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Mono-X + MET Di-Jets
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Mono-Jet + MET
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SUSY LL4} D BSMiE R
e 750GeV 2 FHBIERICEHT L7V I T—k
e ATLAS/CMSHIC2015FICRSN-BBIIHESRTET
o HITHETDIS5DETHEAN DL DL, BEINDE
o RERENGWVWFvUXRI  SEBEAF
e DM#2% : X+MET WNZ AR EITH
* INFTTHDE ZBIMEIFIR L. IRRZMRiE
s ZDMDF v RIL
o JREIZZR U, HIRZ KIBICEF
o DU THN—LTUWEWRRLGEF o RIL
o 20 NJLDBBEITW DHIEE. RENLGHDIEHZL
e ATLAS Exotics public. CMS Exotica public
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
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e more than 400 papers!!!!
o LA CIERE LHETDE
(local ~40 , global ~20 )
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Photon identification

Variables and Position

by courtesy of Marco Delmastro

Strips___ 2nd____Had. Shower Shapes
RatIOS fi, fs|de RI]*v Rgb RHad* Eusllu\ 1 E;?lll‘( 2
Widths w3, Ws tot Wn,2* - Ensllmxl Ens;l”nc 2
Sha pes AE: Eratio * Used in PhotonLoose.
= Ensnlw 2 E:nln
Energy Ratios
EEEEEEE 52 amm
n E3><7 SR Ry = s EEE Y W'dths
- S 3 AN
E7iq Egy, N |
I DYy (ZE,’U-’-)")
EHad 2\ Y E > E;
L Width in a 3x5 (AnxA@) region
ET of cells in the second layer.

Second Layer P
~ P Ryad =
Hadronic

Stnps \_______,_..——-“‘"_—_\A f

S1 S1

f e = E’Txl _E3x1
siae S1
E3><1

1 —

ETot.

ws3 = w, uses +1 strips (three total);
wstot is defined similarly, but
uses 20x2 strips.




Photon identification and isolation
£ Faras preiminary " E
S E Simulation ¢++W+—¢—¢__¢_E
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i " | E
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v" Uncertainty: full data/MC difference - h1<0.60 E
= EF° <4 GeV =
¢ i- I % - iS% fOI' ET > 50 Gev 075— e Converted —f
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by courtesy of Marco Delmastro
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SPin-0 analysis

Optimized for the middle range
where there are enough data events

e using a smooth functional form,
fully data-driven to model the
total background (sidebands)

fuo (xibodag)) = N(1 = x1/3)Zimoailos
©=F

e k=0 (lowest D.O.F) is selected

¢ validated with MC, data

SPin-2 analysis

e Optimized at searching for high

mass range (not enough events)

Diphoton (irreducible) : MC
e DIPHOX NLO shape/XS
e Sherpa event level

i, iV ] (reducible) : data

e control region : inverting
tight shower shape criteria



DM models at LHC (in Run-1)

e Effective Field Theory (EFT) : provides simple framework

to compare collider and non-collider experiments
Eur. Phys. J. C75 (2015) 299

v/9

suppression

e Limited validity : assumption m

DM

Dirac

(Fermi constant like couplings)
e Frequently used during Run-1 8TeV (2010-2012), often criticized
e Migrating to “simplified model” from the end of Run-1

Name | Initial state Type Operator
Cl1 qq scalar ZaxTxqq
5 [ "
8 \ C5 gg scalar 4M2X XaS(G“ )2
P (
D1 qq scalar 7 XXTq
C
9 || D5 99 vector 3 XY X
E *
o 1 o L oty iy A
quj \ D8 qq axial-vector 3= XYY XqV.Y"q
D9 qq tensor #)‘(U’quowq
_ D11 gg scalar ﬁXXO‘s(GZu)Q
mediator > Qinteraction)




8TeV Results (EFT limits vs.
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Non-collider WIMP searches)

e
Loy vy

s wryxvy 0
X o xa,,

= ======= ___J'—’

Spln Dependent

XYXY - XX
XYYXYY - XX

truncation (use small
Q events only) to check
the EFT validity

DM annihilation rate 4Eur. Phys. J. C75 (2015) 299

Collider searches insensitivxe to WIMP mass (when Iightxer than MET, jet cuts)
Limit keeps constant below a few GeV - Complementary to non-collider exp.



Mono-Higgs 3% (13 TeV) >

* Higgs couples to Dark Sector

Looked into three H final states

H2vy H>bb H>ZZ
y\ merged signal

MET
MET
> 500 GeV > 100 GeV
At least 2 photons e
(tight ID, isolated) One large-radius jet _
(associated with 2-trk jets) Require 4 leptons

105 GeV < myy < 160 GeV
Resolved signal region
Other requirements on for MET < 500 GeV

pTW’ MET (requiring 2 jets )

110 < my; < 140 GeV



Events / GeV

o (pp — h ¢ %) x BR(h— yy) [fb]

Mono-Higgs searches (13 TeV)
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>ZZ->4lep

— Vector: 200 GeV
----- Scalar: 300 GeV

ATLAS Preliminary
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Mono-Jet Sensitivity for 2016 » Run2+3 = HL-LHC ATL-PHYS-PUB-2014-007
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www.apple.comhttps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-007//jp

Axial-Vector Z' Mass
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Collider coverage Strongly relying on
the coupling strength assumed

arXiv:1503.05916v2
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Mono-jet + Dijet Complementarity
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http://arxiv.org/abs/1503.05916
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Transferring the limits to DM-Nucleon cross section

Vector type mediator

2 2 2 JHEPO01(2015)037
0_0 o 9 9DM 9q Hny ( :
! 7T-‘Z\/‘Ilillled

2 4 2
. y / 1 TeV Hn
~11x% 103 em2 . [ IPM Iq X
% om ( 1 Mowg ) \1GeV

Axial-Vector type mediator 10% aint
o uncertainties
&«

o 39bmIq(Au+ Ad+ A n,
Osp = .
WA’II%led

2 4 2
—/ 0 f 1 TeV /_,L?l
~ 4.6 x 1074 em? . ( IPM I A
x o ( 1 Moo 1 GeV

point like nucleon in the non-relativistic limit



http://link.springer.com/article/10.1007/JHEP01(2015)037
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EXPERIMENT

Results: DM and Higgs

arXiv:1508.07869 , JHEP11(2015)206, Phys. Rev. Lett. 115, 131801 (2015)

For mpm < my/2: BR (H—inv.) relevan

* BR (H—inv.) <28% (31%) from VBF

BR (H—inv.) < 25% (27%) from combination with WH/ZH

For mpy > my/2: mono-Higgs relevant

* Interesting, because probe cannot be ISR (as opposed to

other mono-X signatures)

* decay channels H—yy and H—bb (poster by Jia Jian TEOH) studied

* Interpretation done both for EFT and simplified model

1 0 T L I T T T T T T T '
- 1 DAMA/LIBRA, 99.7%CL 90% CL exclusion:
107
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by courtesy of J.Gramling at LLWI 2016
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@é Results: DM + heavy flavour

. Eur. Phys. J. C (2015) 75:92

scala.r z M N qaxx

ttbar + Eymiss
* atleast 1 b-jet
Scalar operators/mediators can have explicit » [Egmiss > 270 GeV
dependence on quark mass * Jetpr >80, 70, 50, 25 GeV
* b-jet pt > 60 GeV
* Motivated by minimal flavour violation * A¢ (ExMss j12) > 0.6
. _ . e mr> 130 GeV
* Couplings to top quarks interesting! « and other topological cuts
» Signature “ttbar + Etmiss” similar to SUSY stop
> - T T T ‘ 7 200 M ™ — 10¥¢ T , T
3 ..ol ATLAS , > D 1= ATLAS E . ATLAS —— ATLAS Scalar (D1)
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by courtesy of J.Gramling at LLWI 2016
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Mono W ?

Various model considered * Limit depends on the model
D1 Scalar « Consider as many as possible
D5c _ |Vector (constructive) « In general best limit with mono-jet
D5d  |Vector (destructive) o _
D9 Tensor * mono-W very sensitive if constructive
interference
— 103 — 2
“E 10 —=— ATLAS mono-W lep, DSc ATLAS mono-W
O ATLAS -W lep, D5d < .
“=10%F 5. ATASmonoZlep, D5 20.310" 1s=8TeV o/ destructive
S 109 i
— i oo e = ) n e o e e e --:::9:::"& .
SRl S e Ao nonRinsiag mono-jet
»n 10
% 10-40 .¢ ---------- AT
O 104 ... ‘\ --------------- T = W
O a2 mono-
10 L\ S~ o
i 1043 _ spin-independent Construc“ve
104 ------ CoGeNT 2010 __———
-45 XENON100 2012 E—
18_45 a SuperCDMS 2014 ---E3-- ATLAS mono-W/Z had, D5c Complementary
1047 R T T e fTUS ooz e O to direct
10 102 29 searches
JHEP 1409 (2014) 037 my [GeV]

by courtesy of G.Siragusa at LLWI 2016
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