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[5] Dark Matter Searches
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e Dark matter (DM) has been extensively searched by direct, indirect detection
and previous collider experiments (e.g. PICO-60 CsFs, LUX, PandaX-Il, Xenon-100, Tevatron).

e | HC offers complementary sensitivities to some specific scenarios (e.g. axial-
vector DM mediator, Higgs-portal).
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Mono-X Searches

DM Simplified Model Exclusions
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e Among the mono-X searches, the monojet channel is generally the most sensitive channels,
followed by the monophoton
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e Nevertheless, mono-W/Z and mono-H channels are important when the DM or mediator only
Interacts with the vector bosons or Higgs boson.

o In these searches, identification/reconstruction of the bosons & missing transverse
momentum (E1™iss): indirect measurement of pr(xx) are the key.
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A@ Missing Transverse Momentum

EXPERIMENT

e Missing transverse momentum (EtMiss) is the pr
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Mono-H Searches

ATLAS

EXPERIMENT

e Higgs-strahlung from initial-state partons is suppressed by the Yukawa coupling.

e Mono-H searches are direct probes for the DM interactions.

o Effective Field Theory (Run-1) & various simplified models (Run-2) have been
considered in ATLAS.

Y h
/
/
/
o @ oy
H .
g X
Vector Mediator Model Z'-2HDM Model Heavy Scalar Model
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e The same approach for the other 4 categories as well.

e (Consistent with the SM prediction.
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e \eto on t-leptons & additional b-jets. Some angular cuts for the resolved (using small-R
jets) categories & some Hr requirements to reduce BGs.

e Main BGs are Z+jets, W+jets, Top, diboson & Z(vv)H(bb).

e Normalization of Z+jets taken from 2-lepton CR, whereas 1-lepton CR is used for W+jets
& Top.
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Mono-H(bb) "

;1000_| [ T T T T | | T T T T T T T [ T T T T [ T T ] ,;. | T T T T T T T T T T T T L
o - ATLAS Prellmlr}1elry — Observed limit ] o) - ATLAS —— Observed 95% CL Limits _
% 900:_5= 1?1(IJE\)/’A3|€|3i'1 f't: t 95 % CL - I\/E’XpeCted it o 1 - % 10% & Vs=13TeV,3.2fp" - === Expected 95% CL Limits —
- Mono- , Alllimits at 95 % CL = 1a1a =13 TeV,3.21b" - = Vector Mediat N 3
= - Z'-2HDM simplified model —— \E_ 8 Te(\-:'/ 203" - = N ge=c1org =?/:I3a > B Expected +To -
800 tanp=1,g.=0.8, m =100 GeV - e — IR [ ] Expected =20 -
- z x . 103 B sin(0)=0.3, g,=Mz |
700:_ _: E K - E
C 7] _ \QO:A\ ’,‘ \‘ i
- ] 2L AOY L& g ' _
600F : 10°E e o :
500:_ _: B "'¢ |l _
- . 10 p E
400 - z ' .
B e ., N B - 7
300|_ 1 e 4 | |\| R R R R 7’5,| L s, L] 1 l I — IIII|2 I — Iljs 4
500 1000 1500 2000 2500 10 10 10 10
m,. [GeV]
m,. [GeV]

e Mono-H(bb) has the best sensitivity among the Mono-H channels.

e For Z'-2HDM, the exclusion curves are shown with the ATLAS/CMS benchmark
parameters of tan f=1, gz=0.8, m,=100 GeV.

e For vector mediator models, mz: < ~700 GeV is excluded for g,=1, gq=1/3, sin6=0.3,
Jz'=mz..
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Summary

e Presented the latest results of mono-W/Z and mono-H searches at the
ATLAS experiment.

e These searches are direct probes of BSM interactions with the vector
bosons/Higgs boson and the dark matter.

e No deviation from the Standard Model predictions at the moment.

e New models (e.g. an extra scalar with H mixing, etc.) are proposed by
the LHC DM WG, and are being considered for the near future.

e More results using the full 2015+2016 dataset will follow.
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ATLAS

EXPERIMENT

Boosted-Boson Tagging
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Mono-Z(28) -

—
Event Selection

Exactly one ee ol yu pair
pr(e/p) > 30(20) GeV for leadihg (sub-leading) lepton

Selection High Mags Low Mass
|m11 - mz| < 15 GeV
ET' > 120 Gey > 90 GeV
AR({ <1.8
| AP, EmiSS) | > 2.7
pgnssyst T€|/P—{}€ <02
o > 0.4 > 0.7
[ AGET 1) [ ) ety > 100{GeV  priet) > 25 Gev
pf}f/mT < 0.7 <0.9
Number of b-jets =0 J
Low Mass Signal Region ee MU
Data 220 236
Signals
ZH (my = 125 GeV) with BF(H — invisible)=100% 405+ 12 + 4.1 417 =+ 1.2 = 44
Mono-Z (m, = 1 GeV, mpeq = 10 GeV) 175 =+ 24 + 14 169 + 21 =+ 22
Mono-Z (m, = 50 GeV, myeq = 300 GeV) 437+ 23 + 2.8 49.1 + 2.6 = 42
Backgrounds
qqZZ (MC-based) 950+ 15 =+ 5.8 102.1+ 1.6 = 8.0
g8Z7 (MC-based) 56 + 0.1 = 33 57 + 0.1 = 34
WZ (Data-driven) 440+ 1.1 + 33 505 £ 1.2 + 33
Z(— ee, uu)+jets (Data-driven) 23 £ 5 =+ 11 169 £+ 52 + 6.7
non-resonant-££ (Data-driven) 169+ 28 + 1.0 207 =+ 34 + 1.2
fake-lepton (Data-driven) 0.18+ 0.04 + 0.03 036 + 046 + 0.08
1tV/VVV (MC-based) 044+ 002+ 006 043 + 0.02+ 0.06
Total background 1885 + 6 + 13 19 = 7 =+ 12
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Mono-H(yy)

Hideki Okawa

—_ —_ — —_ .
w w w w cl;o
© ~ ol w =

107+
107"

DM-nucleon cross section [cm®

P =hlyy)+x x, Zg Dirac DM A1y AS Preliminary

sine=0.3,g =1/3,g =1
q X 1
RN \s=13TeV, 36.1fb
AN
SN
~.0 ‘
TN
ssss\\s\i\\ss\\\\\\\\\\\\\\\\\\\\\\\\\\ ARRRNRNRN
hES ‘_ S N e i me= ~
e ~.._.CRESST-Il 2016
\ superCDMS
X A
ndaX 6
\\Y Pé _\—\:)X—Z/OL
S in-ind d \\-\ ........... _—__;__;——/_//
plln-IrI] IeFI)eIrIl Ile|nt | I A I I| | QIOIOI/(I)| CL
2 3
10 10 0)

ALPS2017, April 20, 2017

1
DM mass m, [GeV]

22



Mono-H(yy)
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Mono-H(bb)

Table 3: A summary of the main analysis selection criteria. The notation pt(A, B) used here is defined as the vector
sum of the pr for the objects A and B. For detailed descriptions of the selection criteria, please refer to the text

body.
Region SR 1u-CR 2¢-CR
Trigger EXss Emss Single lepton
Exactly two e or u
Leptons No e or u Exactly one u 83 GeV < m,, <99 GeV

71 GeV < My, < 106 GeV
pr(u, EB%) € [150, 500] GeV pr(C,0) € [150, 500] GeV
pru, i) > 30 GeV -
min [Ag (Ems, 57| > /9 -
A¢ (E%niss’ﬁ%niss) < 71./2 —

E?iss X (Zjets,leptons pT)_l/2 <3.5GeV!?
Number of central small-R jets > 2
Resolved Leading Higgs candidate small-R jet pr > 45 GeV
H7siers > 120 GeV for 2 jets, Hrzjeis > 150 GeV for > 2 jets
Ag (B, fry) > 21/3
Veto on 7-leptons
AR (P, pi?) < 1.8
Veto on events with > 2 b-tags
Sum of pr of two Higgs candidate jets and leading extra jet > 0.63 X Hr jijets
b-tagging : one or two small-R calorimeter jets
Final discriminant = Dijet mass

ET € [150, 500] GeV
PS> 30 (iey (1 b-tag only)
min [A¢ (B, 57| > /9
A(b (E_"?iss,ﬁr}niss) < 7.[./2

Hideki Okawa

Merged

E™S 57500 GeV
P > 30 GeV

min [A¢ (B, 57| > /9

A¢ (E’?iss’ﬁr;niss) < 7.[/2

pr(u, EFS) > 500 GeV

pru, p?i“) > 30 GeV
min [Ag (B>, 57| > /9

A¢ (E—)%liss,p_)%liss> < 7T/2

pr(C,€) > 500 GeV

Number of large-R jets > 1

Veto on 7-lepton not associated to large-R jet
Veto on b-jets not associated to large-R jet

Hy-ratio selection (<0.57)

b-tagging : one or two ID track jets matched to large-R jet
Final discriminant = Large-R jet mass

ALPS2017, April 20, 201
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Mono-H(bb)

m = 1400 GeV, m = 600 GeV
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Mono-H(bb)

Table 2: Upper limits at 95% confidence level on the visible cross-section o i s+pm Of #+DM events. The observed
within uncertainties. Also shown are the A X € values to

exp

obs . : 1 I
o is consistent with the expectation T s heDM

vis,h+DM

reconstruct and select an event in the same E7™ bin as generated.

Rangein oW, .py Oyopom  AXE
EXS/GeV  [fb] [fb] %
[150,200)  19.1 18372 15
(200, 350) 13.1 10.575 35
[350, 500) 2.4 1745040
[500, c0) 1.7 1.8751 55
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Mono-H(42) -:-

ATLAS Preliminary
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e Mono-H search using the 4¢ decay. Limited by statistics, but offers a clean
signature.
* No deviation from the SM prediction.
e Results are interpreted in terms of scalar/vector DM.
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