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DI$ Motivation pork Makter

Presence of a dark matter component in the universe inferred
from the observation of its gravitational interactions.

7 3% DARK ENERGY

23% DARK MATTER
Rotation of stars around the center of the galaxies
6% INTERGALACTIC GAS is not consistent with the amount of mass observed.

0.4% STARS, ETC.

Collisions of cluster of galaxies.

< The bullet cluster.
Gravitational Lensing:

Large distortion of images of distant galaxies due to
gravitational lensing (indication of DM in galaxy clusters).

Requirements: Candidates:
Stable. Neutrinos not a good candidate.
Electrically Neutral. SUSY particles? E.g. Lightest neutralino.
Massive & weakly interacting. WIMPs.

At colliders like the LHC, WIMPs can be produced in pairs. E\sfl&?w\%

We can tag those events via q g

the presence of an energetic jet,

<l
<

a photon or a boson from initial state radiation:

q X q X 3



DI$ WIMPS eFT

Effective theories of SM interaction with WIMPs.

.-  M?
Effective Lagrangian approach with parameters M* and m. . M™=

£.8;

Assuming interaction is mediated by a heavy particle with
mass M and coupling g, and g,.

% taken as a Dirac fermion.

Name | Initial state Type Operator
D1 qq scalar % XXqq
U oy Different operators, with different
D5 qq vector XV XA Vg
) structures, are considered.
D8 qq axial-vector # X7Hy° XqVuY’q
D9 qq tensor # X" xqouq
D11 gg scalar ﬁ)zxas(wa)z

Theory only applicable when M is much larger than the energy scale present in
the reaction.

Natural solution to BFT validity: simplified models (with mediator).

Three regimes can be studied: off-shell, resonance, contact interaction.
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DES Motivation SUSY

SM is a very successful theory, but...

Particles in the SM have masses in the EW scale.
No new particles between m(~10% GeV) and m,(~10® GeV).

Hierarchy
High levels of fine tuning needed to avoid divergences in ‘afobmw"

Higgs mass corrections.
Corrections can be up to 30 orders of magnitude larger than my.

No Dark matter candidate.

SUSY:

Hierarchy problem? New super-partner loop roughly
cancels the SM loop.

DM? If R-parity is conserved, lightest SUSY particle
(LSP) is stable. Good candidate for Dark Matter.

Mono je’:/rkotoh signatures:
Squarks _) Sleptons D g:ms;(‘;grce Grayvitino.
Stop in compressed scenarios.



DI$ Motivation LED
Large Extra Dimensions:
Extra spatial dimensions proposed as a way to solve the

hierarchy problem.
Explain the apparent weakness of Gravity (relevant scale ~TeV).

ADD (Arkani-Hamed, Dimopoulos, Dvali): | , -

Gravity propagates through y

4+n dimensional bulk. ( - '

Other SM fields confined to the usual 4% ] / >=/
& ///’ ,,,,, 3

P ~ 2+n n
mep; ~m~tR

Allows a fundamental Planck scale of the order of EW

scale.
G
Signature oI: these events:
8,9 1 photon/jet + Graviton (missing
Jet, y transverse energy)
8.9
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DI® LHC Data,

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

Peak interactions per crossing

Superb LHC performance in Run I. - " reto e saa 2
é m— 2011, 7 TeV, 6.1 b '
Rapidly accumulating large data samples!
€15 {15
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DI§ Monojet searches at 7 TeV

7 TeV, 4.7 fb'l Good ag?eement between 7 TeV, 5.0 fb!
observation in data and SIM
JHEP 04 (R013) 75 expectation. JHEP 09 (R01R2) 94
| 4 signal regions: p:(j1) >110 GeV. 4 signal regions:
E™%5, pp(j1) > 120, R0, 380, 800 GeV Emiss> 250, 300, 350, 400 GeV
| SR1 SR2 SR3 SR4 | ETSS (GeV/e) - > 250 > 300 >350  >400
Total Background 124000 + 4000 8800 + 400 750 + 60 83 + 14 Total SM 7842 +367 2757 £167 1225+101 573+ 65
Events in Data (4.7 fb™') | 124703 8631 785 77 Data 7584 2774 1142 522
_ > o =
3 —e— Data 2011 O 108 Vs=7TeV E :HN E
S 10t e D5 M=100GeV M,=680GeV uN) J' " 3
2 CFE o, e ADD 5=2 M,=3.5TeV 5[ JLdt=50fb (- ace B
o Sum of backgrounds n 10 ) 2o E
] [ Z(—vv)+jets € —@— Data 3
I W(— Iv)_+jets O 1 04 ------ DM A =599 GoV,m=1GeV _]
C Z(— lly+jets > v ADD My=2TeV, 8 =3 3
3 tt + single top H 3 [ 1
C— Multijet 10°E 5
—/ Di-bosor}g ______ ;
[ Non collision 102 .
SR1 ey :
10 : s
800 1000 1200 S

11 l_ i 1 1 I :
il 200 400 600 800 1000
ET™® [GeV] ET™ [GeV] 8
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° ° "D ° { O A
DI® Limits on WIMP production 94
\\ / &
AR
LS
R — 90% CL limits on the visible cross-sections are
JH (RO13) 75 translated into limits on M * as a function of m,
(WIMP mass) for different operators.
2 LATLAS > 1200 ATLAS L .
U g axial-vector: Thermal relic
s o Ju=e7’ S 1000 [Lat a7 15" 1 Indicates the values for M*
[ = [} - a
. S — 4 2 goof . and mx
% 30: _______ % leading to the proper
3 - S sool S b
Ea / ommmsmma | 5§ rmemeana | abundance (WMAP).
N - - Expected limit (+ 1o, ) 400 ... Observed fimit (_1 1:*9 ) _|
10:_ — Observed limit (+ 16y,,,,) E R theory E
i e —q oo - P’ EFT no longer valid.
1 10 10? 10° 1 10 10? 10°
WIMP mass m, [GeV] WIMP mass m, [GeV]
> CATr A T T T T ] S'o400F T T T S 600F 4y ae L
§1200: ATLAS vector i (_322003_ Operator D9, SR4, 90%CL tenSOI’_: (_3 - ATLAS ]
E* L \s=7 TeV . 2*2000;_ £= Expected limit (£ 1o,,,) E E* [ {s=7 TeV Operator D11,.SR4, 90%CH
2 800_— a 21600;— — Thermal relic _; 2 C — Thermal relic _:
% SEOEEEEEEE R S SIIIIII ] .% 1400i ________________ i .g 400_ ™ el 1
8 coof & 12007 1l e :
Ug; E Operator D5, SR3, 90%CL ) ] (,%, 1000;_ ATLAS _; ug; 3003_ _:
400 - - Expected limit (+ 1o, ) N — 800 5_ \s=7 TeV _E N 1
i — Observed limit (¢ 1o,,,,) 600L- J‘Ld 7t E 200~ a
200; — Thermal relic 400 E_ =4 _E SC&I&I’ -
i Lol Ll LA 200 Ll Ll Ly 100 il Ll ARl
1 10 10? 10° 1 10 10? 10° 1 10 10? 10°

WIMP mass m, [GeV]

WIMP mass m, [GeV] WIMP mass m, [GeV]9



Dl§ WIMP-nucleon cross section

\ A

T

Different operators contribute either N i%

. JHEP 04 (=015) 75 ) to spin-dependent or spin-independent LS
JHEP 09 (2012) 94 WIMP-nucleon cross sections

Under assumption of the validity i oM oM oM
of the EFT, LHC results are competitive >®< o >®<
to direct detector experiments P P
(mainly form, <10 GeV).

_ ATLAS \s=7TeV,47fo", 00%CL _  ATLAS Is =7 TeV, 4.7 b, 90%CL
45| — SIMPLE 2011 —— D8:q5— jm)- | 19— xenoN100 2012 D1: G- (D)
% 10%¢ Picasso 2012 D9: gd—s i(v¥ Dirac - % 31[ L= g, Dirac
SO B g, = DO O (| 210 - cowstiowenergy  —=— D5: o i)y,
5103} —— D8: CMS > iy 1 Clneory 1 §gsel - CoGeNT 2010 —— D11: 99— j(xX),,,..
8 37 i - ] [0 F o D5: CDF qa_> j(Xz)DiraC """"""" -1 Gtheory -
D107k @ 10_35 E ]
7 7 :
510 S10°77F
S 30 S10% |
1030F e i
% O e e 7 % a1l
1090k T | = 107F
R N ;
s = - ] % 10-43 L ]
§ 1074 g |- p— .
"""""""" ... Spindependent | =107} ol . ... Spinindependent
1 10 102 10° 1 10 102 10°
WIMP mass m, [ GeV ] WIMP mass m, [ GeV ]

Strong limits in spin-dependent processes.
Large sensitivity in case of spin-independent D11 (g¢g initiated).
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DI

) CMS
Mono-photon searches at 7 TeV ?g@)

| 57
Search for new physics in events with a photon + large E, ™55, \Jﬂi %
Main background: irreducible W/Zy(=>vvy) and jets/electrons faking photons<=>%

? TeV, 5.0 fb?
PRL108, 261803 (2012)

Isolated photon:

pr(y) >145 GeV, |n'| < 1.44
E ™ss> 130 GeV

Veto on leptons, isolated tracks, jets

CMS\s =7Tev =~ DATA ]
5.0 fb! 77777) Total uncertainty on Bkg

10 \ | Zy—=vvy

<P sl W ev
1 Boggdnnnnnnn . B MisiD-y (QCD)
; y+jets, Wy

Events /GeV

Beam Halo

10" — SM+ADD(M =1 TeV, n=3)

10°

10°

10°* -

nnllnnonnllonan =
200 300 400 500 600{ 700
ol [GeV]

Good agreement with SM expectation

Total Background 75.1£95

Total Observed Candidates 73

7 TeV, 4.6 fb!
PRL110, 011802 (2013)

Isolated photon:
po(y) >150 GeV, |nY| <2.37
E™ss> 150 GeV

Nio1s(Pr>30 GeV) < 2, Ap(E™8, jets/y) > 0.5
Veto on leptons

102 ATLAS Z(—Vv)+y
O W/Z+y
§ . W/Z+jet
I Ldt=461fb I top, y+jet, multi-jet, diboson
10 #4555 Total background
_— — - ADD NLO, MD=1 .0 TeV, n=2
S L - WIMP, D5, nf=10 GeV, M=400 GeV
1 7 e B - ]

Events / GeV

2
—=
107 ....|....|...§

150 200 250 300 350 400 45 500

ET* [GeV]

Prediction =+ (stat.) + (syst.)
Total background 137 + 18 +9
Events in data (4.6 fb~ ') 116 1 1




DI

WIMP-nucleon cross section

the
'PRL108, 261803 (2012) wiow of
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PRL110, 011802 (2013) Vot ) |
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-’
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______

% E —— ATLAS, D8, qg— Y(x%)
1042k ---- ATLAS, D9, 65— Y(xX)

- ATLAS \'s =7 Tev,j Ldt=4.6 1"

IIIII T T TTTTTIT T T T TTTTIT
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----- XENON100 — CDMS

! IIIIIII]

— Picasso

---ATLAS, D1, q@— Y()

Dirac

Dirac

Dirac

vl ll 1 Illlllll 1 lIllllll Il Illlllll

lllll 1 1 lllllll

1

10° 1 10 10 10°
m, [GeV] m, [GeV]

10 102

Not enough sensitivity yet to

exclude/confirm the CoGeNT/
DAMA excess™* at

m,~ 10 GeV in
D1/D5 models

T T L N

iy “0GeNT DAMA
| .. CDMS (no channeling)
ENONIOLE

10721 CDMS+EDELWEISS -
EDELWEISS
SUSY 68%, 95%

l()““ - XENONI100 & y o

2 2 .
Cross—section [cm“] (normalised to nucleon)

SUSY 68%,95%,
+ LEP-CMSSM constraints
sel s w0y vl

10 100 N
WIMP Mass [GeV/c]

*not confirmed by Xenonl00 and LUX
results

1000

Rather strong limits from LHC:
For m < 100 GeV : WIMPS-nucleon cross sections above 3 x104° cm= (10°° cm?)
are excluded for spin —~dependent (spin-independent) operators .
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DI

8 TeV, 19.5 fb-?
CMS-PAS-EX0-12-048

Main bkg.: W/Z+jets estimated via
data-driven methods using

dedicated control regions.
CRs: utjets, Z(=2uw)tjets

Lepton* veto, A¢(j,, j2)>R.5,

Monojet searches in CMS

Following similar strategy as 7 TeV analysis.

% T RS EELEAS BN N R D) BN R 010" LU UL LU LR LU L
>t [CIW-lv > ol
G10° CMS Preliminary =paRC: 3 CMS Preliminary -’Z_—>“
? Vs =8TeV -tf e Vs =8TeV -tt

5| 8
,gw; ILdt:19.5fb" Mt g ILdt:19.5fb" Mt
@ ]Qch o []lQCD

100 110

110

Njets(pT>50 GGV)<5
Leading jet pp >110 GeV.
B, ™is5> 250-850 GeV
3 T T

g 10 CMS Preliminary 5’ 3\:::
g el B8V .
z jl_d:=19.5 o t
10° [JacD
Oz
P " — ADD My=2TeV,5=3
....... DMA =0.9TeV, Mx=1 GeV
B T T— UNP d,=1.7, Ay =2 TeV
—@— Data
. Lk 1
1 c
E —e.—»—‘: o =
9) 2F
= sE ; e
S 1; > R S +*++++ + II | «»;
8 osf 2 21k as +f LTe
oF E
200 300 400 500 600 700 800 900 1000

ET'S® [GeV]

M [GeV/c?] M, [GeV/c?]
ET'SS (GeV) — > 250 > 300 > 350 > 400 > 450 > 500 > 550
Total SM 49154 £1663 18506 = 690 7875+ 341 3663 £196 1931+131 949 +83 501 £ 59
Data 50419 19108 8056 3677 1772 894 508
—~10?

o)
o

Good agreement <
between observatjon%i
in data and SM 5
expectation. 8

Limits on the |
visible cross section -

T T T T
CMS Preliminary

|1 1111

J.L dt=19.5fb", Vs=8 TeV

------ 95% CL Expected limits —
= 95% CL Observed limits
- & 106y

I:I + 204,

ll\lll\\

1. Jet1 P> 110 GeV/c
E 2 NJet(P >30 GeVic)<2
- 3.A¢(Jetl, Jet2) <2.5

|- 4. Isolated electron, muon (PT > 10 GeV/c) veto

- 5.Tau I(PT > 20 GeV/c) veto

| | | |
250 300 350 400 450 500 550

EM™* Threshold [GeV]
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DI

Monojet searches in ATLAS

8 TeV, 10 fb!
TLAS-CONF-2012-14

Main bkg.: W/Z+jets estimated
via data-driven methods using

dedicated control regions.
CRs: W(—>e/uv)tjets, Z(2>ee/un)+jets

Lepton veto, A¢(Eq ™S, j5)>0.5,

Njoie(D7>30 GeV)<3

4 signal regions:

Following similar strategy as 7 TeV analysis.

ATLAS Preliminary

Events / 5GeV
3,

T T T
—e— data 2012
L —— TotalBG
Ldt=10.5"  [TJZ (> wv) +jets
\s=8Tev EAW(—=1v)+jets

CZ(—>1l) +jets )
[ Dibosons [ Dibosons
Il i + single top 10° B (i + single top

T T
—e— data 2012

ATLAS Preliminary

Ldtet05tb" Total BG

EW (- 1v) +jets
Ns=8TeV 7 (1) +jets

Events / 5GeV

IIIII| 1 IIIIIII| 1 IIIIHIl 1
lHlHll 1 IlllIIIl 1L

o} Q L4
15 1
S S VHa SO I v IS o i SO 0 I
3 e e 1 LIS o S e S My i
S os 8 o
0 20 40 60 80 100 120 140 160 180 60 80 100 120 140 160 180 200
transverse Mass [GeV] up invariant Mass [GeV]

SR1

Background Predictions + (stat.data)+ (stat. MC) =+ (syst.)

SR2 SR3 SR4

Totalbackgrou;ld 344400 £ 900 £ 2200 + 12600 25600 £ 240 £ 500 £ 900 2180 £70 £ 120 £ 100 380 = 30 + 60 + 30

Data 350932

25515 2353 268

E™ss) leading jet pp > 120, 220, 350, 500 GeV
Good agreement betwegn

dN/JET=*  [Events/GeV]

Data /BG

ATLAS Preliminary
Ldt=10.5fb"

/s =8 TeV

10

T T T T T
—@— data 2012
Total BG
C— Z(—>vv)+jets
0 W(=lv) +jets
C— Z(—l) +jets
N Dibosons
R i single top
.............. ADD n=2, M_=3 TeV (x5
....... D5 M=80GeY, M=670GeV (x5)

~ _ —10"%
_G_+‘q/§, Ma/a-1TeV. Né 10™eV (x5)

15

+++

! B e

0.5

observation in data and
SM expectation. =

e}

Limits on the
visible cross section =

200 300 400 500 600 700 800 900 1000 1100 1200

EM* [GeV]

1

10"

102

95% CL

ATLAS Preliminary Expected limit |

-1
Ldt=10.5 fo —— Observed limit E

Ns =8TeV - +1o,,,

\:l + ZGexp

T IIIIHI

T

T Tlllll

i

SR1
SR2
SR3
SR4

=
N



DI$ Event Displays

Monojet candidate events.

8 TeV, 19.5 fb' 8 TeV, 10 fb
CMS-PAS-EXO-12-048 T

LAS-CONF-2012-14

‘ CMSEp eriment at LHC, CERN
C }| Data recorded: Fri Oct 5 20:41:32 2012 CEST

\S Ru /E nt: 204553 / 26729384
g| Lumisec tion: 31

1 Jet 0,
ot = 921.98 2 :
eta = -0.463 \

phi = 2.508

el
~ ‘o o .
\"m'
( }
= L
\
. -
3 a
°* o -
-y -
Ay ~- = MET 0,
pt = 913.68
- eta =0.000
- phi = -0.657

WATLAS

* EXPERIMENT
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90% CL Limits on...

CMS

[CMS-PAS-EXO-12-048] R -1+ R
< T 1 < 7 I
Suppression Scale | ] , ]
. CMS Preliminary ﬁ . CMS Preliminary ]
. Is =8 TeV Is =8 TeV
8 TeV data improves 3 1
Ldt=19.51b 1 - |Ldt=1951 7
previous limits on A(M * ) — CMS 2012 Vector — CMS 2012 Axial Vector
by. &bout 150 G_ev 300 —CMS 2011 Vector N 300 — CMS 2011 Axial Vector b
Spin Independent Spin Dependent
- | Ll Lol Lol | Ll Lol L
E:- oW % ﬂh& 10 10? 10° 1 10 10? 10°
O\ESMM? v C&.. E—‘i M, [GeV/c?] M, [GeV/c]
. L v
V&LL‘ . ,_,10-27 . —— T . — . — ,_.10-27 — — T — T
% E:V\Ei E» NE 10'28j— CMS Prelimlinary —— CIVlIS 2012 Vector —t NE 10'28j— CMS Prelim‘inary —— CMS I2012Axia| Vector—l:
(& O, FVs=8TeV @ e CMS 2011 Vector — O, F Vs=8TeV e CMS 2011 Axial Vector -
- 10 — — CDF 2012 4 c 1030~ — - CDF 2012 E
2 - J-L dt=19.51f" — XENON1002012 5 O 0L jL dt=19.5 fb" -== SIMPLE 2012 3
© 3 -== COUPP 2012 4 O o - CDMSII 2011 E
WIMP-Nucleon T SMpEzi2 3 B WF Sl 3
i ~ . - ] - == Super-K W'W ]
Excluding, at mX 10GeV: % % e ggmg::gglé ] § B St 7
Vector operator: N ' a5 F =
. O 3g | T
WIMP-Nucleon o > 1.2X103%m? € ' fpiitepepget 20 20 0 T Bl _
0 TR eeeeeeee T 2
Axial-vector operator: i S e b
WIMP-Nucleon o > 4.2x104cm? 2" oI i 5 §
Scalar operator: =10 — Spin Independs S =10%C Spin Dependent .
_ 44 2 -46 Lo Lol Ll -46 || Lol Lol Lol
WIMP-Nucleon ¢ > 1.1x10**cm 6= - poe 10° o 0 i 10°
M, [GeV/c?] M, [GeV/c?]
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DI® Light Mediators

v o(pp — xx + X) ~ L% E? Jﬂi

CMS-PAS-EXO-12-048

q X
Exploring the scenario with a vector-like coupling and

a light mediator with given mass and I' (width) and different DM masses.

For M > few hundred GeV, we enter in the EFT regime, conservative
in the bounds on A (though effective couplings become large).

w
o
o
o

T L T UL LR | T

95% C.L. on coupling f

Ll [ T II l_
% | CMS Preliminary - m-,_=500 GeV/cz, r=mM3
9 : V_ _ 8 TeV - ml=500 GeV/cs, I'=M/10 :
< 2500 " T iS00 Gevic’ T-Mier ATLAS Search
- § eme ]
c - = . R . -
5 [ Jra=ese ~mosaverwo | fop DM in Z-boson (1) +E,miss| 8 TeV, 30.3 fb'!
= - —_—m,= e 1= T n
EZOOO__ ] 7 10° g e e
= =D A C e it arXiv:1404.0051
O B ] X TE jL=20.3 " 1s=8Tev m,=1000 GeV f=} E
= ——— m,=1000 GeV f=4
o\o 1500 __ __ L 10° = e g]é]?gol? GeV =6 =
8 | 1 S oL 1
1000F /. L e o g o — E
L N - - v T - 3
500|- - o'k 1 =
- ] 10%F 2 E
B ] 1073:....|...m....1...mH..\....1.“.1‘...““.\....’ =
0 I Lol Lol L1 0 50 100 150 200 250 300 350 400 450 501 E
10 1 10 m, [GeV] ATLAS E
Mediator Mass M [TeV/c?] s oo [imam' isarev
Limits are set on the couplingsoo 3

ol b b b b byw s by
300 400 500 600 700 800 900 1000 0
m, [GeV]
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For M < 100 GeV the collider  and mediator mass (mediator™”
bounds are weakened. is a scalar particle).
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[CMS-PAS-EXO- 12-048]

M, (TeV/c?)

A

Q T
95% CL on the visible cross-section for the effective ‘1 ‘i%
ADD theory are translated to limits on M for ALS

8r T | T T

- CMS Preliminary
7 a f Ldt=19.51b", {s=8 TeV 7
6 B ——— CMS Monojet (LO) 8 TeV

ATLAS Monojet (LO) 8 TeV

Limits on LED

Mono-jet 8TeV

5 T RS LR L
Q. E 5 —— 95%CL Observed limit
v C }?// === 95%CL Expected limit (+ 1 26,
X - & %444 ADDn =2
§ F R ADDn =6
o L
.. NN A
ATLAS Preliminarya\y \s=8TeV, I L=1051b
10" —
7
102 — N
F \
Coooly ! L N L L
1 1.5 2 25 3 35 45 5

different number of extra dimensions.

PRL110

NG

p
|ATLAS-CONF-2012-14

, 011802 (2013)

Mono-photon 7TeV

|
2 5 The models starts
o 0 being challenged
Limits on M, beyond 5 - 3 TeV by the limits
_ = ,
LO NLO : ~

0 | Exp. Limit Obs. Limit | Exp. Limit Obs. Limit exclusion ~TeV
2 5.12 5.10 5.70 5.67 scale.
3 3.96 3.94 4.31 4.29
4 3.46 3.44 3.72 3.71
5 3.11 3.10 3.32
6 295 294 3.13

0.8

ATLAS

T T T ]
\s=7 TeV,I Ldt=4.61b" -

__________

95% CL

=== ATLAS Observed Limit + 1o (theory)
----- ATLAS Expected Limit (+ 10)

CMS (51b™)

limits, NLO Theory

Number of Extra Dimensions

2513; Limits sensitive to the truncation strategy for

s-hat > M ?

LHC probing phase space at large Q%
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A\
>0

D'@ Limits on Gravitino @O)
1)

ATLAS-CONF-2012-14 Gravitino is considered the LSP in gauge-mediated SU Y
breaking (GMSB) scenarios.
o Results interpreted in terms of GMSB gravitino+squark/

WSr=1>

g
gluino production.
[4 N o3 .
4 . Glul%os (squarks) decay to gluon(quark) + gravitino (100%).
g ; E - [ O\ATLAS Preliminary s cismnsns
e Ldt=to5fb" TP
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Final state: ¢ \ . ° RO sz, ]
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= Rl I L L L I AL I L B ] SN N - .= mg=1.0e-04 [eV] B
E 10 3 E E 10_2 == I/l:'.’ lllll \'\u\\\s ‘\'-'\ \\:“ “‘\ = n Mg=2.0e:04 (V] —
éo C — n E ,-,://' \\\\ \\ - \_\““. ‘.“ - = = Mg=3.0e-04 [eV] E
B / """""""""""""""""""" 1 - ) \“.\. oo ‘-\_‘.“ %, meems Mged.00:04 [eV] 7]
104 = 7 TR eeeee -ad i / VRN ' \'\,‘\\\ ".,\ N me=5.0e:04 [eV] ]
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5 e e ATLIAS Preliminary3 985% CL limits on the mass of the GMSB gravitino
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F 5 e NWA it \s=38le 3
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Depending on Mg, . aNd M1, 19
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8 TeV, 20.3 fb!
TLAS-CONF-2013-06

Limits on Stop production

Dedicated analysis targeting compressed scenario.

T T
ATLAS Preliminary

T T . .
ATLAS Preliminary —e— Data 2012

2 s
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DI® Mono-W

8 TeV, 20.3 fb™! Search for mono-W (e/u channel),
CMS-PAS-EXO-13-004 interpreted in terms of DIMI-DIM + w

107 ey er5_Lresne s Gonsidering vector and axial-vector
Z3bo'Gev A = 200 Gev .W>.V .QCD : )
operators and interference between

Spm Independent
DM E=+1 .tf+smgle top.Y +jets

1—1 5 . . . —
\134 om0 Cov  [owosen different contributions (E=+1,-1, 0).
‘UE, 103 ——DME=-1 «+ data syst uncer.
) o o cross section enhancement when
>.A2 - . . .
w10 90% CL limits on DM-Nucleon o interference is constructive : £ =-1
108
B 109+ CMS preliminary 2012 20 b (s=8TeV g0 CMS preliminary 2012 20 fb” 5 =8 TeV
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8 TeV, 19.5 fb-?
CMS-PAS-HIG-13-018

Mono-Z

Mono-Z (—~211): Search for 2 leptons + E;™ss |

i

missi __ _(0F . i
red- E = Pr _mln(Rclust' uncl)

CMS Prellmmary

CMSp eliminary, ZH— I+MET, ¥5=8 TeV, [ L=19.6 o

> 105 T J
é’ , . (ee+u“) Topwwiwslets (deta) [l 2z-- 22v

10 Wz 3 . bk
IS - ™ Instr. bkg (data)
2] * daa —— ZH(125)
c 10°
9
w

10°

10

1
10"

[

95% CL limit on 6, xBR,, _y,imy [fo]

Data/z Bkgs
o -

8 TeV, 18.9 fb!
CMS-PAS-HIG-13-028

E,™ss; (100-130,130-170,>170) Ge

Two b-jets pp, >25 GeV

AQy, (B8 Pmissy > (0.7 - 0.5
Aq)min(ETmiSS?jet) >0.8

Lepton vetoes

Fit to BDT to extract

the H->inv signal.

ZH—I+MET ,/////4/ GZH SMXBRZH_.” iy
V=7 TeV, [ L=5.1 fo" — Observed
----- Expected

Vs=8TeV, [ L=19.6 fb"

[ Expected = 10
[ JExpected+ 20 ]

P Y A S !
300 400
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e ]
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M, [GeV]

q I

BR (H - invisible)
<75% at 95% CL
for my = 125 GeV

Ratio to SM 0,4 < 1.82 at
95% CL for my= 125 GeV

Mono-Z (—2>bb): Very similar to CMS ZH(H->bb) SM analysis.
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T
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DES Mono-W/Z £

8 TeV, 20 fb! Search based on the hadronic decay products of W/Z.

PRL 112.04180& Decays reconstructed as a single massive jet:
CA R=1.2 jets.

Jet pp> 280 GeV, |n| <&.1, 50 <M, . 120 GeV .
No additional jet (anti-k; 0.4) with p; > 40 GeV.

% Limits in terms of DM-nucleon

scattermg Cross sectlon

Q.I

ATLAS 203fb BTV ' +bata [l T T T T
SR: E™* > 350 Ge{\; : 2(“)*1‘*‘ , 36 - D5(u d) obs go% CL - DQ obs
~ Top /et 1077 —+ Ds(u=d):obs D9: ATLAS 7TeV j(x0)

IIIIIIlllIlIIIII
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3 /11 uncertainty
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e " T spin-dependent *
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%-N cross-section s
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A A e e e e A A e e S e e 10.42
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>
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F: //// v [ — CDMS low-energy 1 —PICASSO 2012 IceCube bb
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DI® Mono-W/Z

8 TeV, 20 fb! T O e Observed 95% CL  ap. £ . aro ey
) - N E SR: E; > 350 GeV
Mono W/ Z g 8§ Expected 95% CL !
PRL 112.041802 é 7E [ Expectedt 16
Limits in terms of o 6f  Bxpected+20
VH (H~>invisible) s st
process. g 4;_
o(VH, H~>invisible) / T3
o(VH)g, > 16@m,;=1258 ~ 2%
GeV % 1_| o, AmAs 203 fb'1| s=8Te
0920 140 160 180 200 220 240 260 280 300
my, [GeV]
-1
7+8 TeV, 4.7+13 fb Mono-Z(~211):
arXiv:1402.3244 Search for 2 leptons + ETmiSS
) g f o __Observed -
q T S T Expected ]
> L B L L L L 68% CL | B
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8 TeV,19.7 fb!

CMS-PAS-BRG-12-022

events

data/MC

events

data/MC

CMs Prel[mlnary 19.7 pb at E—B TeV

250 |- —~ data T
£ p2**>60,60, 40 GeV I Z+ets ;
L . >350GeV [ WHets ]
200 LT ]
C vy ]
F vetoe,u [1Single Top -
180 ‘+ — Vector DM 7]
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50~ 7
i :
1.5F =
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m.’ (Ge
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m

95% C.L. limit on o x Br (pb)

Mono-top

t

g

Search for mono-top final states.
Single top quark + large E;™ss, Two SRs: O and 1 b-tagged jets.
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More than 25 fb'! of LHC data (7 TeV + 8 TeV) analyzed by
ATLAS and CMS experiments.

. S
Conclusions ki

AL

729\

{

~

\f"l"—“/ /7

Very successful Run I program.

Mono-X final states are very sensitive in several searches for physics
beyond the SM.

DM, Large Extra Dimensions, SUSY, Higgs...

As of now, no significant excess wrt SM expectations has been observed
Improvement on limits on LED ADD model.

Limits on M* and WIMP-nucleon scattering cross section.

Within EFT framework: LHC DM searches competitive for low WIMP
masses.

Validity of EFT approach, use of simplified models, etc. undergoing.
Limits on Gravitino mass, stop pair production.
Stay tuned for 13-14 TeV data next year!
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DI$ LHC Data

CMS Integrated Luminosity, pp

. Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
Superb LHC performance in Run L. g s
& m— 2011, 7 TeV, 6.1 fb !
. . m— 2012, 8 TeV, 23.3 b ! 1
Rapidly accumulating large data samples! £* " *
-]
c
CMS peak interactions per crossing, pp g 15F 115
Data included from 2010-03-30 00:00 to 2012-12-16 20:50 UTC -ul
‘ o £ 10} 110
g e 2010, 7TeV 0=68.0mb e 2011, 7TeV 0=68.0mb e 2012, 8TeV 0=69.4mb 140 g
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A R Lo A R Lo o R 5e® i< £ ATLAS Online Luminosity 3
Date (UTC) '_8_ 160 E_ B Vs=8TeV, [Ldt=208 1", qu>= 20.7_5
> 140 [0 Vs=7TeV, [Ldt=521", qu>= 9.1
. . . 2 120F 3
Large luminosity - Large pileup. T E
These challenging conditions require alot of 3 s -
o = ]
work to achieve great physics performance. § - E
— — © 40 =
— 201~ =
O: | A IR NN TN T T T T \..:
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Mean Number of Interactions per Crossing

_ V collisions
13-14 Te o18!

ATLAS 2012 Z—->uu event with high pileup (25 reco vtx). coming LA 2 8
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F ATLAS
—Preliminary

rT T T T T T TTT T

N
(5.

2012,\s =8 TeV

F [LHC Delivered
[ []ATLAS Recorded

N
o

-
(ol
T

L 2011,\Ns =7 TeV

-
o

Delivered: 5.46 fb"
ecorded: 5.08 fb™!

@t pet W oct \ I
|
|

Total Integrated Luminosity [fbT]

(8]
TT

About 21(5) fb! collected by
CMS and ATLAS @ 8(7) TeV

ATLAS and CMS Experiments

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV

Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC

- N N
o o &
™ B

=
1)

tal Integrated Luminosity (fb ')
w

N LHC Delivered: 23.30 b '
[ CMS Recorded: 21.79 b '

15

10

N X N C
\\\s N P“Q \959 N o¢ \“o xoe
Date (UTC)

ATLAS cms
Inner tracker : |n| coverage 2.5 2.5
o(P;)/P; at Pt=100 GeV 3.8% 1.5%
EM calorimeter: |n| coverage 3.2 3.0
o(E)/E 10%/VE+0.7% 3%NE+0.5%
HAD calorimeter: |n| coverage 4.9 5.2
o(E)/E (EM+HAD combined) 50%/VE+3% 85%NE+7%
Muon system: |n| coverage 2.7 2.4

o(P;)/P; at Pt=1 TeV (standalone)

12% ([n|<1.5)

15-40% (depend on n range)

Both detectors had excellent performance in Run I.

More than 90% of the delivered data used for physics...
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Dig ATLAS )

Muon Detectors Tile Calorimeter

Excellent performance in Run 1! : ' i

5 \ - W\ ‘ L\ ) :
- \\\ A C LA GINRENEEAEIEEE  Liquid Argon
\ Wl b A -‘ \ v B \ o
| \\ a “"‘-;-—“_____‘___,_. 5
y 4 A v

i\ ¥

|\“ \ %
L \ U
\"’\‘ | \l\;\
3 \\A\, s

"'Ll‘ &
; \ﬁ-‘

Solenoid Magnet

Toroid Magnets Inner Detector
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Dl§ WIMP-nucleon cross section

\ A

T

Different operators contribute either N i%

. JHEP 04 (=015) 75 ) to spin-dependent or spin-independent LS
JHEP 09 (2012) 94 WIMP-nucleon cross sections

Under assumption of the validity i oM oM oM
of the EFT, LHC results are competitive >®< o >®<
to direct detector experiments P P
(mainly form, <10 GeV).

_ ATLAS \s=7TeV,47fo", 00%CL _  ATLAS Is =7 TeV, 4.7 b, 90%CL
45| — SIMPLE 2011 —— D8:q5— jm)- | 19— xenoN100 2012 D1: G- (D)
% 10%¢ Picasso 2012 D9: gd—s i(v¥ Dirac - % 31[ L= g, Dirac
SO B g, = DO O (| 210 - cowstiowenergy  —=— D5: o i)y,
5103} —— D8: CMS > iy 1 Clneory 1 §gsel - CoGeNT 2010 —— D11: 99— j(xX),,,..
8 37 i - ] [0 F o D5: CDF qa_> j(Xz)DiraC """"""" -1 Gtheory -
D107k @ 10_35 E ]
7 7 :
510 S10°77F
S 30 S10% |
1030F e i
% O e e 7 % a1l
1090k T | = 107F
R N ;
s = - ] % 10-43 L ]
§ 1074 g |- p— .
"""""""" ... Spindependent | =107} ol . ... Spinindependent
1 10 102 10° 1 10 102 10°
WIMP mass m, [ GeV ] WIMP mass m, [ GeV ]

Strong limits in spin-dependent processes.
Large sensitivity in case of spin-independent D11 (g¢g initiated).
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Light Mediators

[CMS-PAS-EXO- 12-048]

q

q

L\
N A
Yk,
\ R
9292 lﬂi%
oy 4 X)) o E
o(pp — xx + X) (2 — M2)2 +T2/4
\

Exploring the scenario with a vector-like coupling and
a light mediator with given mass and I' (width) and different DM masses.

; 3000 _I LI I 1 1 L I 1 I LA 2 T I I-
%) L CMS Preliminary -~~~ m=500GeVic, I=Mi3 ]
) L == m,=500 GeV/c", '=M/10
2‘ 2500 B /s=8TeV — m,=500 GeV/c?, I'=M/8x _]|
- - - - - m=50 GeV/c’, T=M/3 -

8 i fL dt=19.5fb -m m:_=50 GeV/c?, I'=M/10 |
.E 2000 — m,=50 GeV/c?, I'=M/8x ]
o [ j
o - i
X 1500 — o
o - i
* i FT regime ]
01010 o A A S . o1

i £ Gy x0(@r*a)

r 1 1 I I 1 | L1 1111 | 1 1 I_

For M < 100 GeV the collider bounds

1 10
Mediator Mass M [TeV/c?]

are weakened.

For M > few hundred GeV, we enter in the EFT
regime, conservative in the bounds on A
(though effective couplings become large).

3]
=]
=]
(=)

90%CLlimit on cutoff scale Ay, [GeV]
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1000} |----

5001

olie=
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m, =50GeV
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Shading: ' = 3 g
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/
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/
/ /
/

Mediator mass M [GeV]
PdJ. Fox et al., PhysRevD.85.056011

(based on ATLAS 7 TeV monqgjet data)
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Dl?g Monojet searches in ATLAS ?%%)i\
18

7 TeV, 4.7 fb! Search for new physics in events with a high-energy

jet + large missing transverse momentum.
JHEP 04 (2013) 75
( ) > E- T T T T T 3 > S LI IR L I L I B I
%10‘% ATLAS W(—)+jets CR1 § oL ATLAS Z(~up)+ets CRA
. . g 103%. a7t Dj::m;c - S_é g 2?_ Ldt=47fp" —* Data201i 3
Main bkg.: W/Z+jets &, Jrazern’ e Siop [l

. . . g \s=7TeV [z lipets E 10 i_ \s=7TeV [] z_(—> ly+jets
estimated via data-driven rof =L B oo

methods using dedicated 't

107E 107 E

control regions. 102 107 1

CRs: W(~>e/uv)+jets, Z(2ee/uw)+jetso’e, = — -, = g L T
200 400 600 800 1000 1200 0 100 200 300 400 500 600 700 800 900

E$iss [GeV] Leading muon P, [GeV]

Lepton veto, Ap(E,™s, j,)>0.5, 4 signal regions:
N (Dr>30 GeV)<3 E™ss) leading jet pp > 120, 220, 350, 500 GeV

> L B B B L > LR B LA B LR SR BRI . .

& . ATas e ] Syl ATHAS o e Madn systematic uncert.

T — ADD s-2M,=35Tev 2" E ) o E

c -1 o 3 c  E L ot ADD =2 M,=3.5TeV 3 .

2 Jraarw! o _smamigons | 8l [lase7n’ Sum o backgrounce W/Z MC modeling ~3%
(s=7 TeV [ W(— Iv)+jets 3 E [ Z(—vv)+ets 3

3 Z(— l)+jets —=
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S
T
o
I
N
3
<
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>

1 i-bosons = 1 E paisgmass [ tt + single toy E . X
S — LTS B = ST =ewm” 7 Stats. of CR (higher E,™ cuts).
______ E g e R
_._\Tf SR1 _é 102; =

= 10°E

1 Good agreement between

600 800 1000 1200 500 600 700 800 900 1000 1100 1200 ] .
P [Gev] s=evi  Observation in data and SM
SR1 SR2 SR3 SR4 .
Total Background 124000 = 4000 8800 + 400 750 £ 60 83 + 14 expectation.
Events in Data (4.7 fb™1) 124703 8631 785 7 5 5
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7 TeV, 5.0 fb?
JHEP 09 (2012) 94

Monojet searches in CMS

7~ 9
v

CMS
Z /'/
-

Search for new physics in events with a high-energy
jet + large mlssmg transverse momentum.

Main bkg.: W/ Z+jets
estimated via data-driven
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