -Dbson =14
Bkg.-only Post-fit 1 Others Bkg.-only Post-fit [ Others

2
E‘os ATlAsPrelmnary « Data — Total SM ]
2 Vs =13TeV, 1390 -" Single t B= ‘31\/13“, Y
w CRiSingle = Wijets . Zijets -w;ets
10* | CR(Single f) mm Diboson 174 1
Bkg.-only Post-it = Others

10° E

102 3

1
= 2
fodf O ]
a0

250 300 350 400 450

ET* [GeV]
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@ ATLAS-CONF-2022-012
ATLAS

EXPERIMENT ETmISS + tW
b

Dominant single-top final state for 2HDM+a

Target events with 0 or 1 lepton from top
decay and hadronic W decay

» W-tagged large-R jet or two small-R jets

» Combined with previous 2 lepton analysis

» Six CRs to constrain main .
. € 10° ATLAS Preliminar e Data =~ Total SM
bOCkgrOUHdS (1-, TT, W/Z"'JGTS, TTZ) § ‘[§=13Te\/,13gfb-1y o it . Sin_glet
ot b o ol mEe
|
« Three SRs (binned in E;Miss) oo [ DHeony Postlt B Others
> tW = had had / hadlep / lep had 10°
10
]
3
g 2f
2 0F
-5_2 ..
n s 2 ZF  Is 28 g 2 z £ g .
T % % 5 % s, s, 8, 8 &8  ¢&F
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@ ATLAS-CONF-2022-012
ATLAS ETmiSS + tW
b

EXPERIMENT

Dominant single-top final state for 2HDM+a

Target events with 0 or 1 lepton from top
decay and hadronic W decay

» W-tagged large-R jet or two small-R jets

» Combined with previous 2 lepton analysis

° N ° M = T I T T T T | T T T T | T T T T | T l_
Six CRs to constrain molq g 1400 ATLAS Prefiminary
backgrounds (1, tf, W/Z+jets, ftZ) = ) . (s=13 TeV, 139 fb"

£ i T . Al limits at 95% CL

» Three SRs (binned in Eymiss) 100

- - - Expected

i1csexp
> tW=had had /hadlep /lep had 1000 — Bbeeried
Interpret in 2HDM+a model 500  __DMtSR.
.. — DMt SR,
« Seft limits on my: vs. my and tanf DMt SR,,”
600 2HDM+a, Dirac DM

ml=10GeV,gx=1,tanB=1

 Also other 2HDM+a results in o
sin=1/12, m . =my, =m,

suMmMAry NOte (ATL-PHYS-PUB-2022-036) 400 & .
100 200 300 400 500 600
m, [GeV]

III|III|III|IIII‘4IIII

— DMt SRComb :

Another recent E;miss+t analysis (ATLAS-CONF-2022-036) presented by Evan Van de Wall.
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@ ATLAS-CONF-2022-038
ATLAS Dark matter to semi-visible jets

EXPERIMENT

Sensitive to strongly coupled dark sector
» Scalar mediator (®) acts as portal
» Focus on t-channel (can probe high masses)
Signal: 2 semi-visible jets (SVJs)
> High Hr = Ljeror and high E;™ close to a jet
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@ ATLAS-CONF-2022-038
ATLAS Dark matter to semi-visible jets

EXPERIMENT

Sensitive to strongly coupled dark sector
» Scalar mediator (®) acts as portal
» Focus on t-channel (can probe high masses)
Signal: 2 semi-visible jets (SVJs)
> High Hr = Ljeror and high E;™ close to a jet

- ~
. \ A
1 A
L <
N\~
~
N ~ - v

stable dark hadrons
all stable hadrons

Ripy =
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@ ATLAS-CONF-2022-038
ATLAS Dark matter to semi-visible jets

EXPERIMENT

Sensitive to strongly coupled dark sector
» Scalar mediator (®) acts as portal
» Focus on t-channel (can probe high masses)
Signal: 2 semi-visible jets (SVJs)
> High Hr = Letor and high E{™s close o a jet

» 21 additional jet to suppress dominant multijet background
> Veto e, u, and 22 b-tags to suppress other backgrounds

* Fit 9-bin distribution of two discriminating variables

c p p - = p ; -
@, ATLAS Simulation  SignalW, [TeVL.R,, @, ATLAS Simulation  SignalW, [TeVL.R,,
> E Preliminary === 1,06 e E Preliminary === 1,06
- 1 T [ (s=13TeV,1390fb" === 1,08 € [ (s=13Tev,1390fb" === 1,08
Ze S [ by > 600 Gev, E7 > 00 Gev " 204 S [ by > 600 Gev, E7 > 00 Gev " 204
= Bin7 | Bin8 | Bin9 w [ Hr2600GeV,E™ 2600GeV , . 5 o6 5 [ Mr=600GeV,ET* >600GeV ... 5 o
c 1= e 3,02 c 1= e 3,02
0.9 2 F i 3,0.4 2 E am 3, 0.4
! § C E== Total background § C E== Total background
L L L L
Bin 4 Bi Bi
in in 5 in 6 10 - 10- -
0.6 S 7 . L B F
Bin 1 Bin 2 Bin 3 102 ;;.'\ e 102
0 c i
0 2 2.7 3.2 -
10°° 10°°

|pmax — dpyinl 0 01 02 03 04 05 06 0.7 0.8 09

bal _ |pr(1)+pT(j2)] _ )
Pt = T5rGn I+1pr o) [Pmax — épin|
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@ ATLAS-CONF-2022-038
ATLAS Dark matter to semi-visible jets

EXPERIMENT

Sensitive to strongly coupled dark sector
» Scalar mediator (®) acts as portal

» Focus on t-channel (can probe high masses)

Signal: 2 semi-visible jets (SVJs)

> High Hr = Lepr and high EfM close to a jet =
» 21 additional jet to suppress dominant multijet background
> Veto e, u, and 22 b-tags to suppress other backgrounds |
* Fit 9-bin distribution of two discriminating variables
4 N\
SR
— 1 "g ATLAS Preliminary e Data Signal M, [TeV], R
By Q 10" fs=13Tev, 139" =W Lo o8
= Bin 7 Bin 8 Bin 9 w F s - — 308
10 H 2600 GeV, ET"™ 2600 GeV g Single top 3,0.2
Post-Fit [ Diboson 3,04
09 10° e
Bin 4 10* M LU Ll PP ‘-"‘hh:.-.:.:.-.;"--“-h..ﬁ.
10°
0.6
102
Bin 1 106 ... _"-'“"'.'I":rm“‘s' """" .?._.,m-_-,-_pﬂl““mi ,,,,,,,,, P
: | g s
0 2 . 2.7 ) ﬁ.z 2 1W/////}%//7’////%/W/%///;V////‘//(////M/%W/%
max — i © 0‘9:_ | | | | | | | | 1 =
i 8 Bin1 Bin2 Bin3 Bin4 Bin5 Bin6 Bin7 Bin8 Bin
\. J g
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@ ATLAS-CONF-2022-038
ATLAS Dark matter to semi-visible jets

EXPERIMENT

Set limits on cross-section and coupling vs. Mg and Ry,

3‘ EI T I L l'l I' T I T 1T T l L I T 1T | T l?
o [ATLAS Preliminary — Observed 95% CL ]
10°Vs =13 TeV, 139 fb ---- Expected 95% CL o
E - [ Expected + 1o 3
104% Rinv_ 0.2 Expected + 26 E_
§ -------- Theory (LO, A=1) 3
10°
10%E E -
E ] 95% CL upper limits on A
10 L .'/:'/-';4-./,,/,"4"/’“/' — Siheory (fb) for A=1:
3 R 3 325 137 7.03 3.95 2.45 1.62
C ”ﬁn/y%lyﬂ o M, . ] 4
N RPN IR PPN B IR PR B p ATLAS Prelimina <
‘IbOO 1500 2000 2500 3000 3500 4000 4500 5000 =
. x 08 Vs=13TeV, 1391 3 O)
E‘10?IIIIIIIIl.ll.ll[l[TT]TIIIIIII[I[TT[]II14? . . X :
b EATLAS Prel|m|nar_)1/ — Observed 95% CL - Semi-visible jet t-c -‘_—l
105 Vs = 13 TeV, 139 fb ---- Expected 95% CL 3 o
g - I Expected + 16 3 06k o
104; Rinv- 0.8 Expected * 26 _; (@)
2 Theory (LO, A=1) 2
10°E !
E 0.4
102
' 1.5
0 R ool
e e i L L LT 0
1b00 1500 2000 2500 3000 3500 4000 4500 5000 e 3 35 . e 5
Mo [GeV] Mg [TeV]
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£

L Conclusion

EXPERIMENT

Many recent DM results from ATLAS
« Complementary to direct and indirect detection experiments

- Probing a wide range of final states and models

» Complete list of ATLAS dark matter results (many more not shown today):
hitps://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

> Also see related talks by Will Fawcett, Christian Weber, and Evan Van de Wall

« Significant gains from previous results

» Larger data set + improved analysis
tools + re-optimized selections +
improved background modeling

Unfortunately, still no signs of
dark matter at the LHC

... BUt much more data coming in Run 3!!!
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Thank you!

And special thanks to:

DOE for supporting this research

The ATLAS Collaboration

+ Complete list of ATLAS exotic results:
twiki.cern.ch/twiki/bin/view/AtlasPublic
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Bonus Material



@ JHEP 02 (2021) 226

ATLAS

EXPERIMENT

Select events with

» Isolated photon,
pr > 150 GeV

> E;miss > 200 GeV,
E;miss signif. > 8.5

> No leptons

» Up to one jet

Fit SR and 4 CRs
in bins of E;miss

« Normalization of
main backgrounds
from fit to data

CIPANP 2022
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ATLAS y + E;miss

EXPERIMENT

< 900f ‘ < 900f € ATLAS
8 - ATLAS - - - Expected Limit (+10) 8 - ATLAS -~ - Expected Limit (=10) % L =139 b, f5= 13 TeV
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ATLAS top-tagging

ldentify high-pr top quarks (“boosted-tops’”)

« Large-radius jet with highly collimated
sub-jets, including one b-jet

= Deep Neural Network top-tagger

[ ] Uses kinemGTiCS (jeT mOSS, pT' eTC.) ’-\u, 2Ool_l T T I T 17T | T 17T | T T | T 17T | L 1T I_
. . ] . wﬁ L ATLAS Simulation Preliminary ~ Top tagger: i
and dispersion of jet constfituents = =7 s=13Tev — Contained, &, = 50% -
c B Trimmed anti-k, R = 1.0 jets — Contained, 5, = 80% |
(N-subjettiness, splitting scales, and % 150 Py >350 GeV. Inl <20 " inoaive, -0
energy correlation functions) £ ATL-PHYS-PUB-2020-017 -
S 100+ -
e - _
o e ~ 2 L 1
’ . \ 8 i i
{ Inclusive top-tagger ! © 59 _
: allows some of decay : C g
I productions fo fal : "
1 - 1 I 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

i outside large-R jet | 0500 1000 1500 2000 2500 3000 3500 4000

: : Jet P, [GeV]
\\~ ________________________________ ’ll

(Some analyses define their own custom taggers, but idea is the same)
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ATLAS Interpreting DM Production

Effective field Theory (EFT) Name Operator Type of interaction
D1 ;n—l% XXqq Scalar, WIMP-quark
D5 # XY XqVua Vector
DS ﬁ XYY’ XaV.7°q Axial-vector
D9 # XM XG0 g Tensor
D11 (4—1‘\";*)—3 XXGuw Gy | Scalar, WIMP-gluon
C1 Ex'xag Scalar, WIMP-quark
C5 0o ve. wGu | Scalar, WIMP-gluon

> Only two parameters: DM mass (m,) & inferaction scale (M« or A)
» Good approximation if momentum transfer is less than mediator
mass (my)

q

Simplified models
» Valid for higher momentum fransfer
> But more parameters: m,, my, gq. 9,, I’
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