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UH
Supersymmetry idi

* New (last possible) symmetry between fermions and bosons
« Each SM particle gets identical SUSY partner (except for spin: +72)
« Many attractive properties! But: No SUSY particle discovered so far!
— SUSY is broken (typical masses < ~1 TeV to keep attractive features)
« New conserved quantum number R parity: R = (—1)3B-L+25
— SUSY particles are only produced in pairs or associated
— Lightest SUSY particle (LSP) is stable - DM candidate

Standard-Teilchen SUSY—Te:IcheV—\

Higgsino X]. 2 3 4
V. Neutrallnos

':

?

@%

a

~+
\/r X1 2
Charginos

Quarks 0 Leptonen ° Kraftteilchen Squarks . Sleptonen Q SUSY-Kraftteilchen

25th July 11 SUSY Searches at CMS



Supersymmetry

* Fine tuning problem

- Radiative corrections to Higgs mass of order A -------.}iiQ}}i -------
(energy scale up to which SM is valid) i, 1,
- M at ~100 GeV requires accidental cancellations i
« SUSY contributions = - SM contributions ?LL/?LJ
 Similar arguments to explain hierarchy problem :‘ ;
» Gauge unification Hy _Neo M
h?

* New particle content changes running of couplings

: _ _ g g SUSY
* Graviton (s = 2) « g/W/Zly (s=1) 60 - i,
DM candidate |
40 |
* In many scenarios the neutralino L
or the gravitino is a perfect candidate 20 |
- “Natural” radiative EW symmery gt
breaking -
0 o 10 15 0 5 10 15
log,,(Q/GeV) log,,(Q/GeV)
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Stopped HSCP

Counting experlment and time- proflle analy3|s are performed

214 12 1&0 BEmelnj

: Elntlr'llslzzlalqﬂsm : —_ B
1.4 Yr OMS Data, fils 1711-1685 | O 2 | ©MS Preliminary 2011 95% C.L. Limits:
e Signal PDF (x =1us) 4 —~ 10°F i --- Expected: Counting Exp. 7
i L N ?6"3 - fl' .= R6G pY Expected = 1o: Counting Exp.
= - = L™ = 1.3 x 10% em2g? Expected +20: Counting Exp.
C 1 LH C FI ” 7] !L : II i e — Observed: Counting Exp. f
1 - & o VE= T Tay - - Observed: Counting Exp. (EM only)
u 1 m 10 , m-me. = 100 GeVic® — Qbserved: Timing Profile |
a8 1 = W F
0.8f 1 & i
)] | " ;
0.6 — 1 L N NLO+NLL (m_ =500 GeV/c?) _*
r A = I = i S
L 4 & A
0.4f 15 1t L/— :
u.z%\ —:
__I Il 1 L 1 ‘:?:l‘-l 1 L I L 1 1 | 1 lﬁ"“"l 1 1 L I L L |: . . 3 ; J 2 . : . : > I" = I_ 2
% 500 1000 1500 2000 2500 3000 3500 107 10° 10° 10* 10° 102 10" 1 10 10® 10° 10* 10° 10°
BX T [8]
Lifetime L.sr(pb™") ||| Expected Bg | Observed
75 ns 4.3 0.11 £ 0.05
1 us 139 s T o ol :
10 us 352 10.1 + 4.1
30 us-10° s 360 104+ 4.2
10* s 268 104+ 4.2
10° s 65 104 + 4.2
10° s 7.5 10.4 £ 4.2

Jie Chen

25th July "11 SUSY Searches at CMS 5




Stopped HSCP

| CMS Preliminary 2011 95% C.L. Limits

. . - [ Ldt=886pb’ NLOSNLLE
G Iu Ino 102 :—-l'_-“r*'::' —1.3x10% emgg? T Cbs.: 10 us - 1000 s Counting Exp. (G} a
- 3 S Obs.: 10 us Timing Profile &)
I““'Igluinnzm - Mneutraiino > 100 GeV, Br(gluino Salni oL

[ m. - m.. = 100 GeV/c?
m. - m, . = 200 GeVic’

== Dbs.:10us- 1000 s Counting Exp. {D)

— g + neutralino) =100%, my,,i,, < 601
GeV are excluded @95% C.L. for
lifetimes from 10 us to 1000 s

« Stop < NEW Addition
— For Mstop B MHEUITH“HD > 2_00 GeV,
Br(Stop - top + nBUtralan) =1 000/0’ -300 Séﬂ 4:5!0 450 SI:IID 5.‘;10 GEEIO 650 70(
Mgop < 337 GeV are excluded @95% Myscp [GEV/C?]

C.L. for lifetimes from 10 us to 1000 s
« Substantially extends our previous
duino limit (PRL 106 (2011) 011801) of
370 GeV

* 95% C.L. limits are also set for cross-
section X BR X stopping efficiency to
be interaction model independent

R Obs.: 10 s Timing Prafile i

10}

Stopped HSCP Cross Section x BR [pb]

- - — T —y - r — -

CMS Preliminary 2011

10 f Ldt=886pb- 95% C.L. Limits:

— Gluino : m=500 GeV/c’, m =400 GeV/c®

— Stop : m=300 GeV/c®, m..=100 GeVic®
I X

s =13 x 10 cm?s”

Vs =7 TeV

107

Model Independent Cross-section [pb]

107 10® 10° 10 10° 102 10" 1 10 10° 10° 10* 10° 10°

Jie Chen Frece
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Slowly Moving HSCP "

e Data-driven way to estimate background utilizing the non-

correlation between I__, and §-1and p+

e Mass prediction made from pseudo-exp, using p, I;, and -1 PDF
obtained from non-signal region

e Counting experiment in mass wmdow [Mreco— 20Mreco » 2 TEV] IS
performed with optimized I__, - and p; selection to get the best
expected limit for each model mass pomt con5|dered

S Brefiminary Y& = 7 Tow 100 CMS Brefiminary Y& oV 1091pk

m%} E‘ S TFINH'B‘"' Grily -%} h ! Trlach&r-rTCIlF
[iF} L4 &
(_:J-1 04 g # Data E:}‘I |::| L # Dala
% - & II Data-pased prediction . ? II Data-based prediction -
—EE‘I [:]‘i = :I MC - Glulng [M=600 Gevic®) 3 %103 = 4 :I MC - Stau (M=156 GeVic®) 3
S F - g F g
= =
107} : 102 * -
10¢ . 10k -
| T; _ |
TR ly 1]
107"} Jj ¥, N 1 107"k Aaay =
2 ‘. ‘ - ;
.IU-? oy ’_I—‘ o '—| 10-:} f.
] 0 500 1000 1000
Jie Chen Mass (GeV/c?) Mass (GeV/c?)
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Slowly Moving HSCP "

959% C.L. mass limits are set for

* Cloud model interaction scenario
— Gluino (10% ~gg): 899 GeV, Gluino (50% ~gg): 839 GeV
— Stop: 620 GeV  GMSB Stau:293 GeV < NEW Addition
« Charge suppression interaction scenario
— Gluino(10% ~gg): 808 GeV, Stop: 515 GeV

Significant improvement over our previous gluino limit (JHEP 03 (2011) 024)
of 311 GeV

liminary  %e =7 Tew 1091 pp liminary  %We =7 TeW 1091 pb

—
=1 = C '
— " Theoretical Prediction i ~ Theomtical Prediction Tk + TOF
= =M gluing; 5% o] . o
10L gluing {HLO+NLL) ing: 145 10 - gluina {HLO+NLL) gluino; 50% Eg |
stag [HLO+MLL) —fr— gluing 10 gn; ch auppe £ c----- stop [MLOHMLL) —— gluino; 10% gg 3
—— -
——— GMSE stau (LO) ": —— GMSBstau (LO) —=— stop
—_— = ) G
—8— cusa B —a— GMSB stau

e 1 ..I 'a 1 1 1 ... 1 1 1 1 ) B 1 1 1
10° 500 1000 10 500 roes 1200,
. Mass (GeV/c®) ass (GeV/c”
Jie Chen
25th July "11 SUSY Searches at CMS 8




] UH
“Conventional” Searches iti

* R parity conserving SUSY models + neutralino LSP
— Signature:

* High energetic jets
* Possibly, one or more high energetic leptons
e Large amounts of MET
 The tails of some distributions are difficult to simulate
 Lepton isolation

* MET from detector effects

— Do not rely on Monte Carlo simulation only, but perform data
driven background estimates

25th July 11 SUSY Searches at CMS



Two data driven methods used in this search:

25th July 11

a) Lepton spectrum method {pT(H)) [V. Pavlunin, PRD 81, 035005 (2010)

This method relies on the pT(H ) distribution to get p, (V)
In SM, the neutrino and the lepton p_ are anti-correlated in an given event

- Overall spectra are similar

Corrections are needed to account for cuts on MET, polarization effects due to Ws. Both of these are well modeled in MC.

CMS Preliminary s =7 TeV, |-L|:lt =0.981b™ CMS Preliminary Vs =7 TeV, [Ldt =0.98 fb™
- — : — . 102 — — . : .
@ o "_ Events with é:em.t ey - zgzmdmh:: l g B Events with eajyuen I I — ﬁ E::;:::
Y E Mr > 300 Qe || % data predicted | = Hy> 000 Qa¥ ¥ data predicted
i . ] data observed w B data abserved
g 03
o = | 7
2 g |
e High MET £ - [High H_ Y .
10k Signal region i B Signal region i
o2 L | I I A I RN T A ot L L | A A
1 i} 50 100 1560 200 250 200 RE-CI 400 1 a &0 100 180 200 25O 300 FI=0 400
EF"° (GeV) ET - (GeV)
high ET"* signal region high Hy signal region
observed yield 8 4
MC prediction 7.3 +£22 71 +22

ABCD’ rrediction | 4.0+ 1.0 qtat} + D 8 (syst 45 = 1.6 (stat) £+ 0.9 (syst

The observation is consistent with the prediction

Sanjay Padhi
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UH
OS Di-Leptons (with 2) iti

Search for SUSY in Z + Jets + MET final state (e.g x°, - Z ')
@ Two isolated leptons (e, pu): p_> 20 GeV
@ At least 3 jets with p_ > 30 and |n| < 3.0, MET > 30 GeV

» Require same-flavor pairs in Z mass window |m, - Z| < 20 GeV

Backgrounds:
= |milT) - 91]<20 GeV && nlats = 2
. m T T T T T T I T L T I T T T T T T T
- Z + Jets + instrumental MET I=tha! y CMS MC simulation |
. E"J | . Ve=7TeV. L = 34 pb]
- OSSF dileptons from tthar o | ]
| [ ZJets
[ ttbar

[ signal x 20

(Predict using OSOF subtraction method) 10F [ |

Define:

J]ZB < 0: Control region

JZB= |7

6,

jets

T /7200 300
Use JZB (<0) peak events to predict / JZB [GeV]

o AN
JZB (>0) peak events after the eu subtraction Substantial tail for SUSY in JZB > 0 events

Sanjay Padhi
11
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UH
OS Di-Leptons (with 2) iti

Two regions defined: JZB > 50 GeV (reference region); JZB > 100 GeV (search region)

u} |||II|I|I I| IIII||||I||I| I|| TT T III|I| T T T T T | II|I|
T CMS preliminary 2011 CMS preliminary 2011
& i
::102 Je=7TeV, L=191 pb ' Ve=7TeV L=191pb '
@ |
q Observed | ]
ata . » chserved (data)
o Mporee Predicted
predicied (data)
=
predicted fit (data)

--- gtat. uneart —]

: L L L L L L : 1 1 1 el 1 L1 I_I_‘i-l_l_-l |?
-1 bD 5D Ei 5|U 100 1|5'U 200 250 360 350 50 1!1110 150 200 250 300 350
JZB (GeV) JZB (GeV)

The bac kg‘mund prediction has been fitted to +¢ display uncert. band

e =

O T

Region Observed events Background predlctmn MC expectation
JZB > 50 GeV 20 24 + 6(stat)t1.4(peak) ™, _L{'ayf-;) 16.0 + 1.2 (MC stat)
JZB > 100 GeV 6 8 + 4(stat)+0.1(peak)  §3(sys) | 3.6+ 0.4 (MC stat)

Prediction agrees well with the Dbse1vatﬁmn in both regions
Sanjay Padhi
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UH
Same Sign Di-Lepton Searches idi

@ Isolated same sign dileptons (SS) are very rare in the SM

@ Several search regions with three lepton flavors (e, u, 1) are studied
@ A natural SUSY signature

@ All cross channels are included in

three lepton flavors :

i CMS Preliminary L, =098 b MDCME Preliminary L, =0.9381" amCMS Preliminary L, =098 "
400 ————— .’ 1 o400 == : il R I 3
p (w'e)= 510 GaV u p_il,) = 20110 GeV P (we's) = 51015 GeY T
& EoTT : LY ﬁ - 12 : LA & T AM
. EEE‘_— mgg u 35'3_— : mee a SEE_— yert
W F § ve|l wWoF : va o r T
30 ! 300 : 00
" o = Search Regon 1
230 — Search Region 1 _53__ H 251:_
= I - - Bazarch Regon 2 - S o A
ann b { 8 : = Sagn Aegon | F
::EE: L — Saarch Region 3 Eﬂ:l: : L B EDE: *
: i - 5 — Saarch Asgon 3 -
'|F.|:__ L) ™ 15-'.']__ ¥ Saarch Rogion 4 15[:__ & 'y
mc:_ i ¥ |:|:|:_ g | [T WA v |.c,|::_ ;I“ t 9
| - ' . . . . =
e
B0 *f‘li.‘_'. L ) ?‘li}?: '_# (7]
t'i L ¥ L "l' ¥ B
L 11 I 1 L1 I 1 L1 I L Ll I 1 11 I 1 11 I 1 1 I 1 l -I 11 | R ] O O Y N O N A I | | I 11 11 1.1 | 11 -I 1 1 I L1 I 1 1 I 11 1 I 11 1 I 11 I 1 1 I 11
{b 100 200 300 400 500 GO0 700 :ID 00 200 300 400 500 600 VOO ECI 100 200 300 400 3500 600 700
H, iGeY) H; (GeV) H; (GeY|

Sanjay Padhi
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Major Backgrounds: Isolated lepton

@ “~Fake” leptons from tthar (b/c — e,u) jj }; Ay
“2 . i
@ Charge Mis-reconstruction ; b < T e Z
_ [
@ QCD fakes in case of tau final states v

Non-isolated lepton = “fake” lepton

CMS Preliminary  v/s=7 TeV, L =0.98 fb™ CMS Preliminary ~ \s=7 TeV, L _=0.981b"

n0.18¢ n0.16

o016 Btag-and-probe :.;_'uj 4| Btag-and-probe -

D014k - Eff(Rells0<0.15) = 0.068 "™ 1 = F o001 ]

@ - AL o 012 .+ Efi{ Rellsoc0.15) = 0.039 "**" _

=020 & 1 N - o

© : m 0.1 -

s 01 0.8 '

So0s. | 3

Zo06 * 1 2006F .- E

So.0ak G 1 §00af" e E

2004 = - S o

mu-uz — Ii:i":I_ = mn'uz : ’ '.-I.:.Il-l.pl LL VP -

D N L L l"“""lll-l. — | "_'l 0 N . . o . - .I.“IH: M
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Relative Isolation(e) Relative Isolation(y)

¢ Use tag and probe in bbbar (QCD) events to measure isolation efficiency
» Re-weight this distribution to reflect lepton p_ and Njets in ttbar expectation

# Use this isolation efficiency to determine background Sanjay Padhi

25th July 11 SUSY Searches at CMS



70 B T T T T T ]

L % — NLO obsemed Ilrnlt - CDF Z,7, 1an=5,u<0, 2":: =

B T sx=ws NLO expected limit i o i3
600 __h-. ——— 2010 NLO observed limit E LDEP = o e m )
Enp=10,A=0, k>0 — 5 :
am} LEP2 T {
400 =
00 A =
200 =
1 I L 1 I 1 L I L 1 1 :
0 200 400 600 800 10
m, (GeV/c?)

@ CMS exclusion reach is well beyond previous Tevatr

. CMS Prellmlnary

OS dileptons study

Ns=7TeV, [Ldt—0981b1

00

— 800

. (GeV

£ 600

400

200

CMS Preliminary, L

SS dileptons study

=0.98 qu,\!l-s =7 TeV

T T T T T T T T T T T T T T T T T

_ %= LSP MLO Observed Limit D LEP2 ¥ i
1

o MLO Expected Limit i
<ecce NLO Observed Limit (2010, =35pb™) | |LEP2 T

tanp = 10, Au =0, sign(p) =0

¢ Assuming same squarks and gluino masses

CMS using 0.98 b excludes @ 95% CL., M

L | 1 1 | L
400 600

on limits

\J
~ 825 GeV

L | 1
800

1000
m, (GeV)

Sanjay Padhi
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o O_USES jet momenta and angles

e NO direct use of missing transverse momentum (MET)

events / bin

—%— 2011 Data
Standard Model

—— @CD Multijet

— i, W, Z + Jets

CMS Preliminary 7
L=770 pb~’
Ns=T7 TeV

r

— {-‘IT= (

20

0608 1 1.21
Christian Autermann
25th July 11
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The o Search

Recombine jets to two pseudo-jets, suppress QCD by a_:

CMS PAS SUS-2011-003

SUSY

Pr,j2 /
M, »

Olr=

M= 1""-.2131, ji p]"_,_j;?( 1—cos(Ao))

PT’,}EKPTJI
\ 2(1—=cosA o)

In QCD: . 0.5 since .- is by definition
the lower momentum jet.
Exception: A third jet is completely lost.

SUSY Searches at CMS



The o Search

Christian Autermann R ap > 0.55
T ar < 0.55

real MET < constant RGT

QCD: MET from jet-resolution « RuT Falling with HT since
jet resolution improves with pT

-
EI— 0.12:‘1'0' rrrprrrEE = I T T T T T T T T T T T T T
C | CMS preliminary 2011 r_-:d " cms e Data, o, > 0.51
0 1_ R 101 = f o O SM, a, > 0.51 =
. - = Ldt=35pb ,Ns=7 TeV Data, o, > 0.55 7]
Otk 3 D erz s
D.UB __ iDﬂtﬂ 1 D_E | w W—-pv +]Gt3
% —e .
) ) . 1
0.06 & = B
B _" 1 0'3 5 —r—
0.04} —O—
002_ 107 E
i S o Sl —— b =
IR — - Zx T L
ol Loeoe vl ; 08—
400 600 250 300 350 400
CMS PAS SUS-2011-003 H; (GeV)
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The a., Search — Results with 1.1 fb' =
n

— : -1
CMS preliminary [Ldt=1.1fb \s=7TeV
1 | ] 1 | | . | | 1 ] | | 1 |
95% C.L. Limits: ! ! .
% L Observed Limit (NLO), CL_ B CDF , §, tans=5, u<0|
5 —— — Observed Limit (NLO), PL DO Z,7, tanp=3, u<0
| eimisia Median Expected Limit = 10, PL | LEP2 % -
r — — Observed Limit (NLO), FC, 35pb"  —— -
N G
= 600 1250, ey
E A ""q'_“g-__ ..\ _
b _ §(1250)GeVv

[
11111
']
.J
-

w

400 M6 \
— g-? “"
f,?.ﬁ‘ﬁ?)@@? E

tanf =10, AD=O,H=-U

g (1000)GevV—

_--.. ‘"".Qﬂq = E(750)GeV 1
%s,\ N\ N @ -
200 % « EBaw. 7 (500)5ev )
1 T-- 1 1 L 1 I 1 1 L " 1 I 1 1 1 1 ]
0 500 1000 1500 2000

® Updates for 'Jets+MHT", 'Razor" for >1 fb-1in preparation m0 (GeV)

(— LeptonPhoton / SUSY2011) Al
Christian Autermann
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* CMS performed searches for supersymmetry in a wide range of
possible signatures

» So far, no significant deviation from the SM has been found

— Setting (together with ATLAS) most stringent limits on SUSY
models

... more data is coming in — Stay tuned!
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SILICON TRACKER
Pixels (100 x 150 um?)
e e c o r ~im?  ~66M channels

~13000 tonnes

Total weight
Overall diameter
Overall length
Magnetic field

Microstrips (80-180um)
~200m? ~9.6M channels

CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)
~76k scintillating PoWO, crystals

PRESHOWER

Silicon strips
~16m? ~137k channels

=

SUPERCONDUCTING
SOLENOID
Niobium-titanium coil

carrying ~18000 A FORWARD

CALORIMETER

Steel + quartz fibres
HADRON CALORIMETER (HCAL) A QIEIEE
: 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
:15.0m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
:28.7 m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers
:38T
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