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Introduction -

Standard particles

With the discovery of Higgs boson in 2012,
the Standard Model has been completed

However there are some short comings in the SM d s
® hierarchy problem (Higgs mass divergence)
®* matter vs. anti-matter asymmetry
® unification of the force
® etc.

Among all, the origin of the Dark Matter (DM) is one of the biggest mysteries

Ugd C t

Higgs

Quarks O Leptons ’ Force particles

In collider experiment, searches for weakly interacting particles (WIMP DM)
use large imbalance of p; (or E;), assuming they escape detection

Hence Missing energy measurement is the key

N.B. there are other DM models which predict exotic signatures (e.g. displaced vertices)

Y,Z,W,h...
q X
missing

initial state > final state
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Detectors: ATLAS and CMS LHC/ATLAS/CMS

The dashed tracks
are invisible to
the detector

i | BN SJATLAS
ﬁ. EXPERIMENT
ATLAS (A Toroidal LHC ApparatuS) CMS (Compact Muon Solenoid)

ATLAS and CMS are general-purpose detectors with
- excellent tracking in the central region
- good calorimeter granularity with large coverage (|In|=5.0 ~0.8°)

make them good for missing transverse momentum measurements



LHC Run-1 :

LHC/ATLAS/CMS

Successful operations in both LHC and Experiments

® LHC was in good condition during Run-1
(2010-2012)

®* ATLAS and CMS collected good fraction of data
(>95%) throughout Run-1

®* 8 (7) TeV proton-proton collisions
~20 (5) fb~1 good data for physics
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General strategy for the new physics HCJATLAS M

®* Define the event selection based on signal and bkg characteristics
(e.g. kinematics)

® Compare the data to bkg (MC or by data driven)

®* new physics would produce deviation from bkg prediction

® If consistent = set the limits, typically on the cross-section x BR
® Then comparisons made for specific models

PART 1 :
DM search approaCh with collider exp. Complete models (as targeted
- N / by SUSY searches)
Specific models (e.g. SUSY)

> L ) \
© ) -
o Simplified Models € ' PART 2 :
% § J Run-1 based more

r N\ > often on EFT, sliding to

Effective Field Theory SM T Simplified Models
v L J\ toward Run-2
SM ~ EFT operators % j




PART 1
Complete SUSY models



SUSY overview for RUN1

1

LHC/ATLAS/CMS

® Searches based on R-parity conservation +
neutral lightest SUSY particle
- look for large Missing E; final state

Productions
® Gluinos/Squarks strong productions 10
® Stop/sbottom productions
® Direct electro-weak productions
(searches for R-parity violating and long lived

signatures are not covered in this talk. But | will
briefly show the “disappearing track in the detector

T
::'.\ c,,[pbl: pp — SUSY
VS =8 TeV
. \ Strong gluino/squak
NN

314 Gen squarks

Electroweak

1 N
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volume” search which is relevant for the pMSSM interpretation later on)

® Searches optimized and interpreted with simplified SUSY models

(single production & decay mode)
® Results are also interpreted with more

sophisticated models (MSUGRA, NUHM, GGM, ...)

In this talk > pMSSM (19 parameters)

consideration with DM relic density
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Strong production (0/1/2 leptons + multi jets + E;Miss) LHC/ATLAS/CMS

® Dominant process at LHC, if squarks/gluinos are not too heavy
® typical signature : high-pT multi-(b) jets, 0-1-2 leptons, EtMiss from LSP

squark/gluino production with neutralino LSP

ATLAS searches

O-leptons + 2-6 jets + EtMiss
O-leptons + 7-10 jets + EtMiss
1-leptons + jets + EtMiss
2-leptons + 2-6 jets + EtMiss
2-leptons SS/3L+jets+EtMiss
1-2 taus + jets + EtMiss
photons + jets + EtMiss
Summary paper

JHEP 09 (2014), 176
JHEP 10 (2013), 130
JHEP 04 (2015), 116
EPJC 75 (2015), 318
JHEP 06 (2014), 035
JHEP 09 (2014),103

PRD 92 (2015) 072001

arXiv: 1507.05525

squark/gluino production with gravitino LSP

CMS searches

3-5,6-7,>=8 jets + EtMiss = JHEP 06 (2014) 055
multi-jets+b-jets+ EtMiss PLB 725 (2013) 243
1-leptons+jets+bjets+EtMiss PLB 733 (2014) 328
2-leptos SS+bjets+EtMiss JHEP 01 (2014),163

multi-jets with MT2 variable JHEP 05 (2015), 078

ATLAS

EXPERIMENT

numerous analyses for
different phase spaces




Events / 100 GeV

Data/ MC
Events / 100 GeV/

Data/MC
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ATLAS  LHC/ATLAS/CMS

EXPERIMENT

[arX|v 1405 7875] JHEP09(2014

Strong production (0 leptons + =2-6jets + E;miss)
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2 10° T T
[
. . . . > a4 e Data 2012
(each with 4 x Control Regions (CR: Bkg dominant)) ¢ £ _  amss jm:zm S A 7% oot
: . : g " o
» determine bkg expectations from fit
10°
T T T1T T T | LI I T T 1T TTTT | L | T T T T T T_] 5
10
10° ATLA$ Ldt=2031" =
E SR -2 ® Data2012 (is=8 TeV) 3
r —— SM Total 1 10
10* - - - §3 m(@)=475.m((’)=425 =
E —r= QO M(Q)= 1000m( °)=100 3
- Multi-jets . 1
10° = [ ] \fv+je1s - E%‘ 12 3
E 1t(+X) & single top 3 3 1.4E \
E j 3 12 =
B Hl Z+jets _ 3 FISSRNNN \\\T&Q&V\\\ NN &\\\\\\\\
SRR NWRNTER
102 Il Diboson - (8)?6: \\\\\\ \\\\\\\ X
g E g .
o B 2jt ZJW 3 4 4j  4jm 4]1 4W 5 6l 6m 6t 6jt+
105— 3 5 FTTTTT Ty Signal Region
g 3 O TR o
~ — Ay F —SM Total
e = i interpret with simplified model
E ok f(+X) & singletop ]
o 5E 10°F E! Squark-gluino-neutralino model
VE - = o %‘2800:||||||| |||||||||||||||||||\_
1. el E B H t 92600 - = m(i) =0 GeV Exp. limit (£16,,) —
05E = 3 ] ___ 17 @ - _— m(;z )=0 GeV Obs. limit (+1 030> 1]
E UE 2 2F ] s - 2 G 7
L n g E — x) 395 GeV Exp. limit —]
% 500 1000 1500 2000 2500 3000 3500 4000 219 eseaconias rosrititt ++++H £ 2400 | - 4
i S = e == (=395 GeV Obs. it .
meff(InCI') [GeV] mu|t| Jet CNncl)[GeV] g 2200 = -— m(ig )=695 GeV Exp. limit —
- jo : — .
e (/)2000 - m(f()GBSGeVObs limit 3
T T arias T 2 f ATLAS . 2 Tatias - V (4.7fb™") m (x) 0 GeV Obs. ]
1ok Y - 21 ILdl:ZOSKh - g CRT-2jlmt Jlﬁl:EDBQb S R 2 1m Il“‘ o' 5 — .
PSR et 2012 15 -8 Tovi 8 | 4 o Daa 2012 (15 - 8701 g8 o Dan 012 0TV 1800 —
P ’f:‘gs‘“a' ] P '0? F —swmma\ 3wl J —SM Total ] - .
Wolijts § I its 5 "F i Wi C ]
100 BWijets .| i 10tk ti(+X) & singletop | o £ viu‘x) &single top 1 600 — =3
1(+X) & singl top. E Wzijets P Bziess 4 -
i Bown ; Boun ; Boswn 1400
E #, 3 1o E ATLAS 3
, + ; 1 1200 3
N-L‘ 3 E - ILdt 203fb \s=8TeVv ~~ __-- .
| J. 1o L EVAVAVERLE | 1000 & -
“F g 1 ¢4 C 0-lepton, 2-Bjets 3
odr st 3 oy B ottt 31, 1 B o 800 v v v L v v b b ey A
500 1000 1500 2000 2500 aoo:; (Iars‘zin)[éo;\n/] 500 1000 1500 2000 2500 300;0,,(?3?)[(;0:\3] 5607000 75002000 2500 Gm,‘;n"(iaszi)[éfs] 800 1000 1200 1400 1600 1800 2000 2200 2400

gamma'Jet CR ttbar CR W CR Gluino mass [GeV]



Hint for the Run2 ? (30 excess) .

LHC/ATLAS/CMS

® ATLAS search for the jets + E{™'ss + Z signature
® At least 2 jets (Pr>35GeV)
* H:> 600 GeV (high jet activity) H, =Y p,(jets) + p,(leptons)
® Emiss >225 GeV then select SFOS lepton pair (ee, pp) .
* M(ll) = Mz£10 GeV

®* Main Bkg: ‘flavour symmetric’, estimated from ep data)

ee channel 3.0 o MU channel 1.7 o
%14_|||||‘|l|‘|||||||||\|||\|||||||||||||‘|_ % :I|III|III|III|III|III|IJI|III|II\|III|I:
B —e— Data 0) L —o— Data il
O [ATLAS 42 Standard Model o 12-ATLAS 4% Stancard Model ATL AS
o 121 's=8TeV, 203" [ Flavour Symmetric | L 's=8TeV,203fb" (] Flavour Symmetric |
>~ [ OtherBackgrounds 1 & 1AL cR. [ Other Backgrounds | EXPERIMENT
2 10‘_SR'Z e m@u-(00200Gev| B O SREML m(g)u=(700,200)GeV
O T e m(@u=(900,6000Gev 1 L T e (@) 1=(900,600)GeV ,
& ] o og 4 arXiv:1503.03290
£ T ] o -
82 84 86 88 90 92 94 96 98 100 82 84 86 88 90 92 94 96 98 100
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N.B. CMS (JHEP 04(2015),124) observes no such excess
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3rd gen. squark production I

® Searches for gluino mediated or direct stop/sbottom productions
® Natural (non-fine tuning) SUSY requires light stop/sbottom

b/t

p .
:: b/t 9

~

700IIII|IIII|IIII|IIII|IIII|IIII|IIIII

E CMS —— Observed

600-\Vs =8 TeV __ - Expected

e SUS-13-023 0-lep (2 body decays) 18.9 fb™
s SUS-14-001 0-lep (2 body decays) 19.4 fb™
SUS-13-011 1-lep (2 and 3 body decays) 19.5 fb™
m— SUS-14-015 1,2-lep (2 and 3 body decays) 19.5 Ib"
m— SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.5 fb” H H
s SUS-14-011 0,1,2-lep (Razor) 19.3 b IymmOSIty
SUS-14-001 Monojet (t ¢ %) 19.7 b limited area
— SUS-14-021 1-lep (4 body decays) 19.7 fb™
— SUS-14-021 2-lep (4 body decays) 19.7 fb™

numerous channels covering different
decay chains, mass splitting

Mstop < 700 (750) GeV excluded
for ATLAS (CMS)

LSP mass [GeV]
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Summary Paper :
JHEP 06 (2015), 116
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arXiv:1506.08616 (accepted by EPJC)J
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kinematic challenging area



Electro-weak production
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LHC/ATLAS/CMS

® If squarks/gluinos are all heavy, EW SUSY productions dominate
® Multi-lepton signatures with low hadronic activity

¢ 2-leptons + EtMiss, 3-leptons + EtMiss, = 4-leptons + EtMiss,
= 2-taus + EtMiss, 1-lepton+2 b-jets+EtMiss, etc

LSP mass [GeV]

(<]
o
o

@
o
o

~
o
o

600

500

400

300

200

100

?00 200 300 400 500 600 700 800

2n

Zgif production

_IllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

- CMS Preliminary " BT, M)W 7

|

- \s=8TeV %% > @ L)W 1)
- ICHEP 2014 — hk (W)
n %% (e BF(H=1)

— 0% (1,8F1)=05)

|
AR AR SN

— —— SUS-13-006 19.5 fb

-------- sUS14002 1951b" 0l B

lllllllllllllllllllll

1111\

'JII.IIIIIIIIIIIIIIlIIIIlIII

—"!'1
"'ll“’
pil oo Iy b b b by L

o

neutralino, or chargino mass [GeV]

2
S
=

K
[}

(2}
c
S
=

=

g
a

§

decay via W/Z
PRD 90, 092007 (2014)

if decay via Higgs
is allowed
PRD 90, 092007 (2014)

with intermediate

slepton decays
EPJC 74 (2014) 3036

ATLAS

EXPERIMENT

ATLAS EW summary
arXiv:1509.07152 (submitted to PRD)
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Long-lived X, search LHC/ATLAS/CMS

) %1~ decaying into X"+

Long lived chargino = n + neutralino s

combination of space-points
P

High-p, charged hadron
interacting with ID material

® Backgrounds

® hadrons interacting
with material inID 7
q -t

* Leptons fails id criteria e -
® pr mis—-measured track
® ATLAS/CMS

® Similar approach with different
inner detector configuration

Lepton failing to satisty

identification criteria due to
\ large bremsstrahlung or scattering
reconstructed track
true particle track )

tanf=5,u>0
TITTTTTT] -
v Observed 95% CL limit (+10, )
.......... Expected 95% CL limit (+1a,)
v ATLAS (15= 7 TeV, 4.7 ', EW prod )
ALEPH (Phys. Lett. B533 223 (2002))
Theory (Phys. Lett. B721 252 (2013))
7777~ ‘Stable’ J

ATLAS

210 &
200

190 _
\s-BTeVIldt-QObe

ATLAS

EXPERIMENT —

180

ATLAS: Phys. Rev. D 88, 112006 (2013)
Charginos mass <270 GeV is excluded (95% CL)
CMS: (JHEPO01 (2015) 096))

has excluded up to 260GeV (95% CL)

170
160 B

150

Am (chargino - neutralino) (mev;

140

100 150 200 250 300 350 400 450 500 550 600

constraints on chargino lifetime vs. mass is also obtained m (chargino) *"




PMSSM interpretation (ATLAS)

ATLAS arXiv:1508.06608 (accepted by JHEP)
® Evaluate the general pMSSM (19 parameters)
limit from 22 Runl searches
® R-parity conserving
® neutralino LSP

®* Random sampling of the parameters
500 million model points (up to 4 TeV)

® Apply constraints from
®* Precision EW and flavor
®* DM abundance
® LEP, Tevatron
® Higgs mass

9310,327 models (Before Run-1)

® Generate/reconstructed 44,559 models
600 million simulated signal events

® Use 22 search results (200 signal regions),
present in 2D the fraction of models excluded

Similar extensive analyses by CMS (SUS15010)

ATLAS

EXPERIMENT

3rd Gen Inclusive

EW

O-lepton + 2-6 jets + ElTni\'.\
I-lepton + jets + E;n.s,
(/) +j€[5 + E‘III.H.\S
SS/3-leptons + jets + h-nlp ‘
Oll-leplon + 3[7.]'915 + E.';“”
Monojet

1ss

O-lepton stop
|-lepton stop
2-leptons stop
Monojet stop
Stop with Z boson
2b-jets + I:'.’l?‘i‘*

1b+EX™, stop

th

2-leptons

2-1

3-leptons

4-leptons
Disappearing Track

Long-lived particles
HIA — 47

14

LHC/ATLAS/CMS



PMSSM interpretation (ATLAS)

®* The plot shows the fraction of

ATLAS pMSSM: azf LSP
the models excluded by Run-1 = S UL PR B
o - 1s=8 TeV, 20.3 fb~
® Black : 100% excluded O, N o
: . s~ 1000 —— § — qqy. [1405.7875]
®* White : no model points zg 1
excluded at pre-selection - gluino case
® White line : 95% CL limit
from a simplified model 500

for comparison (not much

different!) /

® Compressed gluino-neutralino
models are excluded up to
600GeV by mono-jet search

® Sensitivity for wino-like LSP
model from disappearing track
search (X, =2 X, +7)

arXiv:1508.06608

1000 1500

2000

m(g) [GeV]

ATLAS

EXPERIMENT

o
[o"

Fraction of Models Excluded

15

LHC/ATLAS/CMS

—

O
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o
~

O
(V)

0

Other scenarios are in the back up slides



Impact of ATLAS Runl searches on SUSY DM

ATLAS

Before ATLAS Run 1

10°
LSP mass

® Bino LSP models:

® 2/3 are excluded, sensitivity up to m(y,)~800GeV

® Wino LSP models:

Bino
Higgsino

B Wino

10°
m(x,) [GeV]

Bino
_ATLAS Higgsing
After ATLAS Run 1 B Wino

10° 10°
LSP mass  m@) [GeV]

arXiv:1508.06608
ATLAS

EXPERIMENT

10

® Sensitivity up to 800GeV, especially below 200GeV (80% excluded)
® Constraints from disappearing track analysis

® Higgsino LSP models:
® Charged higgsino lifetime too short, not much constrained




PART 2
Effective Field Theories and Simplified Models
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MOI’]O—X SearChES LHC/ATLAS/CMS

® Effective Field Theory (EFT) approach

Name| Operator |Coefficient

Y.Z,W,h... D1 YXdq mg /M3
q X Cross section depends on: D2 | X°x@g | img/M;
M.= mv/\/gfgX Suppression mass | D3 Xqy’q | img/M;
m,: mediator mass D4 | ¥°xgvq | mg/M3
g:g, : coupling strength D5 | $v"xgvea | 1/M2

D6 | Xv*Y°xqwg | 1/M?
G X D7 | ¥v*x@v’a | 1/M?
D8 X" xqv | 1/M?
D9 X" xqo .49 1/M?

® Search for particle X (=, jet, Z/W, etc) D10 |0 P x@oase| /M2

recoiling against DM (=Missing E) I
D12 | Y7°XGuwG* | iag/AM?
® Result interpretation: DI3 | TGl | ian/adsd

D14 | {1°xGuwCG*™ | a/aM?

Phys.Rev.D82:116010,2010

® Cross section
® Effective operators
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Mono-photon search LHC/ATLAS S

E;miss > 140 GeV

pr > 145 GeV (central) accept up to 1jet
Bkg estimation with simulation
corrected for data/MC differences
Similar analysis from ATLAS (Phys. Rev. D 91, 012008 (2015))

i
S
=

2
S

@
=
S
S
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55
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630 events for 614 = 63 expected CMS, arXiv:1410.8812
. | 196 o' (8 TeV) 19.6 fb™' (8 TeV)
S O veiet W)y, 2007 0o ! ! | | |
) [ Beam halo — CMS
=10 O3 jet— y MisID E <C 10F -
o [ electron— y MisID 3 % - ]
L E Wy— vy . o - 7

,,,,,,,,,,,,, B Zy- vvy . I i
1 —— Data E i - ]

Bkg. rtaint .

T SMAADD(M 2 TeV,n-3) 1
107 i E b3 E
102) . PP, -

S o [ —— 95% CL Observed limits
ook m 107 - 95% CL Expected limits E
- 25— - i Exp. Limit + 95% CL ]
2 L EE 5 [ I Exp. Limit + 68% CL ]
I R S B 102 l | | | |
500 300 400 500 600 700 800 900 7000 145 160 190 250 400 700

By [GeV] E. Threshold [GeV]



Mono-Jet search

* pet>125 GeV (central)

° p_l_jet/ETmiss>O. 5

® at least ljet, lepton and isolated track vetoes
®* Bkg estimation in CRs, Cross check in VRs

® E/miss: SR1 (>150GeV)- SR9 (>700GeV)
® Similar analysis from CMS (Eur. Phys. J. C75 (2015) 235)

> T e S B S s ey
<D 4 ATLAS —e— Data 2012
S 10 ; SM uncertainty
E Vs=8 TeV, 20.3 fb —J 6\}—> vr://)ﬂ:e:s
S 10° EM**5150 GeV B Dooaoniets
> Falgy
w F B e I tt + single top
5 ] Multijet
10 0 Z(— )+jets
D5 M=100GeV, M«=670GeV
10 CUEEE ADD n=2, M =3TeV
''''''' L __ ==~ G+a/g Myz=1TeV, M=10"eV
1
10"
10
> 2 r
@ 15F
& 1F
g osf Z
1200

7000 .
ETs [GeV]

Suppression Scale M, [GeV]
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LHC/ATLAS/CMS

ATLAS

EXPERIMENT

ATLAS: Eur. Phys. J. C75 (2015) 299

~ATLAS

~ D9:%¢"'xd0,,9
ET**>700GeV

IIIII

[ {s=8TeV, 20.3fb™

|II|I||

EMiss >700GeV -

T T T T LI | 1
E== Axpected limit (£10t20)
observed limit

Thermal relic
— - truncated, coupling=1
- - - truncated, max coupling

102

10°
WIMP mass m, [GeV]
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Comparison plots HE/ATLAS S

®* Comparison with other experiments

®* Complementary with direct searches, esp. LHC has sensitivities for low DM mass

® LHC mono-X searches also have similar sensitivity for spin-dependent
operators, where direct searches are weaker (backup slide)

mono-photon mono-jet
CMS, arXiv:1410.8812

0% e+ e ey 20 _ATLAS, Eur. Phys. J. C 75 (2015) 235
= C\'I_I I T IIIIII| T T IIIIII| T T IIIIII|
£ 10 CMS £ ATLAS 90% CL mm DAMA/LIBRA, 36
- 10 4 4 D1: xx3a » Y [ CoGeNT, 99% CL
o 10_37 CMS (Monoleotoni_: +1) T 5 - D5: xy"xay q * C1:x™dq . E 88%% ;c;
- * o’ =10 D11:7xG, G C5: %G, G ’
O : CMS Monophoton, 7 TeV. 5.1 ' _e” A 9 10 ¢ XX > XX CDMS, low mass
o 10738 e emmemmmemaca@ens ---" - 8 s truncated coupling = 1 — LUX 2013 90% CL
) 10-39 i ‘I\‘ —*CMS Monophoton, 8 TeV, 19.6jb™ 192] 1 0 =<2 ~truncated max coupling — )C(vé)?'l%?/gg? <
A \\ K~ CMS (Monoje) < JRREE CMS 8TeV D11
o 107 EANONS s G 10 )
. A C
O 10* 0%0 SIMPLE 2012 S 1038
S5 10 “ w2 _—4 ©
co S 440
S, o
= 104 -
> 10 = 10
1 -45
10 =
46 _ @y, x)@v"a) 104
10 Spin Independent, Vector Operator ————— spin-independent
10'47 1 1 IIlIIII 1 1 Illllll 1 1 11 1 111 10'46 | | | IIIII| 1 l IIIIII| 1 1 | IIIII|
1 10 102 10° 1 10 107 107

M, [GeV] WIMP mass m, [GeV]
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Events / 10 GeV

Mono-W or Z searches ' HC/ATLAS/CMS
q
® Search for DM signature with gauge boson ¢ _ X

Lower background, complementary to
mono-jet search

Both hadronic, leptonic decays covered ATLAS
(hadronic channel has stronger sensitivity) . X EXPERIMENT
45 PRL 112 (2014) 041802
- ATLAS 20307 \s=8TeV ' e Data I < s D5(u--d):0b . 'D5(u—d)obs .
40:—ATLAS 203fb ‘" 8TeV g(a\;[\?)+Jet — 510'36:—_—.-_C<5>geNT)Zofo —Cg(lus I)o:r -energy 90/°CL
- SR: ET™° > 500 GeV W/Z(e/w/t)riet L —— XENON100 2012 COUPP 2012 -
355—_55(u=d) o0 Top (e/w/T)+je E é jgW8 [ DSATLASTTeV i) _ B
30F — - D5(u=-d) x0.2 Il Diboson = o a- - |
= ////, uncertainty 0 > - . g
o ~ 1 : L S J
20f, l—_{—ll / = B _ I |
E Z 1025 E
s ///// /////%%%% oL ]
10 3 //////// //% 107# |- spin independent -
5 4
e — w[ATAS 203 SgTeV S
5 60 70 8 90 100 110 120 1077 10 107 10°
M [GeV] m, [GeV]

« alarge radius jet (pT>250GeV)
* mjet =[50, 120] GeV

 lepton, photon vetoes CMS DM+Z search
- Data driven background estimation [ EX012054




Searches with Simplified Models //ff

® Less simple and versatile as it is more model-dependent
However it overcomes the problems of EFT
(validity, comparisons with the direct detection experiments)

®* Additional parameters are needed (e.g. mediator mass, couplings...)

®* ATLAS+CMS(+theorists) Dark Matter Forum created Run-2
benchmark implementations based on Run-1 experience
(Dark Matter Forum report: Phys.Dark Univ.9-10(2015)8-23)

® already in use by ATLAS and CMS during Run-1

« Signatures:
« Jet + Emiss

SM Y.Z, W, h... q 8 x(my) ° Boson + ETmiss
X . nggs + ETmiss
2 oM « HeavyFlavor
V,A(Mmed) q + EtmiSS

SM 7 EFT operators B
X 9

xlmy) » Free parameters

EET Simplified Models 9 (=9su=dow)

* Mpy Mpeq



Other DM searches + mini-summary

® There are other searches based on rich phenomenology

(interpreted by simplified models)

°* DM + heavy flavours : enhanced coupling

24

LHC/ATLAS/CMS

[with top] ATLAS: EPJC 75(2015) 92, JHEP06(2015)121, CMS: CMS-B2G-13-004

[with bottom] ATLAS: EPJC 75(2015) 92

* DM + Higgs
[Higgs = ~v] ATLAS: PRL 115(2015) 131801

QY]

]

w
©

NEW-= [Higgs = bb] ATLAS: arXiv:1510.06218 5107
(submitted to PRD) 5 104
® Higgs portal model : %10_43
[invisible decays] ATLAS: 2
arXiv:1508.07869, arXiv:1509.00672 &1
CMS: CMS-HIG-14-038 %9; 1074 -
® Broad variety of mono-X searches 9 10

carried out, so far consistent with SM =10

® Large range of parameter space was 10
scanned, complementary to direct 10°%°
and indirect DM search experiments 1057
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PART 3
Beginning of new era: LHC RUN-2
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LHC Run2 (2015~2018) Stal’tEd LHC/ATLAS/CMS

luminosity ratio

® Center of mass energy becomes 13TeV (about twice)
® Data taking since June 2015, already used for phy5|cs
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® Run2 th IS year ~ a feW fb 1 2 a ATLAS Onlme Lummosnty (s=13TeV
2 355 LHC Delivered E
by the end of Run2 ~ 100fb-! A — Py ;
.é :_ _
egr s . . =1 E  Total Delivered: 2.92 fb™
Sensitivity for High scale BSM will 5 25F Total Recorded: 268 1" |
] C ]
be boosted by O (10 1000) wis2013 & 2F E
100 — ——r e 45 E
[ ro] £ "~ ]
ratios of LHC parton Iumlnosmes 13 TeV/8 TeV J’I s E
—— ¢ 1 °  YWATLAS é
gluino pair prod. (1.5 TeV) oo 0.5F EXPERIMENT =
X72 / o1 T .
 —— gg | 23/05 22/06 23/07 23/08 23/09 24/10
e YA / : Day in 2015
qu 4 Data included from 2015-06-03 08:41 to 2015-10-21 09:53 UTC
T qg . 3000 T T T T T T T T 13000
i I LHC Delivered: 2639.33 pb !
10 - - @ 2500 [ CMS Recorded: 2426.33 pb ! 2500
X 2
E 2000/ Preliminary Offline Luminosity 12000
. ] £
]['"gtgs p2y3|bs . 5 1500/ {1500
actor ~2 gain . . 3
— .=~ __-4Z SSM (3TeV) 5 1000/
g e x 13 - £ 500} 1500
MSTW2008NLO §
1 11 | 1 1 1 1 1 M R ST | 1 1 1 ot : : . : : : : Py
100 1000 Wyt oW o \o\\} "“Q.Ls »° 0555 4 0 40

M, (GeV)



High-mass events
5.4 TeV di-jet

pt =2.62 TeV
eta = 0.357

Heriment at the LHC, CERN
frded: 2015-Aug-22 02:13:48.861952 GMT
Hnt / LS: 254833 / 1268846022 / 846

3.0 TeV di-electron
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13 TeV analysis in ATLAS He/ATLAS/CMS

® First control region plots for measurements and searches already available

® Run-1 limits on black hole production has already been surpassed by
Run-2 data set (80pb-1 ATLAS-CONF-2015-043, ATLAS-CONF-2015-045)

®* whole list of analyses (SUSY, Exotics) found here
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults AT L AS
W+jets control region IJel mass searc
b S s L ) L L S N L B B W10 ET T T TTTT] ‘ T |||||||’I|I|I|II|‘|||||||||‘IIIIIIIII‘IIIIIIIII‘IH@
8 F o —8— Data 2015 (s = 13 TeV) % = o =
o [ ATLAS Preliminary —— SMTotal i > - ATLAS Prellmlnary 7
S, oL L-7p it - " \s=13 TeV, 80 pb’ ]
S B Zets ] = — Background fit &
& T I oivoson 7 B —— BumpHunter interval 7
10° _ = , ---o-- BlackMax, m = 4.0 TeV
- CRW selection 3 10 = --o-- BlackMax, m = 5.0 TeV—§
10 = - :
- e 10E E
1__ | E p-value = 0.79 E
= E Fit Range: 1.1 - 5.3 TeV
. 5 TE y1 <06
- = :!!!!!!!!{!!!!!!!!,
E R _é 57 _q
S . £5. S G AFN 1 GHE B = @ :% o
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ATL-PHYS-PUB-2015-028 Mg (incl.) [GeV] ATLAS-CONF-2015-042
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13 TeV analysis in CMS HC/ATLAS/CMS

® Preliminary control region plots based on 42pb-1 data

®* whole list of analyses (SUSY, Exotics) found here

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

ap distribution for H;>225GeV Di-jet mass search
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Run-2 expectations for DM searches LHC/ATLAS/CMS
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Suppression scale M_[GeV]

® Run-1 sensitivity will be surpassed by
the first 5 fb-1 of Run-2 data
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mono-Jet analysis Control Region
in early 13TeV Run-2 data



. 31
Conclusion and outlook HC/ATLAS s

® From Runl
®* DM Searches from both directions i.e.
®* Complete models (SUSY)
® Effective Field Theory and Simplified Models
® no evidences were found (except for some hints)
® strong limits made in the parameter space

® For Run2 and beyond

® Higher energy regime (\E=13TeV): expected much higher
sensitivities for large scale physics

®* Many new schemes, new implementations, even new detector (!)
installed : smooth start of the Run-2 owing to the
accumulations of knowledge, experiences during Run-1

New surprise can happen anytime - stay tuned
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spin-dependent interaction limit

®* ATLAS mono-jet search
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PMSSM mass limits LHC/ATLAS/CMS

light squarks EW gauginos
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PMSSM mass limit

stop

ATLAS pMSSM: z:’ LSP
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PMSSM mass limit LHC/ATLAS/CMS

EW Sleptons EW Sleptons
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