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Why SUSY?

SUSY has solutions to (almost) all open questions:

+» Unification with gravity (Superstring theory) known matter
» Unification of the gauge couplings

» Solution of the hierarchy problem dark

» Candidate for dark matter particle ENETGY;

SUSY relates bosons to fermions and vice versa

» No SUSY particles with same masses as SM partners found - broken
symmetry

» SUSY partners heavier than SM particles, but expected to be at least
(partly) lighter than 1TeV

Search them at the LHC!!!

ner-p»

Isabell Melzer-Pellmann 3 LC Forum, DESY/Hamburg 2012



‘Compact Muon Solenoid

LHC, ATLAS and CMS

. -
-

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16:10 UTC)
T T T

T
— Delivered 5.72 fb™'

~5.7 fb! delivered per eXpeﬂméht; l' -

Most analyses presented here based oh=- I
smaller subget of-datar - |

P 1\.‘ - /:' = ) 2+

z.ngr
-—-_‘n‘.

-

: ; i ;
20108 14106 30107 14/09 3010

B e e B e
Qo 7— ATLAS Online Luminosity Vs=7 TeV
2 C - LHC Delivered
8 =[] ATLAS Recorded
g 5: Total Delivered: 5.61 fb”'
= F  Total Recorded: 5.25 fb™
°
"D 4=
-
g 3k
£ £
S 2
e F
uuuuuu 1__
O Co e ™l 0 v v b v v v e b v
28/02 30/04 30/06 30/08 31/10
Day in 2011
- \ZANERe T o

Isabell Melzer-Pellmann 3 LC Forum, DESY/Hamburg 2012



cS, |

' Search Strategy
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Topology based searches, not optimized for
any particular SUSY model

Most searches probe tails of E;™iss distribution

Try to cover as much phase space as possible (e.g.
as low lepton p; as possible)

Estimate backgrounds from data (data-driven bkg
estimate) to minimize reliance on MC (e.g. for
detector (mis)reconstruction effects)

Exclude area in common benchmark scenarios,
e.g. cMSSM and simplified models

O leptons 1lepton OSDL SSDL =3 lep. 2y 1 v+ 1 lep.
Jets + Single Opposite  Same-sign Multi- Di-photon  Photon
EIES lepton+ sign di- di-leptons leptons +jets +lepton
(+special  jets+E{mss |eptons+ @ + jets +Emiss 7=[=, e
variables) jets+EMmiss  4E Miss

» Add b-tag requirement in order to be more

sensitive to light 37 generation squarks
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" Where we are...

» The CMS Experiment
- Hadronic searches
—> Inclusive hadronic analysis <—
» Search with many jets
» Direct sbottom production
» Leptonic searches
» Searches with photons
» RPV SUSY
» Long-lived particles

Isabell Melzer-Pellmann 34 LC Forum, DESY/Hamburg 2012 6



' Inclusive All-Hadronic Search:
. Introduction

Signature:

Many jets and large missing transverse energy
» Least model-dependent analysis
» Large backgrounds:

» Z+jets with Z-> vv (irreducible)

» W+jets and ttbar with W - |v and lost lepton or t - hadrons + v
» QCD multijet events with large missing transverse momentum due to:

» Leptonic decays of heavy flavor hadrons inside jets
» Jet energy mis-measurement
» Instrumental noise

» Non-functioning detector components

Phys. Lett. B698:196-218 (2011)
CMS PAS SUS-11-004
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Inclusive All-Hadronic Search:
Event Selection
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+ Baseline selection
+» At Ieast 3 ]ets with pJet > 50 GeV and |n| <25

v |[AD (J1 -, H m'SS)| >0.5and |[A® (? H m'SS)| > 0.3 to veto events where
H,miss is allgned in transverse plane W|th one of the 3 leading jets

+ Veto on isolated muons and electrons
» Hy > 350 GeV
» Hmiss > 200 GeV

CMS Prellmlnary L 1. 1 fb \]_ 7 TeV 3 CMS Prellmlnary L=1.11fb" \J'_ 7TeV
> L | | | | TT | T TT | T > 10 E | T | T T T I T T | T | T
8 3 —— Data Bkg expectation from MC 8 u —e— Data Bkg. expectatlon from MC:
o 10°F I W(l v)+Jets o I W(l v)+Jets
= i I Z(vv)+Jets N - B Z(vv)+Jets
> I i+ Jets L 10 E I i+ Jets — - ;
< QcD S g QCD E p— S |
5 18 : H: = 3| p!
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Inclusive All-Hadronic Search:
. Background Estimation for Z > vv

- Background estimation with y+jets :
» Strategy: v W\ IV
» Declare photon invisible to emulate neutrinos —

» Then re-calculate E;™ss for this event %\

» Correct for the photon reconstruction efficiency

and neutrino branChing ratio CMS Preliminary, L= 1.1 fb™, Vs = 7 TeV
b S e e e e i
[}

3 :
e | —s— Data y+ets -
~10° =
- B vc -
: :
: . 10 =
Crosscheck with Z->uu+jets: - -
Low statistics in signal region, - .
but comparable result in L |
baseline selection - | | E
10'1 o I i —H

| | | | | 1 |
600 800 1000 1200
H; (GeV)

CMS PAS SUS-11-004
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CMS

Inclusive All-Hadronic Search:
| QCD Background Estimation

» Most difficult background, derived here by ‘Rebalance & Smear’ method:

» Rebalance all jets to overall p; balance (=kind of ‘generator level jet’,
robust against seed jet mis-measurements and non-QCD processes)

» Smear p; of each seed jet by a factor derived from jet resolution
distribution (from simulation, and corrected for data/MC differences)

- Smearing of the jets results in artificially created E;™ss used to estimate the
real E;™ss distribution

:‘0—5 ;I T | T I T IE\dAILI | TT1T I T I I T I T ;
Jet = F—0.1<f “cked p*" > 300 GeVic ]
o qp2k— u/d/s CMS Simulation ]
2 [—g Ns=7TeV ]
'_5 - .
3| — —
S 10 3 blc £
o F
a ¥
10°E g
Jet 10°k .
07 N P PR P
Jet 0 02 04 06 08 1 12 14 16 18

reco gen
Preler

CMS PAS SUS-11-004
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Inclusive All-Hadronic Search:
Results

Method Baseline Medium High H, High H miss
H; > 350 GeV and H; > 500 GeV and H; > 800 GeV and H; > 800 GeV and
H,™miss > 200 GeV H,Miss > 350 GeV H,miss > 200 GeV Hymss > 500 GeV

Z — vv from y+jets | 376.3 £ 12.3+79.2 | 42.6 + 4.4+ 8.9 24.9 + 3.5+ 5.2 2.4+1.1 £ 0.5
tt/W — e,u+X 243.5 +19.8+300 _ o | 12.7+3.3+ 15 22.5 + 6.7+30 0.8+0.8 % 0.1

tt/W — T+ X 263 +8 + 7.4 17 £2+0.7 18 £2 0.5 0.73 £ 0.73 £ 0.04
QCD 30.9 +£35.2+166 1.3 £1.3+06 13.5 +4.1+73 0.09 +0.31+005

Total background @ 927.5 £103.1 73.9 £11.9 79.4 £12.2

Observed in data @ 986 78 70

CMS preliminary, L=1.1fb", s =7 TeV CMS preliminary, L=1.1fb", ys =7 TeV

> T ' T T R T T | LI B
8 * Data Bkg. predicted from data: : 8 * Data Bkg. predicted from data: 3
= 3 B Zvv+jets - Q B Zsvv+jets ]
Here: ? 10 Wi, +X : % 10° Witi—1, +X =
Bk 7] Il Witt—e/u+X = Bl Witt—e/u+X 3
g g 102 -5 ]
pred.” ' ' No excess observed!
from L | E
data L 3 Y7 E
-3 7, © 7/
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Hadronic Analysis:
Interpretation

» Simplified models (on-shell effective theory): intermediate step between a
complete theory and experimental signature

+ Use limited set of new hypothetical particles and decays to produce a given
topological signature

© From data in
CMS PAS SUS-11-003
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Hadronic Analysis:
Interpretation

» Simplified models (on-shell effective theory): intermediate step between a
complete theory and experimental signature

» Use limited set of new hypothetical particles and decays to produce a given
topological signature

ATLAS-CONF-2011-155

Direct decay,dg = qqqqi?i? Direct decay,dq = qqf?f? 5
;1000_.,|.,..|...‘|H.‘I ........... !102 —1000 g 10
8 - ATLAS Preliminary 3 8 - ATLAS Preliminary 3
7 900 :— 0 lepton 2011 combined ';' 900 :_ 0 lepton 2011 combined

- (2] C -
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Hadronic Analysis:
Interpretation from ATLAS

» Production of 1st and 2" generation

Jogp Sauarkgluino-neutralino mode squarks and quinos with direct two-
> S [TTTTTTATLAS Prel ~ 0
E ' : 0 lepton 2011 cE:iLT;g]ary bOdy (qLI\P} — q Xl ) Or three bOdy
‘@ 1750 L Jrae oty decays (@ — qq*%;9)
[72] —-— S. mLSP= e
£ = B, =08V » When kinematically allowed, the
R . Teemy o heavier strong sparticles may decay via
3 1250 L TR sy the lighter ones

» Planes in the squark and gluino
masses are probed with

(my,%+5 GeV) < My < 2 TeV

» All other particles masses set to 5 TeV

Ogysy = 0.01 pb]

1000

-~
.........

Tevatron, Run |

750

500

250

0

0 250 500 750 1000 1250 1500 1750 2000

gluino mass [GeV]

Note: lower limit because
mquino > I"nLSPand I”nsquark > mLSP

ATLAS-CONF-2011-155
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Where we are...

=
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» The CMS Experiment

- Hadronic searches
» Inclusive hadronic analysis

—> Search with many jets <=
» Direct sbottom production

» Leptonic searches

» Searches with photons

» Long-lived particles
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CMS

. All-Hadronic Search with 2 6 Jets:
| Introduction

» Events with larger jet multiplicities - increased sensitivity to models
predicting:

» Many-body decays
» Sequential cascade decays to many strongly interacting particles

» SUSY models that have gluinos with masses near the TeV scale and
relatively heavy squarks

» Need to carefully examine SM background with high jet multiplicities

. 4 Signal regions defined by E;Mss/v/H; > 3.5V/GeV:
» Jets have to be central (|n|<2.8) and separated from each other by

AR>0.6
Signal region 7j55 8j55 6j80 7j80
Jet pr > 55 GeV > 55 GeV > 80 GeV > 80 GeV
Number of Jets > 7 > 8 >6 > 7

ATLAS

CERN-PH-EP-2011-155,

Submitted to JHEP
Isabell Melzer-Pellmann 3 LC Forum, DESY/Hamburg 2012
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cvs | All-Hadronic Search with 2 6 Jets:
<~ Background determination

CERN-PH-EP-2011-155,

» Control regions: Multi-jet, top, Z, W ]
Submitted to JHEP

» Transfer factors to extrapolate to signal region

P e s B e B B @ TR T TR
<108 J N -1 e Data2011 (\s.=.7 Tev) ] S106L JL dt~1341" e Data2011 (\s=7TeV) 3
= , Ldt~1.3410" 1o SM Prediction 3 510 g ’ ——— Total SM Prediction 3 > 1 b_ta ed 1 et
& 1.5VGeV < MET/™r s omiremmod “g wms  comera | 21 b-tagged j
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ool ol ool vl vod ol 1
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Maeeeg
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7 Alpgen ti— ql I

Il Alpgen Z— (ee;tr)
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ATLAS ATLAS =1 Algen it 1 <> ohe Slngle

I Alpgen Z— (eeup,tt)
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E . | and [n|<2.4,

e 1< 40<m;<100 GeV

from MC (ALPGEN)
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|
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el 1 107} L
7 5 2
— T T 1
e o
E E o Tk E
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All-Hadronic Search with 2 6 Jets:
Result
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» No sign for new physics in signal regions CERN-PH-EP-2011-155,
Set exclusion limit in cMSSM Submitted to JHEP

MSUGRA/CMSSM: tanB = 10, A = 0, >0 L™ =1.34 b

o :|||| "|'"]'"""Dl"'|("'|T'V')' ; L lIlIllIllllIIllllIl T T 1T 1T 1T T
S E . -1 ° ata 2011 (\s=7Te o - ATLAS obs. CL; 95% C.L. limit -
©10° L dt~1.341fb ——— Total SM Prediction O] 550 = . : s exp. CL 95% C.L.limit
G " E - = - Multijets plus E™*° Combined P-=5 ]
0 = [ ] QCD+tt— qq (Template) « C | P T S exp. limit +16 ]
s ATLAS 1 Alpgen ti— gl 2500 - TR | mes
s10ts A|Egen w%q(ém)v S - P R L 20112234 jets plus ET™*
2 = --I Alpgen Zos v E_ ’;% CL, 95% C.L. limit E
£ el 450 | 3 .
S 5.-“‘-. ------- SUSY Point (1220,180) L) = [ |LEP2y] .
L'J102._ Signal Region 400 “up Tl [ ]P0 G tanp=3,u<0, 2.1 o .
E G 00 I corg s e 2
E > 7 jets p_> 55 GeV 350 - TUANN ‘ i
10 = T 5 - / ] -~
E g %, 3 ol
T K S N . 300 [
1;5:] H L ﬁl . ?_ 5/
= i ] 4 .
il i figl 250 % A e o
| I HHIHE C e
5§ 2F T T E | N
%15;_ + +'"|" ............................................................................................. 3 200 - AN
« 1?‘"‘5 ................... * . ; - / ¢
i - soesty 41 4 _______ O E 150 f=
06 5 4 6 8 1'0.1'2 1'4 1-6 P [ T I T T T T T T T T IO
E?'ss/\f HT (GeV”2) 500 1000 1500 2000 2500 3000 3500

m, [GeV]
No excess observed!
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' Where we are...

e TTETE SO GRS T e A

» The CMS Experiment

- Hadronic searches
» Inclusive hadronic analysis
» Search with many jets

—> Direct sbottom production <=
» Leptonic searches

» Searches with photons
» Long-lived particles
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CMS

. Direct sbottom production:
. Introduction and Selection

MSSM: left- and right-handed squarks mix proportional to mass of
corresponding SM quark = large mixing can yield one light stop and sbottom
mass eigenstate (significantly lighter than the other squarks)

Here: search for b — b3’

Selection
» At least 2 b-tagged jets with petiGet2) > 130 (50) GeV and |n| < 2.5
-~ Veto events with muons, electrons or jets with pJet > 50
» E;Miss/(E;Mss +H;) > 0.25
» 3" jet has to be separated from E;™ss by 0.2 in azimuth
» E;miss > 130 GeV

» Calculate boost-corrected contransverse mass for 2 identical particles
into 2 visible (v;) and 2 invisible particles:

My = ([ET (v)+Ep(v, )]2 B [ﬁT (v)+pr (v, )]2 )1/2 ATLAS

_ ) ) arXiv:1112.3832
Expect endpoint in mq; at (ml;1 —m ) / m; Submitted to PRL

A ]

- Define 3 signal regions: m >100, 150, 200 GeV

Isabell Melzer-Pellmann 3 LC Forum, DESY/Hamburg 2012 20
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Entries / 25 GeV

v

10*

10°

10°

10

10"

Direct sbhottom production:
Background Estimation

Main backgrounds:
. ttbar e

arXiv:1112.3832

+» W+heavy flavor with W-> vt Submitted to PRL

» Z +heavy flavor with Z>vv
Estimation from control regions

% 104 ;I T | LU I IIIIIIIIIIIIIIII | TTrTrT I LU | IIIIIIII g
SR I I R R I I UL UL I - ATLAS 3
- ATLAS e Data 2011 E © - ° Damzon .
C ] ¢ 3 -1 Z
1 / 9V} 10 E_ jL dt= 2.05 b ,\S = 7 TeV 7 SM Total _g
E jL dt= 2.05b"Ns=7TeV %% SMTotal - -~ E E
= E 0 s _ [ ] top, Weht 3
C , [ ] top, Whf = Qo - 2-lepton, 2-jet -
- 1-lepton, 2-jet . S 10%E -
E Bz . c E S
- [ ] others . - .
_ ] 10 -
j - 1 3
L o 107 E
E 1l 11 |A 114 f 7 11 I 1 1 1 1 I 11 11 I 1 1 1 | I 111 7 :
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
Mgt [GeV] mer [GeV]
1 lepton control region 2 lepton control region
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Direct sbhottom production:
Resulit

|
No excess observed! ATLAS

§ SOF RFLAS T A T T T arXiv:1112.3832
10 X . I - %4 SM Total ] -
% 40k detNZ'OSfb Ne=7TeV T oo Clop viehi - Submitted to PRL
;g 2-jet exclusive E : Bz ]
w - + [J others

30F s b T ----5:300,° 100 GeV

10F |1 -+ -
ok . i btk > 950 £ 5 2 ricnonon 5 b || —— O, Obssried it 059 6.1) ]
0 100 200 300 400100 200 _ 300 400  F T s CL, Expected Limit (95% C.L) ]
mqr [GeV] Er™ [GeV] 2 300 - e CL, Expected Limit 16 3
€ E B coF 265 16" i + 10 NLO scale unc. E
ssop- [0Sz T ATLAS =
» Exclusion limit in the sbottom-neutralino ¢ e g Jra-zosmysrrar
mass plane = "
. 150 — oM g RRRRRARD y 3
» Reference point corresponds to the E T N
MSSM scenario with m,, ., = 300 GeV ™ N
and Mpeutralino™ 100 GeV %0 o ,‘ ; E
o T S ]

1 i l 1°8 ) )
100 150 200 250 300 350 400 0
m; [Ge\?f
1
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Where we are...

» The CMS Experiment
» Hadronic searches
» Leptonic searches
—> Searches with Z + jets + EMiss
» Searches with four leptons
» RPV SUSY
» Searches with photons
- RPV SUSY
» Long-lived particles
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CMS

- Opposite Sign Di-Leptons:
. Event Selection on Z-region

- New physics expected to connect to EW sector, e.g. x,° > Z x;°

» Baseline selection

h ]

b ]

b ]

leptons
|Miep 1ep — Mz < 10(20) GeV

h ]

- Two search strategies
- E/M'ss measurement:

. E;Mss > 30 /60 /100 / 200 / 300 GeV ok

» Jet-Z balance method:

p,lertler2 > 20 GeV, |n| < 2.4 (u) and |n| < 2.5 (e)
Relative isolation : I = S(Ercay+Prtracken)/Pr®® < 0.15 for leptons
At least 2(3) jets with P > 30 GeV, |n| < 3 and AR O 4 away from

T T | | | r——— Data
104 L CMS Preliminary Z+Jets
= \s=7 TeV,JLdt =4.7b"

) B wwiwz+zz
Events with ee

Events / 2 GeV

10°E

10°E

1 1 1 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 E
60 80 100 120 140 160 180 200
Di-Electron Mass (GeV)

» At least 3 jets with Py > 30 GeV, |n| < 3 and AR=0.4 away from

leptons

. JZB = £ pes| — [p2| > 50 / 100 / 150 / 200 / 250 GeV

Isabell Melzer-Pellmann

CMS PAS SUS-11-021
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Opposite Sign Di-Leptons: o) 4
] - m L
Background Determination (Z-region) ¥ :
+» Jet-Z balance methocﬁ>
JZB = |2 p7es| - [pr|
SM + jet Signal + jet + E;Miss
—> JZB >0
—> JZB<0 ﬁ JZB > 0
» Total SM background in JZB > 0 estimated in two control regions:
2 ler o | Tuspeimnayzor| B | e U CMS prefminary 2011
%10 SF \s=7TeV, L = 191 pb"? % - DF \S:7TZV,L=1Z1 pb"]
- 10 E
SM Z+jets | | - AT =T 1| ttbar from
from 1| different
same flavor I hl || flavor
1k g i
10°100-50 0 50 100 150200250300350 10" 60 50 0 50 100 150 506 550 300 350
JZB (GeV) JZB (GeV)
JZBP = ‘ngggg — JZB'¢|+ JZB CMS PAS SUS-11-012
° CMS PAS SUS-11-017
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cMms| Opposite Sign Di-Leptons:
Results (Z-region)

CMS Preliminary, \s =7 TeV, L_=4.7fb" CMS Preliminary, \s=7TeV, L =47 fb"

CMS PAS SUS-11-021 N e

—— total bkg (y+jets)

—e— data

—— total bkg (y+jets)

-
o
w

—— total bkg (QCD) - W2/ZZ prediction

- OF prediction

10°
- WZ/ZZ prediction

- OF prediction

ee/up + =3 jets I

» E{Mss measurement:

ee/uu + =2 jets

events / 5 GeV
events / 5 GeV

First result with full 2011 data

O [ * s o
o I l 5 |
] R R ST
- [ L] S ¢
... still no excess observed! g T g e
00 50 100 150 200 250 300 350 00 50 100 150 200 250 300 350
ET™ [GeV] EMs® [GeV]
CMS Simulation, Vs =7 TeV, L _ = 4.7 fb” CMS Simulation, Vs =7 TeV, L = 4.7 fb” CMS Preliminary, Vs =7 TeV, L = 4.7 fo”
R AR e e R R RARAR Raaas Ea R R A A e
10°E ® MC observed 10*E ® MC observed = 10*E e observed 3
E.‘ —— MC predicted E ~—— MC predicted f EH. — predicted
L]

3 — 3
10 E E 10 predicted fit

;%LM MC

=

(@)

w

2 2
T

stat. uncert.

- JZB

> > >
(0] (&) [0}
(O] O] (O]
SH Y RICE % n RS I 3
; ~, SMMC | ; +'signal R ;
L K B L ® _ _
% 10 %ﬁ % 10% ﬁ%"'.'?”’o’q E % 10% wﬁi Data
*?@T{. ; ] b et 1 i RN ]
1? - T E 1; g * L PE| 1§_ B “‘—“ E
E Tﬁ ii W T *— E [ ; Ny ; I E ! ; —l 3
10" Lodog S 10 bl 101|\\|(|—‘H|_|
4 4r i o °f
(o] (o] H 9 :
= 2F 1 % 2F 15 b—
B S I
% 50 100 150 200 250 300 350 40 % 50 700 150 200 250 300 350 40C % 50 100 150 200 250 300 350 400
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Where we are...

» The CMS Experiment

» Hadronic searches

» Leptonic searches
» Searches with Z + jets + E;Miss

—> Searches with four leptons <
» RPV SUSY

» Searches with photons
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cvs. Search with four leptons:
. Introduction

4-lepton signatures can occur in R, conserving and R;, violating scenarios

-~ Reminder: R, = (—1)2S+3B+L with S: Spin, B: baryon number, L: lepton number

» Introduced to keep the proton stable
» Rp=1: SM particle
» Rp=-1:  SUSY particle
» If R-parity is conserved (RPC)
» SUSY particles produced in pairs
» Single SUSY particles cannot decay into just SM particles
» Lightest SUSY particle (LSP) absolutely stable
» If R-parity is violated (RPV)
+ More couplings:

L-number violating terms

A

/” A n o ~ 1 A - A A A
—

bilinear terms B-number violating terms

» But: some couplings have to be small in order to keep the proton stable
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Search with four leptons:
Result

- 2 signal regions
+ 4 leptons + E;™ss > 50 GeV

» 4 leptons + E;™ss > 50 GeV + veto on same-flavor opposite-sign leptons
with m;, = m, + 10 GeV

» Background from events with at least 2 prompt leptons estimated from control

regions
> s[1 | | | | | | | | ] > F LR L L
G 10E 1s=7Tev JL dt=2.06 fb' —-Data2011 3 O L 's=7TeV J.L dt = 2.06 fb" --Data2011 _|
C 7% Total SM . E #% Total SM 3
& - ATLAS Preliminary Z e ] S = ATLAS Preliminary o -
= [ Ny it
o 10%E Oitv = o N Oiv T
o g 8wz E s 10°¢ awz =
> F 3zz -1 — > = 3zz- 3
L """": """"" ummmnn 22 - other _ ] L C _. 0zz — other
10 E “ ---: -Z+jet5 —g 10 b : -Z+]etSRPV —
E | == SM + RPV 3 E - =" == SM + 3
- “==e: * = SM+DGWSL F == SM+DGwSL
1 E_ ///// . —g 1 E_ _E
E /////////// E ; ;
1075 : 4 - 3 10" E
A - — — — I s A il W E 3
0 20 40 60 80 100 120 140 160 180 200 220 0 250
ET™* [GeV] Msros [GeV]
RPV model: m,,, =400 GeV, tan 8 =22, my;=A,=0, sign(u) =1
2 ’ r Ho=Ro=Y, u
and 1..,,= 0.032'(0.048) at the GUT (EW) scale No excess observed!
RPC model: direct gauginos with sleptons: bino mass m;=100
GeV, wino mass m,=250 GeV, higgsino mass u=160 GeV and
o ATLAS-CONF-2012-001
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-~ Where we are...

» The CMS Experiment

» Hadronic searches

» Leptonic searches
» Searches with Z + jets + E;Mss
» Searches with four leptons

—>RPV SUSY <=

» Searches with photons
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vs | RPV SUSY:
| Introduction

ner«e

» Sneutrinos are expected to decay into e and u in RPV SUSY

+» Event selection
» Isolated e (|n|<1.37 or 1.52<|n|<2.47) and u (|n|<2.4) with p>25 GeV
with opposite charge

+» Backgrounds

> — T T T T T T T T T T o

s Zfy'>  ttbar, 22, § o S Tombe = wwworz

. 9 - Top  eeees V(650 GeV) =

\éVW’ tZW,' ti]l nfgli top o 102 JLdt =1.07fb" . Z/w? -t =+ Z(700 GeV) _]

» Events with ‘fake’ = =

leptons: W/Z+y, & 10 -

W/Z+jets, multijet -

events e O e E

10" | E%

10° +I e ————

% 2F + T* -

ATLAS | E
EPJC 71 (2011) 1809 0 200 400 600 800 1000 1200 1400

M, [GeV]
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RPV SUSY:
Result

No excess observed!
Set limit

LR T L T T T L T T T T T T T — 25 LA L L L L L L L
: CATLAS e meeyr om0 2 L ATLAS e ObsemedLimt
o 10'E \s=7TeV B Theory 2, = 0.10,,,, = 0.05 =3 B \s=7TeV E EXP“IEZ t'”“: 1 ]
[orm— = 3 - xpected Limit+ 16 __|
o E .[ Ldt =107 fb_1 Observed Limit E () 20 - Ld fb-1 [ Expected Limit + 26
% L N P LT D Expected Limit i T B t =1.07 .
-~ 103 L \:| Expected Limit+1c 4 N - -
% §\ - Expected Limit+2 ¢ E E 15 L -
X = = ATLAS 2010 limit 7 m B 7]
O 102E . = X C _
o F = N 10 i
© i T F O\e :
o - ]
&\) 1V N\, % 5 _—‘ 3 5
o)} = = ~ N ]
: N ° ]
1506400 600 800 1000 1200 1400 1600 1800 3000 0 ——g0 7000 7200 1400 7600 7800 2000
m, [GeV] m,, [GeV]

nNJ nNJ
+ o(pp 2 v,) X BR(v,> ew) o(pp =2Z") x BR(Z' - eu)
ATLAS

EP]JC 71 (2011) 1809
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Where we are ...

» The CMS Experiment
» Hadronic searches
» Leptonic searches
—> Searches with photons <—
- Search with di-photons
» Long-lived particles
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Searches with Di-Photons:
Results

ner-<>e

Di-photon analysis interpreted in GMSB model: Gravitino is LSP, neutralino is NLSP

Sample (CMS) E,Miss > 50 GeV E;™iss > 100 GeV
Total dicted SM 11.3+£ 1.9+ 0.8 1.5+ 0.8 £ 0.6
oral predicte No excess observed!
Data 9 0
+» 95% CL upper limits on +» 95% CL exclusion +» 95% CL exclusion
the cross section in contours in gluino- contours in gluino-
gluino-squark mass space squark mass space for neutralino mass space
for a neutralino mass of a neutralino mass of
375 GeV 375 GeV -
g !004 -~ 000 —————— = 1200G9Ml:b:no'—l|kleryleLIJtre'lllnlo,ltar:B?Z:c“tNLISP‘<(?.1‘mrIn‘ _
@ 2000 Q CMS Preliminary 7 8 1100E ATLAS CLs expected 95% CL limit E
¢ Lod ] RN D opmee e
§1500 . E 1500 ] ;bsi’md’mo 900 —e— CMS observed 95% GL limit (35 pb ) _é
' ssssmssnenn Expected, NLO 800 ) E
_ Pz
1000 1000 600 ) E
/ 500 §NLSP —
0.015 500 / // 400566400 600 800 10'0:1%['(5:\/2;00
500 1000 ;HSOTI‘\/I‘ ngg/c; 500 ' ‘ 1000 15 GV '
. e c -
ATLAS arXiv:1111.4116
CMS PAS SUS-11-009 Submitted to PLB
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Where we are...

» The CMS Experiment
» Hadronic searches

» Leptonic searches

» Searches with photons

—>Long-lived particles <=

s

nB -
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CMS

. Long-lived Particles:
| Introduction

Predicted by several theories, e.qg. split-SUSY, gauge-mediated SUSY
breaking, UED

Split-SUSY: gluino decay suppressed by large squark mass
Hadronization: long-lived gluinos bind with SM quarks/gluons (“R-hadrons”)

R-hadrons scatter via the nuclear force - exchange partons with the
detector material (e.g. gqq — gqqq) > charge-flip between electrically
neutral, singly- and doubly-charged states in detector

R-hadrons might be produced near threshold - slow (<1) - large
jonisation 9 mlght be stopped and decay late - search in empty bunches

Decay via g — 9X1 or 9 - Cqu1

Background in empty bunches:

» Cosmic-ray muons, beam-halo muons, proton-proton collisions, proton-
gas collisions, calorimeter noise

2 signal channels:
» Single-jet channel
» Multi-jet channel (due to very high-energetic R-hadrons)
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s | Long-lived Particles:
Z  Result

» Limit on R-hadrons decaying to a gluon and LSP (my,% =100 GeV) with
lifetime between 10~ to 103 seconds

> 4o I I I UL I [ I I ]
g f No excess observed!
o 12:— ATLAS e Search Sample —:
2 IR New =1 [CJBackground Sample 1 — L B e e LA e EREn e -
'g 10— \'s =7 TeV [l Beam Halo Sample ] ‘8_ [ ] Expected Limit+ 2 ¢
0 r Ldt=31pb" ....200 GeV gluino MC x 0.1 ] P i ATLAS [ Expected Limit+ 1o |
8- Gty 300 GeV gluinoMC | f== Prospino SUSY
C : ] ? i
N . ....... =+=:400 GeV gluino MC x 10 = ? Leading Jet Energy > 100 GeV = Observed Limit
C . P o 2 Njets =1 e Expected Limit
a- i a 10
e T R (T \6
A E 5
S LT T - S ; )
0L Y SR PPPTN NN IR I o~
0 50 100 150 200 250 300 350 400 450 500 g
Jet Energy [GeV]
Jet for the single jet ch | N TeY |
et energy for the single jet channel, [Cacorms
for selected events before the " o o

. . . | v -
leading jet energy requirement 200 250 300 350 400 450 500 550 600
P> 100 GeV M; (GeV)

- : 0 —
ATLAS Limit on gluino mass for my;" =100 GeV

arXiv 1201.5595
Submitted to EP]IC
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Long-lived Particles:
Result

ner-p»

» Similar results from CMS

= r T T T T T
8 [ owsPreimnay2ott  sswcr.ims - No excess observed!
ol; i f L dt = 886 pb" ———————— Expected: 10 us - 1000 s Counting Exp. 1
= 102 3 Expected +10: 10 us - 1000 s Counting Exp. 3
! E L =1.3x10% cm2s! ? o 9=e
1+ [ Expected +20: 10 us - 1000 s Counting Exp. ]
g - \s=7TeV , . — r T T T T
o Obs.: 10 us - 1000 s Counting Exp. O e o
o - i - 200 GeV/? o . & FCMS Preliminary 2011 95% C.L. Limits
M= Mo = evi/c Obs.: 10 us Timing Profile — + 4 )
X 10 F ' - OIX fL dt=88pb’ 0 -------- Expected: 10 us - 1000 s Counting Exp.
iz s ] & 10° E Expected =10: 10 us - 1000 s Counting Exp.  J
7 FLI = 1.3 x 10% cm2s"
T L Expected +26: 10 us - 1000 s Counting Exp.
()] I\s =
% - E Ns =7Tev Obs.: 10 us - 1000 s Counting Exp.
5 T S S—— ] o0 m, - m., = 100 GeV/c? Obs.: 10 us Timing Profile
x 10 F E
T B i NLO+NLL§
+ t 1\
1 L L L ) Q.
10 Q
300 350 400 450 500 550 600 5 1 3 E
2 e ]
m; [GeV/c?] SN 6
Limit on stop anti-stop mass for 10

300 350 400 450 500 550 600 650 700

my,° =100 GeV my [GeV/c?
Limit on gluino mass for my,° =100 GeV

CMS PAS EXO-11-020
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CMs. Summary CMS:
—  Interpretation with Simplified Models

» For limits on m(gluino): m(squark)>>m(gluino) and vice verso

Ranges of exclusion limits for gluinos and squarks, varying m(y")

0prod — 5NLO-QcD T1: g—qqx’ 1.1 fo !, gluino
~ 0 R
s ~o. m(g)+m(y) T2: ¢—qx [1.1 fb !, squark
M%), m(zy) = ook -

T1lbbbb: g—bbx" [1.1 fb !, gluino

PP —~55,§—~2q+LSP; m@>>m(@)

12001 Cmis Preliminary | ‘

8 F Vs=7TeVL=1.11b"

~—1000 “r
o

= gProd _ ;NLO-QCD
e gPrOd 2 NLO-QCD

’ (o) e
E_l L anes 0prod =1/3 x 0NLO-()(?IE)}.

800

)

- Tllnu: g—qqy™ [0.98 fb!, gluino

T1Lh: §—qqx31X" [0.98 fb!, gluino

| T52z: §—qqx5 |0.98 - 2.1 fb !, gluino

400;.,«_,_:“ Titttt: g —ttx) (1.1 fb! , gluino

0 200 460
Mass scales (GeV/c?)

m(x°%)=m(gluino)-200GeV  m(x®)=0
(light blue) (dark blue)

6‘: —
CL upper limit on o (pb) (CL

200]- Ao

400 600 80QA 1000 1200
m, (GeV)

S}
95%
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Summary ATLAS:

MSUGRA/CMSSM : 0-lep + 's + E s
MSUGRA/CMSSM : 1-lep + s + E 7 ics
MSUGRA/CMSSM : multijets + £

T,miss

Simpl. mod. : O-lep +j's + E

T,miss

Simpl. mod. : 0-lep +j's + E7 s

Simpl. mod. : 0-lep +j's + E7 s

Simpl. mod. : 0-lep +j's + E7 s

Simpl. mod. : O-lep +j's + E

T,miss

Simpl. mod. (§— q@%’) : 1-lep +j's + E

T,miss
Simpl. mod. : 0-lep + b-jets +|'s + E7 s

. ~ =0 i i
Simpl. mod. (G—tt%,) : 1-lep + bjets +J's + Er
Simpl. mod. (b,— b%?) 2 b-jets + Er i
Simpl. mod. (£,7, - 31%) : 2-1ep SS + Er e,
GMSB : 2-lep OS, + Er e

GGM + Simpl. model :yy + E

SUSY

T,miss
GMSB : stable T
AMSB : long-lived zf %, mass (
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Hypercolour scalar gluons : 4 jets, my=m,
RPV : high-mass eu

Bilinear RPV : 1-lep +j's + E s

T mass

LI |||| 1 1 1
q=g mass

ATLAS

Q=g mass Preliminary

gmass (for m(q) = 2m(g))
J-Ldt =(0.03-2.0) fo''

1s=7TeV

G=gmass (light%})
gmass (m(g) <2 TeV, lightX1)
gmass (m(@) <2 TeV, light 7))
gmass (m(g) <2TeV, m(i?) <200 GeV)

gmass (m() <2 TeV, m(x}) < 200 GeV)

gmass (m(z)) < 200 GeV,Am(r",7°) / Am(G. %) > 1/2)
gmass (m(b) < 600 GeV, light7,)

g mass (m(i?) <80 GeV)

b mass (m(Xy) <60 GeV)

%, mass (ight ¥, m(l) =4(m(x;) + m(x;))

g mass (corresp. to A < 35 TeV, tanp < 35)

g mass (m(bino) > 50 GeV)

0.5<1(};)<2ns)

g mass

B mass

Tmass

sgluon mass (excl: mgy < 100 GeV, mgy= 140+ 3 GeV)

V. mass (13,,=0.10, 1,,,=0.05)

=g mass (¢t gp < 15 mm)

*Only a selection of the available results leading to mass limits shown

1 10
Mass scale [TeV]

dels
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Summary

» Results from many analyses have

been presented based on 2011 data

» None of the analyses has observed any significant deviation from the

Standard Model ®
» Exclusion limits have been set
» Using cMSSM
» In simplified models  —~ 700

kS
>
O 600
S
Many more results with £ °°
full 2011 data expected
for Moriond... 400
300
200

CMS Preliminary

\s=7TeV, [Ldt=11fb"
| ] ' '

T I | T T ]

&  —2011 Limits I CDF .7, tanp=5,u<0

®  ---2010 Limits DO 2,7, tan=3,u<0 7
tanfp =10, A =0, u>0 [ LerP2 i

Jets+MHT
Razor (0.8 fb™)

3(1000)Gev]

0 200 400 600 800 1000
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| 2010

2011

2012

2013 |

2014

| 2015

2016

M3 1 AS OND I FMAM:

J A S ONDJ FMAMI J A S OND

F M AMI 3

A S OND I FMAMI I ASOND I FMAMI I ASOND I FMAM:

41 A S OND

LHC
Machine: Splice C & g
limation in IR3 2
E - detector completion i
777 - Consolidats d f d — 5
8TeV2?2 | comnoms i 13-14Tev |
Chamonix- | ooy | depending
Workshop Ib-consosaauons | on magnet
th_ k lyo collimation point l
injectors [T [ [ S Wee performance
10- 15fb-1 I- LINACA connection & ? PSB energy upgrade |
| 2016 | | 2018 | 2019 | 2020 | 2021 |
JFMAM I I ASONDIFMAMI JASONDI FMAMI JASONDIFMAMI JASONDI I FMAMI JASONDJFMAMI JASOND
LHC
8 Machine: Collimation & prepare for
g crab cavities & RF cryo system = §
% ATLAS: new pixel detect. - detect. 5 2
= for ultimate luminosity. E E
5 ALICE - Inner vertex system g £ limi
0
CMS - New Pixel. New HCAL g g pre Imlnary
Ph d s. Corr i >
Fw()muonsupgrcadp o LHC SChedUIe
LHCDb - full trigger upgrade, new
vertex detector etc.
injectors [T TP TP Povvimvie iy

» Higher energy - higher cross-sections
» Reach for higher sparticle masses

nBr=>
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' Outlook - next years...

» Higher energy > higher cross-sections
» Reach for higher sparticle masses

NLO+NLL QCD cross section

[Beenakker, Hopker, Spira, Zerwas '96; Beenakker, Brensing, MK, Laenen, Kulesza, Niessen '09]

1000 =
- e = O 3 = |
o (pp — g8/44/44/qg + X) [pb] 10 o (pp — gg/qa/qa/ag + X) [pb]
100 r Vs =TTeV; mg =mg i 10" | Vs =14TeV; mz =m; i
o L NLO+NLL 10 NLO+NLL
1
! 10- |
01 | N 1072 | N
- | - G
T 1073 | 7
001 | S qq g
G 107" - ol GG
0.001 9 10-5 | MWW g9
200 400 600 800 1000 1200 500 1000 1500 2000 2500 3000
m [GeV] m [GeV]

7 TeV > 14 TeV
o(m=500 GeV) = 20 pb > o(m=1000 GeV) = 2.5 pb
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Chas, !
' Outlook - next years...

» Experiments will continue “standard” analysis, and in addition tune analyses
to have better reach for special models,
e.g. 3" generation searches, EWkino production

Prospino2.1

10 E T T T ‘ T 177 ‘ 1T T1 T TN E
- o, [pbl: pp = SUSY
e E
a1l
2l RN
0 Ty -
- 58 -
3| | | | | | %0 | | ]
0 L1 [ [ I | L1 | | | | | |
100 200 300 400 500 600 700 800 900
m [GeV]

average

Production cross-sections

Much more interesting data to come — stay tuned...
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Thank you for listening
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CMS

Backup slides
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Opposite Sign
Interpretation

‘Compact Muon Solenoid

» Simplified model

Di-Leptons

CMS Preliminary \s =7 TeV, [Ldt=47 fb!

CMS Preliminary Vs =7 TeV, [Ldt = 4.7 fb”

S T T T T o, S AR )
[ L PP — 89, § — 2j4x, 0 > Zx, Ef ) - PP 89,9~ 24y, 1, > 2%, o
S, ool m(@ >>m(g), x = 0.5 025 O, oo M@ >>m(@), x =05 o
A [ ET'*°>100 GeV N2 [ Niets = 2 14, §
© I © I 1
£ sl Njeys = 2 o ;’ £ gl —oMo-aco 1 "é‘
MET analysis - T oap [ et 11 =
y x i x [ 1/3 x oNLO-QCD I -
" -1
600 600 ' - 31075
s a
35S
- -
4001 400 1 O
102 o
o
200 200 3
H | s ™
0 200 400 600 800 1000 1200 0 0 200 400 600 800 1000 1200 10
gluino mass [GeV] gluino mass [GeV]
CMS Preliminary, s =7 TeV, L = 4.7 fo! CMS Preliminary, s =7 TeV, L = 4.7 fo!
1200 T T T T T T T T T T T —~ 1200 T T T T T 10 —=
> L I = > - O Q
8 [ pp— G852+ 2% O'me 8 [ pp— G652 +00 = Zx, =
';' 1000'_ m(@) >>m(g), x=0.5 — -;' 1000'_ m(g) >>m(g), x=0.5 g
% i JZB > 150 GeV 008 M g [ —gho-aco o
= L ‘;’ = I ---3 x gNLo-acp e E
ox.- 800_7 < Oxv— 800_* 1/3 x gNLO-QCD f
r r =1 8
JZB analysis 600 00 | s
f - | 3
4001 400+ R
i i . 0
200~ 200~ 107
- - - u
- b el i
CMS PAS SUS-11-021 i RIE
200 400 600 800 1000 1200 200 400 600 800 1000 1200
gluino mass [GeV] gluino mass [GeV]
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CMS/. Searches with Photons:
| Introduction

In General Gauge Mediated SUSY
» Gravitino is LSP

» Neutralino is NLSP

» Neutralinos: mix of Binos, neutral Winos, and Higgsinos

» In CMS up to now: interpretation via a "Bino-like” neutralino model, with
v,! > v + G (undetected G =EMiss)

» Conserve R parity = two neutralinos = di-photon analysis

» NEW: Add simplified model where the Wino is less massive than the Bino,
resulting in a neutralino-chargino co-NLSP

» Photons not as common as in Bino-like case, but still occuring, most
frequently at lower neutralino mass = single photon analysis

Jet

Phys. Rev. Lett. 106, T B .
211802 (2011)

CMS PAS SUS-11-009

Jet

Jet )
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cms | Searches with Single Photons:

ner-<>e

o
py
o

70
60
50

=

\\\\\\

Results

95% CL upper limit in 95% CL exclusion contours in

gluino-squark mass space gluino-squark mass space
CMS preliminary J‘Ldl =1.14fb " 1y, >=3 jets, MET> 200 GeV 1y, >=3 jets, MET> 200 GeV
S a G raoZ] TGS bratinimary
?g l0'35 £ E 1222% Vs=7TeV, J.Ldr:{= 1.14 b3
é 030 g v,§1100% "‘"""““"OL“;ﬁ3:5;‘5;‘”&’ — - BinO'Iike
£ 1000 025 & Eﬂooo% ......... Bemected, NLO E

0200 900 / oo R
;E: aoo/ )

o

40I?OO 600 800 1000 1200 1400 1600 1800 2000
2
M quark (GeVic©)

0.10
0.05
400 LT .

M
500 1000 1500 2000

2
Msquark (GeV/C )
CMS preliminary _[Ldt =1.14fb " 1y, >=3 jets, MET> 200 GeV 1y, >=3 jets, MET> 200 GeV
‘(’: ] o 1300F ‘cms k’relinliinaryI l =
E g E 1200 fs=7TeV, JLdt =114 1"
T d T 1100E wino-like, m_, = 375 (GeVicY) 3 . .
3 g ES Observed, NLO ] - W| nO—I | ke
£ 1000 % € 1000F e Expected, NLO 3
- +10, NLO E
3 900 3
3 800F 3
o E
=) 700 — E
g 7 2
s 600 /
[%2]
o} 500 %
oo, TRV 409 4 i
500 1000 1500 2000 00 600 800 1000 1200 1400 1600 1800 2000

Mg (GeV/ic?)

Mo (GEVIE") CMS PAS SUS-11-009
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- Length ~40 m
- Diameter ~25 m
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Muon
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the detector
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- Length ~21.5 m

- Diameter ~15 m

- Weight ~12500 t |
o ' 7))

Pixel
Tracker
ECAL
HCAL
Muons

Muon
Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)

Silicon
Tracker

Electromagnetic
), " Calorimeter
v

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed
Transverse slice with Muon chambers
through CMS
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‘Compact Muon Solenoid

a4
+ E;M'ss measurement:
EF' 100 — 200 GeV  EF™ 200 — 300 GeV  EF™ > 300 GeV

Z bkg 33 4+ 12 1.9 £ 0.8 0.4 +0.3

OF bkg 215 4+ 20 10 £ 3.0 1.6 £ 0.6

VZ bkg 27 + 14 4.0 £ 2.0 1.1 £ 0.7
total bkg 276 + 27 16 + 3.0 3.1 £1.0
data 276 (134,142) 14 (8,6) 0

Opposite Sign Di-Leptons:
Results (Z-region)

CMS Preliminary, \s =7 TeV, L_=4.7fb"
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» Jet-Z balance method: oo 20
TE [Gev] EP' [GeV]
CMS Simulation, Vs = 7 TeV, L‘m =4.71fb" CMS Simulation, /s =7 TeV, Lm' =4.71" CMS Preliminary, Vs =7 TeV, Lm =4.71"
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) o f [ \
§ 1% $  SM MC R
Ok e i Oyl e MCS _ ol stat. uncert. ] JZB > 50GeV 100 GeV. 150 GeV 200 GeV’ 250 GV’
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2 F % 2 r + 519 na I 2 ) Data 1 flavorsymmetric  311+£10+45 SI45+£12 19433 TH2HE1 20408403
Q 10 ’;, E Q 10 L ve E Q 10f f E total bkg 408+ 1659 89+ 6G+12 24343 84241 2.0+£08+0.3
© r ?ﬁs? 3 O ~Z’SS,'. . b © ot ? T f E data 408 (203,205) 88 (52,36) 21 (13,8) 5 (3,2) 3 (2,1)
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cMs | Inclusive All-Hadronic Search:
. W and Top Background Estimation

ner«-<p»

CMS Simulation, \/s = 7 TeV

Lost Lepton Background Estimation

>
. L e  MC expectation
e/wx  + Muon control sample with My < 100 GeV g
X with M=v(2p* E;™ss (1-cos ¢)) used to "
v model: @
. Non-isolated (but identified) leptons
» Non-identified leptons (ratio id/non-id .
taken from Monte Carlo)
CMS Simulation, L=1.1f5", Vs =7 TeV S 102
> AN L L BN L B BN B 9
8 —— Data-driven Prediction from MC] & 2 » DY 7 7
o T _ ] Q IR AT
5 10 Hadronic Tau MC Expectation 3 ] ] °400 600 800 1000 1200 1400 1600 1800 2000
5 | 1 T Background Estimation Hr (GeV)
Yooy E » Determined with a muon
F ] control sample
0F E » Substitute u with t jet using
L e response template to model
ﬁ the fraction of visible
Lo, HE momentum
s oF { - Recalculate all quantities
Zé - '-1 0 260 40IO 660 S(I)O 10I00 12I00 14IOO Iike HT

H; (GeV)

CMS PAS SUS-11-004
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CMS

Searches with Photons:
' Event Selection

- Di-photon analysis:

At least 2 photons in barrel with p;1 > 45 GeV, py? > 30 GeV
At least 1 jet with p; > 30 GeV, |n|<2.6

Loose signal region: E;™ss > 50 GeV

Tight signal region: E;™ss > 100 GeV

A

A

b ]

b ]

- Single photon analysis:
» Exactly 1 photon in barrel with p;* > 75 GeV (due to trigger constraint)
» H; > 400 GeV (also from trigger)
- At least 3 jets with pr > 30 GeV, |n|<2.6
» E;Miss > 200 GeV

CMS PAS SUS-11-009
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CMS

. Searches with Di-Photons:
. Background Determination

- QCD background (no true E;Miss)

» Mis-measurement of E;™ss in QCD processes and/or photon mis-
identification:

» Direct di-photon production
» y+jets and multijets, with jets mimicking photons
» Background determined from samples with 2 fake y or 2 electrons

ner«-<p»

L B L L B
. Electroweak background with true E miss 2 - e dRoqurement
. Background from events with real or - — oo

fake photon and W - ve (where e is
misidentified as v)

-
IR LA RSN RN

CMS Preliminary \[s=7 TeV, J Ldt=1.14 fb'1__

7] Total Background Uncertainty =

—— GGM yy (720_640_375)
— GGM yy (800_960_375)

| L

Number of Events / GeV
=)
)

—
<

» Fake rate determination

—
o
N}

SNt SOt e atel Srateteten

3

» Measure rate of events in Z region in ey
and ee sample:

fe—, = 0.014 £ 0.0004 (stat.) + 0.002 (syst.)

1 L L hd L L ' I 1 1 I L 1 1 | 1
0 20 40 60 80 100 120 140

; [GeV]
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cvs | Searches with Single Photons: A
- [ | L
Background Determination ) A
» Background determination similar to di-photon case
» Additional backgrounds: initial state radiation (ISR) and final state radiation
(FSR) of photons:
» ISR and FSR in events with electrons in final state covered by EW
background prediction from data
» Remaining contributions from SM process are very small — taken from
Monte Carlo simulation with a systematic uncertainty of 100%.
2 . ey | [(Sample E‘Ee?ttgielfil .
o ? = - . Sﬁiof dat E Stat. Syst.
@oaory R peotm@ 1 Data 7
B | 035_ e o) ] QCD (est. from data) 5.16 | £2.58 | +0.62
o ?',‘ —— Signal(rsorio007s) EWK e — v (est. from data) 1.22 | £0.13 | +0.04
e 102;‘ _— orelasaTooRER FSR/ISR (W — u/tv,Z — vv)(Sim.) | 0.80 | +0.31 | =+0.80
3 10— 1 | | FSR/ISR (tt — p/7v + X) (Sim.) 0.07 | +£0.05 | +0.07
15 Total SM background estimate 724 | +£26 | £1.53
10-% | |
&2 | No excess observed!
3 tesa s \ % | \ |
200 400 600 800 1000
E; [GeV] CMS PAS SUS-11-009

Isabell Melzer-Pellmann

3 LC Forum, DESY/Hamburg 2012

56




Inclusive All-Hadronic Search:
Exclusion Plot

Observed and expected 95% CL exclusion limit in the CMSSM my-m, , plane
using the signal cross sections calculated at NLO

Contours are the combination of the different selections, such that the
shown contours are the envelope with respect to best sensitivity

CMS Preliminary
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