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Supersymmetry (SUSY)

One of the most popular extensions of the SM Standard particles

> SUSY postulates “superpartners” to each SM
particles (same quantum numbers, but spin differs
by 2)

> SUSY must be broken

Higgs

AW ) Quarks @ Leotons @ rorce particies
> R-parity: R= (—1)3(8 Hyes

If R-parity is conserved, SUSY particles are pair
produced and the lightest one (LSP) is stable

SUSY particles

> Why is SUSY popular? It answers many open
questions at once:

= Allows unification of gauge couplings

= Provides a solution to the hierarchy problem: the
fermion/boson contribution to the Higgs mass exactly cancel

= |f R-parity is conserved the LSP is stable and is a dark

matter candidate
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Search Strategies for SUSY

> Assume R-parity conservation for the moment

> At the LHC sparticles are pair produced

= dominantly squarks and gluinos via the strong interaction
= they decay via cascades into the stable LSP (neutralino or
gravitino)
> common signature:
= multiple, high energetic jets and transverse missing momentum

= distinguish final states by additional particles

zero, one, two, .. leptons (e, u), two photons, ...
b-jets if 3" generation squarks are lighter than other generation squarks

> incomplete event reconstruction due to LSP

= No mass peak

- SUSY is in the tails of the distributions q>- -
= SM backgrounds (top, W/Z+jets, QCD) are taken PR, g<
from/verified in control regions /4
7 V1 2-leptons
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SUSY Analysis in Detail

1. Event selection cuts and definition of signal region:

= Cut on a set of variables that can discriminate between signal and background
jets, missing E;, leptons, b-jets, ...

= Coherent with the choice of trigger to ensure high trigger efficiency
2. Background determination:

= QCD and fake backgrounds: estimate from data

= top, W/Z + jets: estimate from data when possible or with transfer factors using
background-enhanced control regions:

N-est,Bkg NEFEC data MC,others
SR — MC Neg® — Neg
CR
= Smaller irreducible backgrounds: using Monte Carlo simulation
3. Estimate all uncertainties:

= Experimental uncertainties: jet energy scale calibration, b-tagging efficiency, ...
= Theoretical uncertainties: renormalisation and factorisation scales, PDF, ...

4. Look into the signal region: Any excess in data? If not, derive exclusion limits
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A Word on Models

> Model independent interpretation:

The main experimental result is the limit on the number of signal events
in the signal region and the limit on the visible cross section

> Model specific interpretation:

MSUGRA/CMSSM: GMSB:

* my: common scalar mass -

m,;;: common gaugino mass -

A,: common trilinear coupling -

tan B: ratio of Higgs vacuum expectation values

sign(p): sign of SUSY Higgs potential parameter

A: SUSY breaking scale

M, ..ss: Messenger mass scale

N;5: number of messenger fields

tan B: ratio of Higgs vacuum expectation values
sign(p): sign of SUSY Higgs potential parameter

Cgyrav: ratio of the gravitino mass to its value
at the breaking scale A

Reduce number of free parameters and predict mass spectrum

Simplified models

= reduced particle spectrum: test different mass combinations
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Large Hadron Collider (LHC)

>s=7TeV pp
> Qutstanding 2011 Performance

Delivered integrated luminosity (fb™")

> Bunch spacing 50 ns

> ~ 12 pp collisions / crossing (avg.)
R R R R R R RPN R R R
10* = ATLAS Online 2011, \s=7 TeV I Ldt=5.2fb "

~ 3.5 x 1033 cm™=s™1 peak lumi

3
~ 5.6 fb-" delivered 10 — BT=10m <p>=116

— p*=15m,<p>= 6.3

LHC 2011 RUN (3.5 TeV/beam)

| % —0—
CF ' |-~ CMS 5714 fb™!
—o—
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Two genera'llﬂﬂ'ﬂpose_ experimentsf W'L_S & CMS

Total weight 14000 t
Overall diameter 15 m
Overall length 28.7 m

i &

39'Countries, 169 -Institutés, :
3170 scientists and engineers
including 800 students

sl T - 4'5.-' :
Emphasis on excellent resolution (energy,
momentum, mass) of electrons, photons, muons

"







Two general-purpose experiments: ATLAS & CMS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter 38 countries, 174 institutions
" | 3000 scientists,
1000 students

ToroieHmagnets  Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker

Emphasis on excellent jet and missing-E; (MET) resolution, s _

particle identification, and standalone muon reconstruction ="
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Jets and Missing E-
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Jets + Missing E;

CMS PAS-SUS-11-004

> Probe strong production of SUSY particles

> Select events with

= many jets
= missing E;

L=
Events / 100 GeV

€----p

0-lepton H, = scalar

sum of jet E.

X4

> Selection:
H; and missing H; trigger

- H; > 350 GeV, missing H; > 200 GeV

2 3 jets with p; > 50 GeV

|Ad(jet, ,,H™ss)| > 0.5 and |Ad(jets,H ™) > 0.3
Veto on isolated electrons and muons

Define signal regions based on H; and missing H;

> Background estimated from data
= Model W-> tv and W - e/uv background using u + jets

= Z - vvusing v+ jets by removing y

= Model multi-jet background from multi-jet events
using the rescale and smear method

| ]
Events / 20 GeV

Wolfgang Ehrenfeld | SUSY Ses

10°

107

10F

CIVIS Prellmlnary L=11f" Vs=7Te

| T 11T | T 1T | LI | LI ‘ T T T | T 1T
i —e— Data Bkg. expectatipn from MC
2 e W(lv)+d =
E B Z(vV)+Jets 3

I T+ Jets
QCD

Susy LM4

107

10

0 200

10° . CMS Prellmlnary L=1. 1fb1 \s = 7Te

E ‘ T ‘ T T T ‘ T T ‘ T | T
f —e— Data  Bkg. expectat n from MCI
- . W(lvy+J

500 1000 1500 2000 2500 3000 3500
Hr (GeV)

B Z(vV)+Jets
I F+Jets —
QCD 3

Susy LM4

1000 1200

H; (GeV)

400

600 800



Jets + Missing E;: Results

CMS PAS-SUS-11-004

> Four Method Baseline Medium High My High Hy™ss
H; > 350 GeV and Hr>500GeVand | H;>800GeVand | H;> 800 GeV and
Signal H,™M== > 200 GeV Hymiss > 350 GeV H,™== > 200 GeV H™= > 500 GeV
reg ions: Z—vvfromy+jets | 376.3+123+792 [426+44+89 24913552 2.4+1.1 £ 05
/W — e,u+X 2435+ 19.8°300 ., 1127+33%1.5 225+ 6730 5, 0.8+0.8 £ 0.1
W — Tpog+X 263 8 + 7.4 172107 18 £2 +0.5 0.73 + 0.73 + 0.04
OCD 30.9 435.2+166 1.3 +1.3*06 13.5 +4.1*73 0.09 +0.31*085
Total background § 927.5 £103.1 739 %119 794 £12.2 46 £1.5
Observed in data | 986 78 70 3
CMS preliminary, L=1.1fb™", \s =7 TeVe CMS preliminary, L=1.1fb™, Vs = 7 Tl
> T ‘ T T T T ‘ T T T T ‘ T T T ‘ > 1 04 T T T ‘ T T T T ‘ T T |
O] : .\ O : .
o] ¢ Data Bkg. predicted from data: _> 0 ¢ Data Bkg. predicted from data:
> Data We” S 103 B Zvv+j /3 \ B 7+ 1
i - Witt—1 +X =~ 10 Witt—t +X =
described @ B /T e+ X 2 = B W/t e+ X E
c © B
by background ¢ ¢ ER T - cD .
estimate from o ] _hn :
3 10 g -
data f i :
- L Z ]
1 E 1 ha / . =
. E . . ‘4 Z | Il E
2 15 2 sk P /// % E
3 g /%WW/ _E 10%%’%///% . -
g 05 | ””W//////%V /////% s 05 L e 3
S 500 1000 1500 S 200 400 600 800 1000
H; (GeV) A (GeV)
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CMS PAS-SUS-11-004
ATLAS arXiv:1109.6572

Interpretation in mSUGRA/CMSSM

> Excluding m, < 600 GeV for m,,, < 500 GeV
> Excluding squark masses < ~1 TeV and gluino masses < ~600 GeV

CMS Preliminary

MSUGRA/CMSSM: tanf} = 10, A = 0, u>0
~— 700 I L L Y B B B 0

i 4 < 0 lepton 2011 combined
% Ly=111 1- (s=7TeV [H CDF 2,7, tanp=5, n<0_| E JALTC}=A1§4 15" {e=7 TeV CL, obse.rved 95% C.L.. Iilmit
g —— Observed Ry DO 2.7, tan=3,p<0 | I_C\.JGOO [ LEP2 %f ---- CL, median expected limit
~ 600§  ------ Expected + 1o = [ 1 D0g gtanB=3,n<0,2.1 967 " Expected limit 1o
i~ LEP? T 4 € [ CDF g, tan p=5, u<0, 2 fo™’ % Reference point
E . i B Theoretically excluded —— 2010 data PCL 95% C.L. limit
------ o CMS 1.1 fby” : T \ \ { \ | I
500 — observed20t0 —  200[ P e S | ‘. L]
— - A \ "1;"- \ | | i
400 § (1000} Gev - 400
300 B ) — 300
LS g (750)Gev =
9.{5‘00 "'.‘i::‘.':'.:-::_._i_?“ : i
200 G, T Thme— 200
-“"""\—\_. ~ —
- § (500) Gev
0 200 400 600 800 1000 1200 1400 1600 180 500 1000 1500 2000 2500 2000 3500
m, (GeV) m, [GeV]
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Interpretation in mSUGRA/CMSSM

> CMS

., .CMS Preliminary s=7 TeV f Ldt~1fb"

© — 2011 Limits - cor 1amene] > Other methods:
> ---2010 Limits N PO 7,7, tan=3,1<0 7]
S tang =10, A =0, u>0 E LEP2 ¥ ] - o
S .
3 E

EP2 T [PRL 107, 221804 (2011)]
<(L200)6e Jets+MHT .
MT2 _ Mo
m ez (0817) - [CMS PAS-SUS-11-005]
|

= Razor
[CMS PAS-SUS-11-008]

-----
-
---------------
.....
c-

L] -~
_______________
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Interpretation in mSUGRA/CMSSM

> ATLAS

MSUGRA/CMSSM: tanp = 10,A = 0,u>0 L™ =1.34 15"

;‘ L T T T | T T 1T | L | LI LI T T T]]
D550 —_AT AS obs. CLg 95:/0 C.L. I?m?t =
QN - Multijets plus E:iss Combined P |(':L'S:51 e GLimt 3
o N ——— exp. limit +1c -
: - PR g 900 - ‘H‘-\\'“‘\«—HI‘-“_i ...... 201122,3,4 jets plus E™ -
> Multi-jet plus missing E; b & T ot
[JHEP 11 (2011) 99] S e e ;
. . 400 e T L ‘l\, | | D0g,3 tanp=3,p<0, 2.1 b 7
> Select events with = 6 jets T T\§<1ooor-~.;~~~- B o 54, s, 0,21
350 - \\'l.‘n:'\\ ' t Il Theoretically excluded

Loabaleiaa oy
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Interpretation using Simplified Models TG GG TS F i

> Reduce the particle content and couplings iRt LGy
> L CMS Preliminary (@]
I I I o - \s=7TeVL=1.1 b =
to produce a given topological signature % oo Thsom 8
> Give limit on production cross section E ol s soomss :
. . . . . i ’ 0
> For each signal point, the signal region with 600|
the best expected sensitivity is used 100l

PRI T NI TR |
400 600 800 1000 1200 1
pp—>gg g—>2q+LSP m(")>>m(") m§ (GGV)
200 T T T

B CMS Prellmmary
- \s=7TeVL=1.11b" .
000 - E;+jets: OR all selection .-~

— gPred — gNLO-acD P
v gPOd — 3 NLO-QCD .-*

10

m . o (GeV)

800+
600}

400F"

5:- —
CL upper limit on o (pb) (CL)

200 -

400 600 800 1000 1200
m, (GeV)

S
95%
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Interpretation using Simplified Models

ATLAS-CONF-2011-155

> Simplified model:

~0

= gluino, light squarks, neutralino Squark-gluino-neutralino model, m(y ) = 0 GeV

;‘ 2000 T T T 1E ]
> | jaTLas |
> Exclude up to ~ 1 TeV for ) Wl ;OIepton 2011 combmetj N
_ ; —_ 1750 \\ § e CL, observed 95% C.L. limit
m(squark) = m(gluino) for 2 | fr CL, median expected limi
. = \\ ---------- Expected limit +1¢
massless neutralino x 1500 i— 2010 data PCL 95% C.L. limit
S S [Ldt=1.0415", ys=7 TeV _
o P i
“ 1250 SO —
GSU; =0.01) ob |
1075 G?% . 1 I . o AU P,
5
o
750 -
500
250
0

1000 1250 1500 1750 2000
1075 GeV gluino mass [GeV]
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Interpretation using Simplified Models

> Simplified model:

= gluino, light squarks, neutralino

> Exclude upto ~ 1 TeV for
m(squark) = m(gluino) for
massless neutralino

> Test different neutralino
masses

= 195 GeV
= 395 GeV

Lower limits by
construction

N

000

—
~
(&)
o

squark mass [GeV]
o
S

—
N
(6}
o

1000

750

500
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ATLAS-CONF-2011-155

Squark-gluino-neutralino model
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\
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Third Generation
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Third Generation

> Can the third generation of SUSY particles be light if the first two are
heavy?

A Natural S pectrunt
General “bottom-up” viewpoint
Complo [ed SUSS
“Distant
[0 1 Tev | . Cousins”
&( j The “Nuclear Family”
of the Higgs T
~ ~ 500 Gev, | Kez Search Latest
Yoo LR L9 theorist
\L 7 (—) = excuse!?
Ht bt —
l Ll‘ s (=)»
20 —

+<—— Closeness to Higgs

Lawrence Hall, 21. October 2011

Nima Arkani-Hamed, 31. October 2011
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Gluino Mediated Sbottom Production

CMS PAS-SUS-11-006

> Probe gluino mediated sbottom production:

= §— bb— bby° or g — bby° k
> Select several b-jets and missing E; —
= H; and missing H trigger X0 '
- H; > 350 GeV, missing E; > 150 GeV hY ‘b
= 2 3 jets with p; > 50 GeV e
= =1 jets must be b-tagged
= Veto on isolated electrons S Ly =11 Iﬂ?‘f,l\f? Zriev  CMS Preliminary
and muons @ M 1 >500GeV - pata E
= Apy™in > 4.0 o 80F| Egmiss >300 GeV — LM9 E
. . QS 70F ] =1 b-jet == Zowy =
= Define signal regions based on H; S : == Diboson :
el < 60E = 7yl =
and missing E; § - = Wt E
I = Single-Top

B i

Four signal regions: 30
* H;> 350 GeV, missing E; > 200 GeV 20
 H;>500 GeV, missing E; > 300 GeV 1
for one and two b-tags

50 200 250 300 350 400 450 500
E™ [GeV]
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Interpretation

ATLAS-CONF-2012-003
CMS PAS-SUS-11-006

> Simplified model:

gluino, sbottom,neutralino
g or bb production

m o = 60 GeV E—
BR(§ = bb) =1

BR(b - b7°) =1

PP — §g.g — 2b + LSP; m(q)>>m(g)

—1200 222999 > 20+ LSF; m(g) _

> :I(-:i,ﬁt/l;;1;‘p1ff=7Tev g
B reliminar

9.1 000 — Gprod = gNLO-acD y 1 0 CI)

o L

9 B prod _ NLO-QCD o

E—' | ==c"=3x0 , 0\

800__ oProd = 1;3XGNLO-QC{J/,/, g

- 1 ©

-

600 3

i 5

400 .S

L 101 5

- O

B w

200/~ &

o w

., 2

400 600 800 1000 1200 9" O

m; [GeV]

~

~n ™ ) ~ -0 _ A e
g-g + bb, production, b,— b+¥, J-L dt=2.05fb ,\s=7 TeV

;1100IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
- - imi 0,
[0 ATLAS Prellmlnary CL, Observed Limit (95% C.L.)
G 100 T T CL, Expected Limit (95% C.L.)
ra Olepton, 3jets .. CL_ Expected Limit 1o
E 900 b-jets combined

; ) 900/800 GeV
m(X,) = 60 GeV, mﬁ1y2)>>m(g) e

I ATLAS B b, 2.05 fo'
___|ATLASGg, — bp 35 pb
O CDF b)p, 2.65 fb”

Il Dobb 5210

800

------

700
600
500
400

300

300 400 500 600 700 800 900 1000 1100
m [GeV]

IIII|1-

200

200
100
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Stop Production

ATLAS-CONF-2012-003

> Probe gluino mediated stop production
= gottottlort - t°/byt

= Events with several top/bottom quarks
and neutralinos

> Select one lepton, several b-jets
and missing E;
= Single lepton trigger
-> e/ with pr(e,un) > 25,20 GeV
= Veto on additional leptons (e/u)

= At least four jets with p;(jet,) > 60 GeV 8 E ATLAS Priminry . oman

and pr(iet,34) > 50 GeV 0 R D =l

= One of the jets must be b-tagged I e eI

= Missing E; > 80 GeV oE ey TS

« m; > 100 GeV F Lot :

mr =2 b+ B (1 - cos(Ap(Z, Bi)

> Two signal regions: I e .:;;;;::\::::::::::::::::"""""""":
" Mg > 700 § 1+++1" - ——

= My > 700, missing E; > 200 GeV e

Wolfgang Ehrenfeld | ¢ [Mgff = HT + miSSing ET 26 DEsY
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Interpretation ATLAS-CONF-2012-003

§-g + tt, production, § — t+t, t,— b+g~(,f ' Ldt =2.05fb ' \'s=7 TeV
o 700 TTTT T TT T TT TTTT TTTT TTTT TTTT TTTT TrTTT TrTTT
S B | BERES I I I | [T ]
) — ATLAS Prellmlnary CL, observed |.Imllt (95% C.L.) ]
()] - ST aeeeas CL, expected limit (95% C.L.)
- 600 1-lepton, 4jets Expected CL_limit +1o ]
> Simplified model: & -, L Observed ATLAS (35 pt)
L m(x1) =60 GeV, m(x;) ~2 m(x1) ,' : -
= gluino, stop,neutralino 500 [~ M@, ,) >>m@) —
- 440 GeV . .} ]
= gg ortt production - ',-' -
" mg>mgt+m 400 — . 6@6“,,—;.33:“‘}:"‘ ]
N\ e H
N PR i
u 'rrl)(i ~ 2 mXO C . ﬁ\}\ Pt 7]
300 — Q —
" Myo = 60 GeV B e i
= BR(g - tt) =1 00 () _
o ~+ _ : . :\“:‘“ B :
" BR(t ﬁ bX_) - 1 _('\“‘: :l I L1 1 1 I | - I ) I - I il 1 I Ll i 1 I 1 Ll |"I L1l | 1 I::I 1 | L1l I_
- BR()’Zi N )'Zolv) =0.11 300 350 400 450 500 550 600 650 700 750 800

620 GeV Mg [GeV]

> Gluino masses of 620 GeV excluded for stop masses up to ~440 GeV
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Third Generation: Tau Leptons

> Gauge Mediated SUSY Breaking (GMSB)

= the very light gravitino is the LSP

= event topology defined by next to lightest sparticle (NLSP)

= For N = 3 stau and slepton NLSP enriched

= - 16, 7° > 1t

GMSB NLSIIZj ...

50
CE- 45
40
35
30

25

20

15

10
5
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ATLAS-CONF-2012-002
ATLAS-CONF-2012-005

Third Generation: Tau Leptons

> Squark/gluino mediated stau production in GMSB
> Common selection:

= Jet + missing E; trigger = p+(jet;) > 130 GeV, missing E; > 130 GeV
= Veto on electrons and muons

= At least two jets with p{(jet,) > 30 GeV > BpT e
© <E | ATLAS Preliminary - Data 2011 =
> 60— T T = E ~— Standard Model ]
& - ATLAS M Total SM 4 > Bk det=2.05 o Ns=7TeV mRTop =
o 0P Preliminary [Jmutiets = s - [ Weiets .
© C -Z+Jets . > 5 Bl Z+iets —]
: 40__ J-Ldt 2.05 fb -W+Jets _: w : ---- GMSB4030 7
"g 305_ [top e 41 B
g C ® data2011 3 3
L o0 =+ GMSB(40,30)_1
AR i i [ ) GMSB(30,20) 2
e R > L :
6508400 600 800" 1605-1500 14001600 200 500 400 50060 300
M [GeV] my + my? [GeV]
> Analysis with at least one tau: > Analysis with at least two tau:
= 2 1 tight tau lepton with p; > 20 GeV = 2 2 loose tau leptons with p; > 20 GeV
= Missing E{/m.4 > 0.25 " Mgz > 700 GeV
" My > 600 GeV = my(t4) + Mmy(t,) > 80 GeV

= my(t) > 110 GeV
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ATLAS-CONF-2012-002

Search for Tau Leptons - Interpretation

ATLAS-CONF-2012-005
> Good agreement between SM background | Observed | oyis [fb]
data and MC 17 analysis 13.24+4.2 11 < 4.0
. : .. 27 analysis 53+26 3 < 2.7
> Results interpreted in a minimal —
T GMSB: Myness=250 TeV, Ns=3, >0, Cyray=T1
GMSB model with: - 50 ° H>" o S
M ess = 250 TeV, N; = 3, u >0, Cgrav =1 E ATLAS Preliminary .
45 V's=7 TeV S LEP 95% CL (%) —]
LEP 95% CL (e;) 1
. , . Theory excl [ OPAL 95% CL n
> ATLAS dilepton opposite-sign search #° ' L, 95% CL limi:
- ATLAS-CONF-2011-156 (1 fb'") 35 — T =
> 2 1 analysis: 30 YRR
= Best exclusion set for A = 47 TeV e o 2:2‘;3'2151) E
and tan g = 37 T oxp.limi .
= Independent of tan B, 20 =
A <32 TeV is excluded 5 1 E
> 1 t analysis: o ™ CoNLSP ]
= Best exclusion set for A = 40 TeV : i
and tan 3 =44 5 ; | R | =
= Independent of tan 3, 10 20 30 40 50 60 70
A < 31 TeV is excluded A[TeV]
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Multi-Leptons
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Multi-Leptons

CMS PAS-SUS-11-013

> Probe final states with multiple leptons CMS simuiation __ 5=7TeV, L, =211"
from 7°, % and L.

_ _ - 3 leptons oo
> Consider three and four lepton final states 3 -2 ots
= Electrons § 250 -Ifl’,-é{i‘s
= M £ 200
uons % iso
= Hadronically decaying tau leptons 100
> Backgroun ression by requirin ”
acl;-l 9 CZ)(L)jO CGj S\;Jpp essio by g 9 % 200 400 600 8?'0Lr G \1/c)>oo
u T > e e
= Missing E; > 50 -
. CMS simulation s=7TeV, L =21fb"
> 52 channels in total S A

300 — MLO1x 0.1 E
% 250 --- Tev3 =
. Bl Z+jets 3
> Background estimate: = e
— +ets 7
= From MC, checked in control regions £ 3 lept -
o
= Misidentified leptons i eptons

Irreducible background from WZ/ZZ production
Internal photon conversion: Z->1ly with y>ee/un

---------------

400 500
E™s* (GeV)
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Multi-Leptons

CMS PAS-SUS-11-013

CMS: 2 fb-! — missing E; > 50 GeV

Channel €0 + Jet €€ + 1y t A% Total SM Data | Signal
OS(ff)e 033£0.08 0421042 15%0.8 33%1.3 6.0+£1.7 10 | 76+19
OS(£6)p 0424010  0.17+0.17 2.2+1.1 43+17 7.5+2.1 14 | 106421
OS(¢f)T 28.4+44 0.354+0.35 29415 45+17 63+16 71 | 202430
't 24.6+6.0 1.74+1.7 38+19 7.5+2.9 73420 88 | 29+10
SS(£6)e 045+0.08 0354035 23411  049+0.18 43413 6 | 9.1+54
SS(¢6)T 3.9+15 0.484048 17409 34413 99423 21_D 4.0+4.0
(1T 96+18 NA 12.346.2 17406 | TI0TT0 88 | 24.029.1
Y L(E/T)(E/T) 154128 3.1£31 874 253197 273153 208 | 450+49
[T 0.0000£0.0006 <0.0002  <0.006  0.016+0.005 ¢0.016+0.006 1 _D146+74
it 0.00+0.07 <0.007 <0.07 0144004 | 0.BTOTT 0 | 148477
firT 0.34+0.33 <0.005 0274013 0.14+0.04 | 0.89+0.40 0 | 7.8+56
Y E(f/T)(f/7) | 034x034 0.00£0.00 0.27£0.13 0.29+0.08 | 1.14x0.42 1 37+12

> Some channels show excess in data
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Multi-Leptons: Interpretation

CMS PAS-SUS-11-013

> Gauge-mediated theory with split messengers (GMSM)

= Gravitino LSP
= g/ g decay down to ¥°
= 7> [FlTand [ - Gt

CMS Preliminary  Vs=7TeV, L =21fb"

1900 T T —
,_-;,:; = 95% C.L. CLs Limits N
> Excess in data > | — NLOobserved
0] . T T S PET T NLO expected median -
can be clearly seen ~1800 —— NLOexpectedtis |
in observed limit R R A NLO expected 20 |
1700 -
00~ e —
i ] | ] L J ] | J ] ] J | ] J . L |
600 700 800 ,.900
m. (GeV/c?)

Wolfgang Ehrenfeld | SUSY Searches at the LHC | 29.2.0212 | Page 34



4 Leptons

ATLAS-CONF-2012-001
>Se|eCtion > 3 TTTTTTTTT I I I prrryrrrrrTrrTTT
G 10°E \s=7Tev J-L dt=2.06 fb" e Data2011 3
= Four leptons (e,u) o - o #Total SM 7
] N - ATLAS Preliminary O+ .
= Veto on low mass Drell-Yan pairs o 102 Ov -
< = Cwz 3
(m, <20 GeV) 2 - . Dzz .
. . T N anamaa Y4 h )
= Missing E; > 50 GeV 10 —EAA
. ) B == SM + RPV 3
= Two signal regions based on i } -+ SM+ DGWSL
Z-boson veto (|m;, —m,| < 10 GeV) 15 AT =
10" 3 : E
S e i I
0 20 40 60 80 100 120 140 160 180 200 220
ET [GeV]
SR1 All eeee eeepl | eeppl epipipt JIiT
X SM 1.7+0.9 0.6+0.8 0.24+0.57 0.5+0.6 0.32+0.55 0.08+0.57
Data 4 0 1 2 0 1
Z-boson veto:
T SM 0.7+0.8 0.35+0.83 0.05+0.57 0.13+0.57 0.12£0.55 | 0.005+0.567
Data 0 0 0 0 0 0
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Photons

Wolfgang Ehrenfeld | SUSY Searches at the LHC | 29.2.0212 | Page 36



Final States with Photons and Missing E-

> Gauge Mediated SUSY Breaking (GMSB)

= The very light gravitino is the LSP
= Event topology defined by next to lightest sparticle (NLSP)
= Large parameter space has neutralino NLSP:

If bino like > decay into photon and gravitino

If zino like = decay into Z and gravitino

If wino like = chargino is the NLSP,

but mass degenerated with neutralino > T ISR RN RN LS R LA RS R

. ) S 10% & —&— Data 2011 \s =7 TeV) ;_

> Final states with one/two photons » Bmm acp ] -

. 9 10° P Woev+jets, W—ev+y, tt—>ev+X§_

> ATLAS: [arXiv:1111.4116] GO (47 ) 2B, 400) Gev

= Diphoton + missing E W10 SPS8 A = 140 TeV E

lphoton = missing & ESe . UED 1/R = 1200 GeV -

> CMS: [PAS SUS-11-009] 10 ATLAS | Loi-10780" 5

= Diphoton + jet + missing E; 1 a

= Photon + 3 jets + missing E; 10

> Background estimated from data: S A "
0% 50 100 150 200 250 300 350 400 450 500

= Fakes from jets

Emiss GeV
= Fakes from electrons T [GeV]
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CMS: Cross section limit [pbl

1on
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500/
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(o)

S
m2DDO

id
©
i
Q
-
Q.
(-
Q
P
L=

Tl
\s=7TeV

det - 1.07 fo

E
ATLAS

g NLSP

2, Ctysp < 0.1 mm

CL limit
CL limit

issing

2010 — 2011

—— ATLAS CLs observed 95% CL limit (36 pb ™
—e— CMS observed 95% CL limit (35 pb ™)

Gluino/squarks for production
Bino-like neutralino as NLSP

Gravitino
===s» ATLAS CLs expected 95%

= AT|AS CLgs observed 95%

1o

= simplified model with three/four sparticles:
GGM: bino-like neutralino, tan

= Exclusion limits on m(gluino) ~ 800-900 GeV

2 Photons + M
> General Gauge Mediation (GGM)

)

(

M.

1200
[GeV]

pi
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Diphoton + Missing E;: Interpretation

arXiv:1111.4116
> minimal GMSB / SPS8 slope > Universal Extra Dimension (UED)
= full mass spectrum = mass spectrum similar to SUSY
= A < 145 TeV excluded = 1/R <1224 GeV excluded
10* SPS8: M, ..s=2A, N=1, tanf=15, cty gp<0.1mm UED:N=6,M =5TeV, AR =20
3‘ E T T T | T T T | T T T | T T T | T T T | T T T | T T T E E‘ T T | T 1T 17T | T T 17T | 1T 177 | T 17 | T 1T 17T | T
= EOATT AQ e ClLs expected 95% CL limit 3 = S AT AQ e ClLs expected 95% CL limit
© B ATLAS — Clg obFs)erved 95% CL limit ] o 10 E ATLAS — Clg obrs)erved 95% CL limit g
3 s+ 1o m C s + 1o ]
107E + 20 E X i + 26 ]
E ——— SPS8 NLO cross section ; © 102k ——— UED LO cross section |
102k J.Ldt =1.07f6", \s=7TeV | J.Ldt S 107" \s=7TeV -
i 10 E
10 - ]
E DO : L1 | 11 1 1 | | | | | L1 11 111 I L :
i N T BN B L i 1200 1300 1400 1500 160@\!23)
150 200 250 1 [CeV] =
1§_ | | | g | [“[GGV]_; SRR N UTENININ AT IR 3
C BEn anm 1arn T . C 1300 1400 1500 1600 1700 1800 ]
© 250 300 |350 00 450 59& & 1 - M. [GeV]
10- 1 1 I 1 1 1 I 1 1 1 I 1 1 I 1 1 1 | 1 |1 1 | 1 Il Il 10_1 Il Il | Il Ll 1 I Il 1 1 1 I L1l 1 | | - 1 | 1 1 1 1 I Ll
80 100 120 140 160 180 200 220 1000 1100 1200 1300 1400 1500
A [TeV] 1/R [GeV]
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Long-Lived Neutralinos > Non-Pointing Photons
CMS PAS-EXO-11-067

> The neutralino can decay late

> Selection:

= 2 2 isolated photons with E; > 45/30 GeV
= > 2 jets with p; > 80/40 GeV

= Require converted photons
to reconstruct (displaced) vertex

= Missing E; > 30 GeV

L
.ll.

= dxy > 6 mm Primary vertex
. . L
> Use sidebands to estimate background ’
E 103 ;' I e s L: irey T L e e B B B B e e B B B
c o miss 1 o 1= - —#— Observed limits B—
E - Data E;™>30GeV 1 s - A Expected limits —
‘5 102 e —a— GMSB MC xi’ ct=bcm | § B [ = 1o expected limit 7
= = N o . - % B - |:| +20 exp:ected IimEt ]
= A 4 CMS Preliminary, 2.1 fb 1 g — - CMS Preliminary, |Ldt=24" |
= 0= ¢ - O 1 a :
e ]
15 Tl - = 107 o .
= A~ —A- = -
- e ] = . -
B b 747‘*“4"‘:*7‘41& 4] N R AR AN IR R
107" = N Y R RS B L Wl = £ 0 5 10 15 20 25 30
0 0.5 1 1.5 Neutralino lifetime [cm]

2 25
Photon d,,, [cm]
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Summary
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Summary of ATLAS SUSY Searches

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec. 2011)

1 1 IIIIIII 1 I IIIIIII T I LI

ATLAS

ass Preliminary

MSUGRA/CMSSM : 0-lep + j's + Ey e
MSUGRA/CMSSM : 1-lep + j's + E7 iss
MSUGRA/CMSSM : multijets + £

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

=g mass
g=gm

a=g
gmass (for m(q) = 2m(g))

T.miss

det =(0.03-2.0)fb"
1s=7TeV

g=gmass (light i?)
Simpl. mod. : 0-lep + 's + E piss Gmass (m(g) <2 TeV, light )
Simpl. mod. : 0-lep +J's + E e gmass (m(q) <2 TeV, light i?)

Gmass (m(g) <2 TeV, m(¥,) < 200 GeV)

gmass (m(q) <2 TeV, m(i?) <200 GeV)

Simpl. mod. : 0-lep +J's + E7 s
Simpl. mod. : 0-lep + J's + E7 s
Simpl. mod. G- q8%") : 1-1ep +J's + Eq s g mass (m(%,) < 200 GeV,Am(T", %) / Am(@, %) > 1/2)
Simpl. mod. : 0-lep + b-jets +'s + E1 e g mass (m(b) < 600 GeV, Iighti?)
Simpl. mod. (G—tTX,) : 1-lep + b-jets +'s + Er e

Simpl. mod. (b, by,) : 2 b-jets + £

g mass (m(7;) < 80 GeV)

SUSY

b mass (m(X,) < 60 GeV)

T,miss
Simpl. mod. (%, %, — 31%;) : 2-1ep SS + E7 s
GMSB : 2-lep OS, + Er s

GGM + Simpl. model :yy + E

~t L0~ oy ~0
%, mass (ight ¥, m(l) =&(m(%;) + m(x,)

g mass (corresp. to A < 35 TeV, tanp < 35)
T miss g mass (m(bino) > 50 GeV)

GMSB : stable T
AMSB : long-lived i’f

T mass
if mass (0.5 <T(if) <2ns)
Stable massive particles : R-hadrons gmass
Stable massive particles : R-hadrons b mass
Stable massive particles : R-hadrons T mass
Hypercolour scalar gluons : 4 jets, M= m, sgluon mass (excl: myg < 100 GeV, mgy= 140+ 3 GeV)

¥, mass (43,,=0.10, A4,,=0.05)

I
RPV : high-mass ep
Bilinear RPV : 1-lep +j's + E1 s

q=gmass (¢t gp < 15 mm)
1 1 ||||]II 1 1 |||l||| 1 1 1 1

10" 1 10
Mass scale [TeV]

*Only a selection of the available results leading to mass limits shown
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Summary of CMS SUSY Searches

. .. -1
CMS Preliminary CMS Preliminary »E 7 TeV f Lat ~ 1 fb
Ranges of exclusion limits for gluinos and squarks, varying m(x") CG-.. 0 T T T T T T
T =0 [ap 11t guno [N XS — 2011 Limits - ODF 7,7, -5 n<0-
TL: j—qqi’ [Er+ jets, 110, o CRN % .-+.2010 Limits NN DO 7,7, tanp=3,u<0 ]
T g’ W72, 1.1, ol O] tanp =10, A =0, u>0 [ JLerP2 % N
T2: §—+qx%" |ap 1.1 b ', squark _ _
§ [ Jier2 7 .
T2: 4—+q%" [Er + jets, 1.1 b, sql RN - ]
T1bbbb: j 141" [y LI T, glung ] £ Jets+MHT :
Tlbbbb: j—bbi" [MT2, 1.1 b ', gluino _ Razor (0 8 fb ) i
Tlinu: —qg¢* [1*1%, 0.98 fb !, gluino _
TiLh: §—aqil|%° |1¥17, 0.98 fb !, gluino e
T522: §—aq% (21 B 0.98 fo ' gluino [N
T5zz: §—qqiy |JZB, 2.1 fb~*, gluino I
T5zz: §j—qqis | Fr + jets, 1.1 fb7", gl_ """
T5zz: §j—+qq¥s |ap 1.1 fb~', gluino _ s
Tttt §—t%; [1*1%, 1.1fb ', gluino . L e T el TTTRRQ0)GeV
0 200 400 600 800 1000
Mass scales (GeV/c") 0 200 400 600 800 1000
For limits on m(§), m(q) > =m(g) (and vice versa). g! =g™O -0 2
(i Jm(ig) =m0 m, (GeV/c?)
m(%") is varied from 0 GeV/c® (dark blue) to m(g)—-200 GeV/e? (light blue). 0
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Conclusion and Outlook

> ATLAS and CMS have produced an impressive number of
papers/conference notes using the 2011 data

> In the channels searched so far, no significant excess above the
Standard Model was found

> SUSY was not “just around the corner”
> Limits have surpassed those from Tevatron/LEP

> Besides MSUGRA/CMSSM also gauge mediated and simplified models
considered

> Many updates and new analysis with the full 2011 data expected in the
next weeks/months

> Both experiments will search for SUSY in 8 TeV collisions (15 fb-")
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