ATLAS INCLUSIVE
SEARCHES FOR



... from Higgs to SUSY

71 Mass of the lightest MSSM Higgs boson hO must fulfill:
M(h°) < cos (2B) M,

Weakend to M(h%)< 135 GeV if radiative corrections are
included

“Aha, SUSY predicts a low mass higgs.”

Scenario might be

Higgs of 125 GeV consistent with
a) Degenerate stops - 1% and 2"¢ gen. heavy

b) Quite heavy stops - Light stop required by naturalness
- Somehow light gluino




=
Most sensitive at early LHC:

- SUSY search for squarks and gluinos

Maybe most sensitive if 1t and 2" generation
squarks are heavy due to 125 GeV Higgs:

- stop searches
- gluino searches

(maybe gaugino searches)



SUSY and the LHC : Signal

If R-Parity is conserved
then SUSY particles are
pair produced

LHC:
Due to strong force dominant ﬁ
production of squarks and gluinos (if not too heavy)

Cascade decay to lighter SUSY particles

and finally the lightest SUSY particle (LSP)

Similar conclusions /channels Mass pattern in general SUSY unknown !

For many other models Searches need to be quite general and
( Universal Exira Dimension,

ADD, LitHle Higgs, ....)

model-parameter-independent




Analysis model - control regions
-

W control

region

N S/

e QCD ~ Ansfer fun/ctiﬁns
mostly taken f
il Z control
control | :
: . region
_ feglon | region

(QCD, W, Z,
top)

- Measure number of events in control selections
- Predict number of events in signal region via a fit to control regions
- Important : Test model and transfer functions

(e.g. by alternative control regions or methods)




SUSY searches overview

Short Tt of the CONF note ﬂ S =

Monophoton JADD, WIMP] NEW
Monojet [ADD, WIMP] NEW

3 leptons + Efmiss [Direct Gauginos] NEW

2 leptons + Etmiss [Direct Gauginos/sieptons] NEW
Long-Lived Particles [R-hadron, slepton] NEW

0 lepton + jets + Etmiss [Heavy Stop] NEW

1 lepton + jets + Etmiss [Heavy Stop] NEwW

2 photons + Etmiss [GGM] NEW

2 leptons + jets + Etmiss [Medium stop] NEW

1-2 bjets + 1-2 leptons + jets + Etmiss [Light Stop] NEW
2 leptons + fets + Efmiss [Very Light stop]

3 bjets + Olepton + jets + Etmiss [Giuino med. stop/sbol
1 lepton + 3-4 jets + Etmiss

Disappearing track + jets + Etmiss JAMSB]

0 lepton + >=(2-6) jets + Etmiss

Add. ==4 leptons + Efmiss Interpretation [RPV]

Long lived Particle (Pixel-like)

»>=4 leptons + Emiss

Z-=I| + jets + Etmiss [GGM]

Add. 2 leptons + jets + Etmiss interpretation [GMSB]

oriz2mz 7 ATLAS-CONF-2012-085  Link
o722 7 47 ATLAS-CONF-2012-084  Link
072012 7 4.7 ATLAS-CONF-2012-077 ' Link
o7rR2omz2 7 47 ATLAS-CONF-2012-0786 Link
oriz2zmz 7 4.7 ATLAS-CONF-2012-075  Link
o722 | 7 4.7 ATLAS-CONF-2012-074  Link
oriz2zmz 7 4.7 ATLAS-CONF-2012-073  Link
o702 7 4.8 ATLAS-CONF-2012-072  Link
oriz2mz 7 4.7 ATLAS-CONF-2012-071  Link

ATLAS hunts now with a twofold strategy:

Broad inclusive searches with many signal

regions

Highly optimized dedicated searches for

excluswe SUSY 5|gnc1|s

012012 7 205 ATLAS-CONF-2012-001  Link (inc. HEPData)
0452012 7 1.04 ATLAS-CONF-2012-046 ' Link
12011 7 1.04 ATLAS-CONF-2071-156  Link




Example: Jets + E ™

m(gluino)

Studies are about 20 signal regions

From monojets to 9 jet events m(squark)

(jets from squark /gluino decay %
or if mass difference to LSP to low o
No jets from squark /gluino decay) Ell
o
From low MET to high MET %
(best cut depends on ratio of produced ; e —

particle mass to neutralino mass)

From high mass to low mass PLOTS NEED TO BE MADE NICE




Jets + E™ss ; Results on 2011 data

Squark-gluino-neutralino model, (i:’) =0GeV
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2009 “Best fit” cMSSM fit

pre-LHC

Exclusion reach not strongly sensitive
to sign(mu), tan beta and A,



Jets + E™ss ;: LSP mass dependence
B

Squark-gluino-neutralino model

Here e.g. dependence of limits
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Jets + E™ss ; High jet multiplicities

Swh [lacare o g ied
8 ' 0 Wittt (e s ) Consider also very high jet multiplicities
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over constrained Also before fit nice description!
-> Constrains alpgen Effective mass distribution for the
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Jets + E™s + |epton

MSUGRA/CMSSM: tan = 10, A =0, u>0 L™ =47 b
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Signal channel (eor) obs[fb]
3-jet 1.3
4-jet 1.5
soft-lepton 3.7

Comparison of expected and
observed Limits of ATLAS 2-6

, 6-9 jet analysis and this
analysis with 1-lepton

Note that these limits

are (almost)

independent and could

(in principle) be combined

In addition now 1 lepton signal region with soft lepton (6-25 GeV) to cover

SUSY decays with small mass differences
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Jets + E™s + |epton
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E.™s* + Photon + Photon
-

Signal expected from gauge mediated SUSY breaking where the
neutralino is the NLSP. If neutralino is a bino SM U(l) gauge boson

— T
ATLAS Preliminal

og® >
it decays dominantly to photon and gravitino 8 [Lt-est
o 10° ¢ —— Data 2011(Ns =7 TeV) 3
H 1 — E [ jet-jet, jat-y, 3
which is the LSP g .ol S = S
or Universal Extra Dimensions (KK-photon decays N A I —— SPS8 A=190 TeV
e, ° o 10 §_
to photon and gravition) typically leading :
1
to compressed spectra T EE T
.
10°
0 50 1nn 160 2nn 250 300
48 +02fb7"  EFT[GeV]
SRA SR B SRC
QCD 0.07=0.00+0.07 | 0.27=0.00£0.27 | 0.85=030=0.71
SR A SR B SRC Electroweak | 0.03 £0.03 001 | 0.09=0.05=0.02 | 0.80=0.16 = 0.22
Abrmin(ys ET) > 0.5 _ 0.5 Wi &) +yy <001 <001 | 0.18£0.13=0.18
Z(> ) +yy < 0,01 <001 | 027 £0.09 = 0.04
Ht > 600GeV 1100 GeV - Total 0.10 £ 0.03 = 0.07 | 0.36 = 0.05 £ 0.27 | 2.11 037 = 0.77
E ]TE"“"“ > 200GeV 100 GeV 125 GeV Observed events 0 0 2

Optimization for squark/gluinos and SRC for

imtermediate-mass gaugino pairs that dominates the SPS8

- QCD and EW by control samples,

Irreducible via MC
- Better fighting bkg. from conversions



E.m's* + Photon + Photon
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Long lived sleptons and R-hadrons
T

=1 particles can be identified and their mass
determined from speed and momentum and using

= plyb

Time of flight used to measure [3 dE/dx, to measure By

ATLAS tile and Lar calorimeter

- : : Pixel: From cluster charge measurements
have sufficient time resolution (2 ns@1GeV)

for the clusters associated with the track

to measure beta, also beta measurement

from muon det.

1. Slepton : identified as heavy muon in inner detector and muon specfrometer)
= inferpreted in model with long lived stau (GMSB)
2. Squarks and Gluinos do hadronize and form R-Hadrons, neutral or charged
states, may do charge flip on their way...
(so done with charge in inner detector only, everywhere or in muon detector only)



Long lived sleptons and R-hadrons

Combined beta

measurement
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Event selection:
A) E™ss (R-hadron gives
missing energy)

=» 3 R-Hadron signal

regions

B) muon trigger for

the slepton signals
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Background Events /40 = 40 GeV

Background from beta mismeasured muons/tracks
Background mostly from random beta sampling
(beta measurement independent from track , and signal low!)




Long lived sleptons and R-hadrons
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A) E™ss (R-hadron gives
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=» 3 R-Hadron signal
regions

B) muon trigger for :
Background from beta mismeasured muons/tracks

Background mostly from random beta sampling
(beta measurement independent from track , and signal low!)

the slepton signals




Long lived sleptons and R-hadrons
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DM production in SUSY decays

Summary of
current
limits, mostly on
the production
of Squarks and

Gluinos

=» Strong
constrains on
SUSY models

. MSUGRA/CMSSM : 1 lep +j's + E, ..
2 MSUGRA/CMSSM : 0 lep + multijets + E, ..
2 Pheno model : Olep +js + E; ..
3 Pheno model : O lep +j's + E; ...
¢ Gluinomed. % (G—qag ) 1lep+js+E, ..
g GMSB : 2 lep OSSF +E, ..
El GMSB : 14+J'5+Er'mm

GMSB : 2T+ s+ E
T .rméss

.................. g s LT S
§->bb (virtualb) O lep + 1/2 bj's + E; s,

§->bby, (virtualb) : 0 lep + 3b's +E, ..,
§—bby, (realb) : 0 lep + 3bs +E, .,
oty (virtualt): 1 lep + 112 b's + E, .,
G-ty (virtuall) : 2 lep (SS) +]s+E; .,
gty (virtualt): O lep + multi-j's +E, .

G-ty (virtualf) : 0 lep + 3b's + £, ...

S0 g
.............................. g3Miy, (realt) : Olep+3bjs+E; ..
bb,b,—by, :0lep + 2-b-jets +E; .,
_ fti(very Iight},t—)bf 2lep+E,
[ (Iighl],t—)bf_:owz lep + bjet + E
it (heavy), t—tf, - Olep + bjet + E; .,
it (heavy), t-tg, : 1lep + bjet + E, .
tt (heavy), ity < 2lep + bjet + E;
it (GMSB) | Z(—sll) + bjet + E
......................................................................................... - mias -
23 o, LTl 2lep By
o2 ,}J}"x —=v(V)=ivy (2lep+E; L
° o BUvv)ve27) 3 lep +E;
AMSB : long-lived %,
Stable g R-hadrons : Full detector
Stable b R-hadrons : Full detector
Stable t R-hadrons : Full detector
Metastable § R-hadrons - Pixel det. only
e GMSB : stable T
- RPV : high-mass ey
g Bilinear RPV : 1lep +J's + E ...
BC1RPV:dlep+E, ..
. a ............... Hyperoloi scalai glurs : 4 oIS,y -
= Spin dep. WIMP interaction : monojet + E
o Spin indep. WIMP interaction : monojet + E

................................................................................................... T.miss.

3rd gen. squarks
gluino mediated

T .miss

particles

T.miss

*Only a selection of the ava

L=4.7 1b", 7 TeV [CONF-2012

- L [ I T TTTT | [ T
g=gmass
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b mass (miz]
T mass {mﬁ?] = 45 GeV)

L=4.7 1", 7 TeV [CONF-2012-070]  120-1780GEM] t MASS  (m{i ) = 45 GeV)
L=47 16", 7 TeV [CONF-2012-074) 380-465 Tmass |
L=47 16", 7 TeV [CONF-2012-073) T
L=4.7 b, 7 TeV [CONF-2012-071)

)

230 GaV)

L=4.7 1b", 7 Tel [CONF-2012-076]
L=4.7 1b", 7 Tel [CONF-2012-076]

V_mass (i, =010, 4, ,=0.05)
ASS (o1, ., < 15mm)

g mass
L=34 ph”, 7 TeV [1110.2603] MAass  (not excluded®M = 1404 3 GaV)
M £ {m, <100 GeV, veclor D5, Dirsc )

M* scali

lm, < 100 GeV, tensor D, Dirac ) |
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1 1 L1 11
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Monojets/Monophotons

Looking for a jet
from initial state
Radiation to search
for WIMP WIMP
Events

- Signal is a
Monojet /monophoton event |

- Missing momentum distribution

Assuming coupling ATLAS monojet
searches can give bounds on
WIMP-nucleon spin dependent cross
section (assuming new mediator with
free coupling) Collider limit competitive if

WIMP couple only via D11 (gg) coupling

and for very low WIMP masses

=
]
S
=
°
©
Q
(D]
c
S
()]
n
(O]
E
o
o
>
w

T I T T T I T T T
ATLAS Preliminary

I Ldt=4.7fb"

......

(s=7 TeV O W(— )+jets

T r T 1 Tt Tt Tt 1 1 T

—e— Data 2011
........... D5 M=100GeV M.=590GeV

------- ADD §=2 M,=3.5TeV
Sum of backgrounds

) Z(—w)+ets

0 Z(— l)+jets
[ 1 + single top
3 Multijet
[ Di-bosons
[ Non collision

......

L L
600 800

1000 1200
ET™* [GeV]

[ T T T 1T III T T T T TTTT
700—ATLAS Preliminary

600

500

s=7 TeV

'
4

=
Q.
=3
>
~
—
o

Operator D11, SR4, 90CL
--. Expected limit (= 1o

exp)

— Observed limit (= 1°theory)

400F==

300

200

Lower limit on suppression
scale for each operator

................

100

—_—

10

10 10°
WIMP mass m, [GeV]




Monojets/Monophotons
m — Name Initial state Type

Looking for a jet
from initial state
Radiation to search
for WIMP WIMP
Events

- Signal is a
Monojet /monophoton event |

- Missing momentum distribution

Assuming coupling ATLAS monojet
searches can give bounds on
WIMP-nucleon spin dependent cross
section (assuming new mediator with
free coupling) Collider limit competitive if

WIMP couple only via D11 (gg) coupling

and for very low WIMP masses

Spir-independert

Operator
D1 qq scalar %){q/@q
D5 qq vector M%)? Yxayuq
: 1 - -5
D8 qq axial-vector P/nﬁ”ysquy)f q
DY qq tensor ﬁiaﬁ“’x@crpyq
D11 qg scalar ﬁ)?% as(GG,)?
_ ATLAS Prellmlnary \s=7TeV, 4.7 fb1
R= 1031 :_ — XENON100 —e D1 qq—> (JCQ‘C)D,,&lc
°, L---- CDMSII low-energy —=— Db: qg— (XX)DIrac .
S10%F . CoGeNT 2010 —— D11:99— (XX, .1
8 ss| - D5:CDF q@-(X),, -~ - »
m -

102

10°

WIMP mass m, [ GeV ]



No SUSY 2 =» Are there ways out ...

Maybe SUSY is hidden 2

Close the gaps, e.g. low mass splittings, long decay chains
Search for a initial state radiation + NOTHING =» Monojets
Or SUSY is a bit heavier 2

- For electroweak symmetry breaking not all SUSY particles have to
be close to the 1 TeV scale, light stop and heavy 15" and 2" gen.
fermions =» see talk by Xavier Portell !

- If the Higgs is around 125 GeV, usually stop heavier, also other
SUSY particles expected to be >1 TeV ?

Or SUSY looks a bit different ?

- Extend searches to non-standard SUSY scenarios




Summary
I

No signal, strong limits

I Where is SUSY hidden ¢

Are we closing all “gaps” ¢

71 Is new physics hidden in an unexpected place ¢



Monojets/ Monopho’rons

Looking for a jet

from initial state radiation
to search for WIMP WIMP
events!

- Signal is a Monojet event !
- Missing momentum
distribution as measured by

ATLAS

Assuming coupling ATLAS monojet

searches can give bounds on
WIMP-nucleon spin averaged cross
section
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Monojets/Monophotons

02 T i
90% CL, Spin Dependent

90% CL, Spin Independent
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