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LHC and ATLAS/CMS
Introduction/Motivation

Mono-jets

Mono-photons

"Particles, particles, particles."
Mono-W/Z P P
The results are put in terms of searches for

* Dark Matter

Final notes * Large Extra Dimensions
* Supersymmetry
* Invisible Higgs



LHC Performance (2010-2012)

Spectacular LHC performance

(rapid increase of data samples)
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LHC ended pp run at 7+8 TeV

after delivering more than 28 fb!
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.. rapid increase of pile-up conditions
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Search for Dark Matter




Evidence for Dark Matter

The rotation of the stars around the | y e
center of the galaxies is not consistent & _Grdvitational Lensing
with the amount of mass observed ' ‘ °* "

(L/M ratio)
Spherical dark matter halo
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Planck (20 March 2013)
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Dark Matter Candidates

Neutrinos ? (€2 h?<0.0067 @ 95%CL)
Sterile Neutrinos

Axions
SUSY particles

= UCH R ETIHERO General requirements

— Sneutrinos

— Gravitinos e Electrically Neutral (“dark”)

— Axinos e Stable (lifetime larger than age of the Universe)
KK states (UED) e Massive and Weakly interacting (2.p,,h* ~ 0.1)
Wimpzillas

......... - WIMPS

Note: No reason DM should be made out
11/11/13 of a single component (neutrinos exist)




WIMP Pair Production
at Hadron Colliders

At colliders (LHC) WIMPs can be produced in pairs q
leading to “nothing to detect” in the final state

Such events are tagged via the presence of X
an energetic jet or a photon (or a W/Z) from initial state radiation
. q X
—>Mono-jet, Mono-photon, Mono-W/Z
QMS _
=4 f
X
f X

Rather spectacular and distinctive signature to search for new physics
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E.Miss 5 200 GeV 1 1GeV. m= (G S > 250 > 300 >350 > 400
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p;(j1) > 110 GeV Z(v)+ets 5106 £ 271 1908 + 143 900 £94 433 £ 62
) S V) < Wjets 2632 +237 816 + 83 312+35 135 +17
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q = Single t 1024102 27427 1.1+11 04+04
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Lepton vetoes Total SM 7842 + 367 2757 £ 167 1225+ 101 573+ 65
Data 7584 2774 1142 522
Expected upper limit non-SM 779 325 200 118
Good agreement with SM Observed upper limit non-SM 600 368 158 95
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Data driven estimation of the dominant
Z+jets and W+jets background using control regions
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. W — pv+jets 11100 £ 600 704 £+ 60 55 + 6 611
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N;e.(P; > 30 GeV) <3 Multijets 1100 + 900 64 + 64 gt -
Non-coll. Background 575 + 83 25 + 13 - -
) Z[y* — TT+jets 421 £ 25 15 +£2 2+1 -
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Good agreement with SM




EﬁECtive Theory J. Goodman et al.,

Phys.Rev.D82:116010,2010
(model independent approach)

Effective Lagrangian approach (contact interaction)
with parameters M. (A) and m,

M.2~MY/gg, [M>2m , gg,<(n)’] ¢ f
assuming the interaction is mediated
by a heavy particle with mass M and Y X
couplings g, and g,
: : q X f X
Different operators are considered
with different structures and here
will be taken as Dirac fermions Name | Initial state Type Operator
D1 qq scalar %%)Zx(jq
Important note: L ooomon
Not clear whether the effective approach D5 4 vector MzXT XTI Tpd
und?r- or.over-e‘sn'mates the cross | DS " axial-vector -, X7AY XYY
sections since this depends on the details *
of the unknown UV limit of the theory D9 qq tensor N}g X XG0 g
1 - 2
Strictly speaking theory only applicable D11 99 scalar s xxes(Gry)

when M is much larger than the energy
scale present in the reaction [Q? << (47t M.)?, m, < 21tM.. ]
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Limits on WIMP production

Suppression scale M, [GeV]

Suppression scale M, [GeV]
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Different operators contrlbute either

to spin-dependent or spin-independent
WIMP-nucleon cross sections
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Very strong limits for SD processes

WIMP-nucleon cross section
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Within the assumption of the validity

of the effective theory the LHC results

are competitive to direct detector experiments
(particularly relevant atm, <10 GeV)

Large sensitivity in case of D11 (gg initiated)



Mono-photons 7 TeV

-1
Phys. Rev. Lett.108 261803 (2012) 5 fb

> P [P0 I e B s 7 Background dominated by the
[0 CMS, \r =7 TeV * DATA .
S 10 Tzoytil uncertaintyon Bkg irreducible Zy (2 vvy) contflbunan followed
% G W 1 by photon fakes and non- -collision background,
TR 7 R ] L"'Jr'is;tz'fvf,‘v’c"’ = plus other small contributions
L : S T — Beam Halo ]
108 i SRS 4o QCD-jet fakes data driven using
10_2; g | EM-enriched sample with loose photon
| 3 requirements
10°E ... eTimedistribution of the calorimeter
energy deposit used to estimate non-collision
0 f T 4 background
U200 300 400 S0 600 700 Source Estimate
£, [GeV] Jet Mimics Photon 11.2+28
P,y >145 GeV, || < 1.44, isolated Beam Halo 11.1 £ 5.6
E,miss > 130 GeV Electron Mimics Photon 3515
Veto on leptons, isolated tracks, jets Wy 30=1.0
y+et 05+ 0.2
YY 0.6 =0.3
Z(vir)y 453 £ 6.9
Good agreement with SM Total Background 75.1 %95
Total Observed Candidates 73




Mono-photons ., .., | 0) |

Phys. Rev. Lett 110, 011802 (2013) 4.6 fb-1 | P/ GALAS

Nepr«=p

\\ /

o3 Background dominated by Z/W+y followed

Events / GeV

—o— Data 2011 s =7 TeV) - . . . . .
102 ATLAS ESV(/_Z’WM - by contributions with jets faking photons plus
+ - . .
| -W/Z+jyet 3 other small contributions
Ldt=4.6fo I top, y+jet, multi-jet, diboson iy
10 i Toalbacgond E 3 Frs [Lasm
—— . M_=1.0 TeV, n= : ] . 3 =N ]
P L——ﬁ ----- WIMP, D5, nf=10 GeV, M*=4OOGeV ’ .Z/W'I'Y COntrlbUthnS from MC § 1 %?{ﬁ;}'?:ék;léti;]j;t,dibosoné
1 1o . 3 normalized in control regions
1 (v+ u + E,™ss control sample
107 e - (y+u +E, ple)
o P77 ejet and electron fakes S R
= fully data driven OXxAxe< 6.8 fb @ 95% CL
3 _
10 co e lbeees - Background source Prediction + (stat.) %+ (syst.)
150 200 250 300 350 400 450 500 — — 93 g T
P,y >150 GeV, |nY| < 2.37, isolated Z/y" (= £77) £y 0.4 +£02  £01
£ miss > 150 GeV W(—= )+~ 24 +5 + 2
t € W/Z + jets 18 — +6
N/t <2 (p;>30 GeV) | Top 0.07 +0.07  +0.01
A¢ (y, E;™ss) >0.4, A (jet, E;™) >0.4 WW,WZ,ZZ,~v 0.3 +0.1 +0.1
Veto on leptons v+jets and multi-jet 1.0 — + 0.5
Total background 137 + 18 + 9

Good agreement with SM Events in data (4.6 fb~") 116




A WIMPS
T
IL\ (monojets & monophotons)
S Phys. Rev. Lett 110, 011802 (2013)
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43F i g, .=
10 7 F AEF e ERE
. ATLAS \s=7 TeV,f Ldt = 4.6 fb - 1 %
10 Bl Ll LYl Ll II| L 11 IIIII| L "f"l"l"l"l'l"l'lm L 11 IIIII|§ E
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7 TeV //
5 fb-1|

Not enough sensitivity yet
to exclude/confirm the
CoGeNT/DAMA (*)

excess at mx”10 GeV

in case the of D1/D5 models

Rather strong limits from LHC (dominated by monojets)
For m, <100 GeV : WIMPS-nucleon cross sections above
3 x10%° cm? (103° cm?) are excluded for spin —dependent (spin-independent) operators

(*) not confirmed by Xenon100 and LUX results

DAMA
(no channeling)
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in the 7 TeV analysis

E,mss > 120, 220, 350, 500 GeV
p;(j1) > 120, 220, 350, 500 GeV
N;e:(Pr > 30 GeV) <3

A¢ (E;'ss, j2) > 0.5

Lepton vetoes

Good agreement with SM predictions
(suffered from lack of MC statistics)
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Mono-jets
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CMS-PAS-EXO-12-048 Mon Q-j ets

Compact Muon Solenoid
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200 300 400 500 600 700 800 900 1000 X _ ------ 95% CL Expected limits
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: Bg r [ Jt2o 1
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Same strategy as E,™** > 200 GeV : :
in the 7 TeV analysis p;(j1) > 110 GeV ! .
N;..(P; > 30 GeV) <3
1. Jet1 P; > 110 GeV/c
Good agreement Wlth 1 F 2. NJet(P_>30 GeV/c) < 2
. . B 3. A¢(Jet1, Jet2) <25
SM pred ictions A(I) (j 1,] 2) < 2. 5 - 4. Isolated electron, muon (P_ > 10 GeV/c) veto
- 5. Tau (PT > 20 GeV/c) veto
Lepton vetoes ' ' ' ' ' ' ' |

250 300 350 400 450 500 550
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90% CL Limits
on suppression scale

T T T TTTT T

1000

A [GeV]
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. CMS Preliminary
s =8 TeV

- J.L dt=19.5fb"

— CMS 2012 Vector

300 — CMS 2011 Vector
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102
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1000
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_ CMS Preliminary |
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— CMS 2012 Axial Vector

- —CMS 2011 Axial Vector .

Spin Dependent
I l | | | II l | L1 1 11 ll Il l | |
1 10 102 10°
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8 TeV data improves previous limits on A (M.) by about 150 GeV
(approaching the 1 TeV scale)
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For m, ~ 10 GeV the experiment excludes:
WIMP-nucleon x-section > 1.2 x10-3° ¢cm?
WIMP-nucleon x-section > 1.1 x10%* cm?
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CMS-PAS-EXO-12-048

Light Mediator
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For M > few x 100 GeV the EFT is adequate and
somehow conservative in the bounds on A

ﬁ (note however the effective couplings become large)

For M < 100 GeV the collider bounds are weakened
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Mono-W (90% CL limits)

CMS-PAS-EXO-13-004 cross section enhancement when
interference is constructive : £ =-1
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In the case of Sl interactions and € = -1, 0 the mono-W limits compete with mono-jets




ATLAS-CONF-2013-073
M O n O'W/Z http://arxiv.org/abs/1309.4017
Based on the W/Z hadronic decay products

reconstructed as subjets from CA R=1.2 jets
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Extra dimensions
Mono-jets and mono-photons
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Search for SUSY

Very light gravitino (GMSB)
Stop in compressed scenario



Monojet analysis

ATLAS-CONF-2012-147 Interpreted in terms of GMSB
0 fb! gravitino+squark/gluino production
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Very light stop

A o1y Stop Production ‘¢
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Invisible Higgs
Mono-W/Z
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8 TeV M oOho- W /z (9 ) ATLAS-CONF-2013-073
20 fb! ¥

Mono-W/Z result interpreted
In terms of VH (H-> inv.) process
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CMS-PAS-HIG-13-028
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Final Notes

Very successful LHC operations during the last 3
years : more than 26 fb-1 of data on tape for
ATLAS/CMS (7 TeV & 8 TeV)

Mono-X final states demonstrated to be rather
sensitive channels in several searches for physics
beyond SM including

— Dark Matter, Extra Dimensions, SUSY, Higgs...

"Just checking."

..and more data bring new things

Within the effective lagrangian framework and maybe a direct access to DM

the LHC DM searches are rather competitive for
low WIMP masses

— The validity of the EFT approach, the proper
comparison with the results from direct detection
experiments, the use of simplified models with light
mediators, and the Higgs portal, are hot topics in an
active field.

f X

Searches continue with the full 2012 dataset but
a new discovery might eventually require more Té
energy and more data (coming in 2015)



Final Notes

More energy and more data !

El LHC will almost double
the centre-of-mass energy
in 2015

8 TeV = 13 TeV

I
ratios of LHC parton luminosities: 13 TeV /8 TeV / ‘;-I’
[

We expect a significant data sample /i
already in 2015 (10-30 fb1..my guess) ——gg -

luminosity ratio

MSTW2008NLO
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WIMP-WIMP annihilation
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Recent LUX results
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Data/ MC

CMS-PAS-EXO-12-048 Howard Georgi,
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