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SUSY with Photons @ xoiaibani 58

» Gauge Mediated Symmetry
Breaking (GMSB)

—Supersymmetry breaking and B. Hopberman fc?r more
_ GMSB interpretations
communicated to the SM
through the gauge interactions

—eV-keV gravitino (G) LSP
» General Gauge Mediation (GGM)

—NLSP is a mixture of Wino, Bino, and Higgsino

See talks by A. Gozzelino

27/8/2013

SUSY 2013




Bino-like NLSP | Wino-like co-NLSP | Higgsino NLSP

W —=7"+G X —=h"+G
X 0
Xi =W +G X
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SUSY with Photons at CMS @&J~Norre pame

» Searches designed to cover as many NLSP
and final states as possible

NLSP  High MET  Low MET ° Mostly
focus on

27/8/2013

Di-Photon Stealth SUSY

Bino Js=8 TeV 4.04 fb! +/s=7 TeV 4.98 b strong
CMS PAS SUS-12-018 CMS PAS SUS-12-014 productlon

SUSY 2013

| Single Photon
WINO  /s=8Tev 4.04 fb
CMS PAS SUS-12-018

David Morse

| | Stop-Higgsino
Higgsino Js=8 TeV 19.5 fb!
CMS PAS SUS-13-014




SUSY with Photons at CMS @Jxorki bavie| e

» Searches designed to cover as many NLSP
and final states as possible

High MET  Low MET

27/8/2013

\/s=8 TeV 4.04 fb' +/s=7 TeV 4.98 fb'
CMS PAS SUS-12-018 CMS PAS SUS-12-014

SUSY 2013

\/s=8 TeV 4.04 fb"'
CMS PAS SUS-12-018

David Morse

| | Stop-Higgsino
Higgsino Js=8 TeV  19.5 fb NEW

CMS PAS SUS-13-014
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" Example Diagram

27/8/2013

SUSY 2013

CMS PAS SUS-12-018

2 photons, Jjeéts, high MET

\ _/

Signal
mn
egion

>1 particle flow anti-kT (R=0.5)
Ieadmg(trallmg) pr>40(25) GeV pT>30 GeV MET>50 GeV Vs=8 TeV
In|<1.4442 In|<2.6 4.04 fbl

isolation, shower shape requirements separated from photons

David Morse
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Sub-dominant bg EWK Wy,Wjet with real MET
estimated using electron to photon fake rate
extracted from Z peaks in ee and ey samples

= 1.720 +/- 0.041 = 1.15 +/- 0.26

—~~ - I L R L L B I B

FEMS Preliminary 2012 alpha = 0.827 +/- 0.010 :ﬁMS Preliminary 2012 alpha = 1.16 +/- 0.37
E_E =8 TeV, f L=4.04fb" [ bkgd events = 3727_% +- 1576 ¥s = 8 TeV, f L=4.04 b bkgd events = 35094
E e sample ' ¢ = 0.1156 +/- 0.0024 — = ey sample ¢ = 0.04397 +/- 0.000
cb_mean = 0.108 +/-/0.059 = cb_mean = -0.1377+
cb_sigma = 1.844 +4 0.017 - cb_sigma = 2.118 +
n=139+-11 7 = n= 145.83 +/- 0.14 J
signal events = 5301}89 +- 1727 - signal events = 2010
X = 91.00 ] - X = 91.00 E
— [

70 80 90 100 110 120 70 8 90 100 110 120
ee Invariant Mass (GeV) eg Invariant Mass (GeV)

f.., =0.0181x0.0003(stat.) = 0.0009(syst.)

ey sample scaled by fake rate to estimate
EWK component of SM background
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Di-Photon

« Dominant bg QCD vy, y-jet, di-jet with

UNIVERSITY OF [CMS /!
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fake MET estimated using EM-fluctuated

jets (fake photons) in data — ff sample
 MET arises from mis-measurement of

event objects

» Re-weighted to model yy hadronic recoil

INn event

-l —
Q o
N N

Normalized Number of Events
3,

CMS Preliminary
s =8 TeV, f Ldt=4.04fb" -

>=1 Jet Requirement

— gg Sample
—— ee Sample
— ff Sample

o b b by b b by b b g by P
0O 20 40 60 80 100120 140 160 180 200 220

diJetPt (GeV)

Normalized Number of Events
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SUSY 2013

T T IJ:
CMS Preliminary
s = 8 TeV, f Ldt=4.04fb" -

_>=1 Jet Requirement

— gg Sample
— ee Sample
— ff Sample

David Morse

oo by b by b b b v v b b by g 17
0O 20 40 60 80 100120 140 160 180 200 220

diJetPt (GeV)




Di-Photon T NOTRE DAME | %

* MET is discriminating variable

 ff MET spectrum
normalized to low
MET yy minus small
EWK component

* NO excess
observed over SM
expectation

10* E

10° =, s=8TeV, [Ldt=4.04fb" —=
>=1 Jet Requirement -
10° 1 Candi
% ] QCD + Electroweak Error
QCD (fake fake sample

10

Number of Events / GeV

SUSY 2013
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GGM Bino-like NLSP signal scan

Myz0=375 GeV, 400<mg,5<2000 GeV
All other superpartners pushed to 3.5 TeV, heavy right-handed squarks

27/8/2013

Limits set on production cross section using binned CLs method with
likelihood-ratio test statistics at 95% confidence level with full propagation
of errors. NLO signal cross sections calculated in Prospino

CMS Preliminary | Ldt = 4.04fb" N's = 8 TeV

CMS Preliminary
det 4.04f5"\'s = 8 TeV

SUSY 2013

GGM bino-like %
m_ = 375 (GeV/c )

f( Jet Requirement
NLO Limits
— Observed
--------- +10 (theory)
—— Expected
+1o (theory)
[ ] +1o (experimental)

David Morse

Excluded

1 | | | | | | | | | | | | | | | |
1500 2000 ) 2000
m, (GeV/c®) m, (GeV/c?)

10
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Single Photon JINOTRE DAME

" Example Diagram

9
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CMS PAS SUS-12-018

1 photons, Jets, high MET

\ _/

Signal
mn
egion

>2 particle flow anti-kT (R=0.5)

pT>30 GeV —
pT>80 GeV nl<2.6 MET>100 Gev  V>-0 1€V

-1
|n|<1.4442 separated from photons 4.04 fb
isolation, shower shape requirements Hy= ) p; > 450 GeV

Jets

David Morse
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Single Photon o

* Dominant bg QCD yjet, dijet estimated using EM-
fluctuated jets in data re-weighted to model y
hadronic recoil in event

» Sub-dominant bg 5 oata T ol Subkg.

v/QCD e—y

EWK Wy,Wjet e y
estimated using data f 10T,  raoomsonrs.- taa0es0075
ey sample and electron '
to photon fake rate

foe, =0.011£0.002(stat.) = 0.001(syst.)

+ Irreducible ISR/FSR 0 Ti00 200 300 £°°[Ge\/]
W/Zy,tty estimated from simulation '

27/8/2013

SUSY 2013

David Morse

« MET is discriminating variable < No excess observed12



Single Photon

GGM Wino-like co-NLSP signal scan

Myzo0=375 GeV, 400<mg3<2000 GeV

All other superpartners pushed to 3.5 TeV,
heavy right-handed squarks

CMS preliminary 4.04tb " Vs=8TeV =1y,=2jets

S
Observed cross section limit [pb]

1500
m(9) [GeV]

m(Q) [GeV]

CMS
[T

preliminary
I I I

4.04tb ' Vs=8TeV =1y,=2jets
T T T]

. m_o = 375 GeV
i == QObserved

------------- Observed =10 signal theory -
'\ — — Expected 1o exp. i

excluded

| [ [ [ [ | [
GGM wino-like 7’ -

1000
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SUSY 2013
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Stop-Higgsino B NOTRE DAME

* Motivated by recent discovery of Higgs boson

 ‘Naturalness’ - low Higgsino and stop masses
reduce fine-tuning

27/8/2013

» Lightest chargino and neutralino are nearly
mass degenerate

SUSY 2013

——  Stopg

Bottom
Top

v

Higgsino
Higgs
/-Boson

David Morse




Stop-Higgsino

" Example Diagram

27/8/2013

CMS PAS SUS-13-014

SUSY 2013

2 photons, 22 b-Jets, high MET

Signal
mn
egion

>2 particle flow anti-kT (R=0.5)

>=1 CSV Medium, >=1 CSV Loose b-tags _
Ieadmg(trallmg) pr>40(25) GeV e bins of MET Vs=8 TeV

-1
|n|<1.4442 In|<2.6 19.5 fb
isolation, shower shape requirements separated from photons

David Morse




Stop-Higgsino Grorie i B

Inclusive 22y, 22 b-jets

» Take advantage of S iy tse8 Ty [Laz 19!
narrow resonance of _
H-vyy

* FIt yy Invariant mass
sidebands outside signal

region to make robust
SM background estimate

—=—— Data

Sideband fit
| MCSignal M _=300,M, , =

27/8/2013

high
SB

Events per GeV

1
1
1

22f
20
8
6L
4f+
12f
10f
y:
6
4
2f
O:

SUSY 2013

100 110 120 130 140 150 160 170

» SM Higgs negligible M,, (GeV)

David Morse

* Inclusive selection split into 3 categories:

=2 b-jets =2 b-jets

>3 b-jet
95<mip<155 MEe<95 or Mps>155 Jets




Stop-Higgsino (NEW) @oiiiasi:

. . L . Inclusive >2y, =22 b-jets
« MET Is dISCI’Imlﬂatlng CMS Preliminary \EYSTerL-cjlt:wfbl

variable AL L

@ Higgs Mass Region
| Data Driven Background
— MC Signal: M —350 My . =135

MC Signal: hd _400 M gZno_soo
..MC Signal: M —300 MH iggsi —290

(V)
-

« MET spectra of sidebands
normalized to signal region
fit integral

[\
W
27/8/2013

Events per bin

\®
-

[

 No excess observed in
any of 3 categories,
which are then

recombined in limit Setting 50720 60 80 1(|)() | 1£o 140
ET (GeV)

SUSY 2013

2 b-jets on h mass | 2 b-jets off h mass 3+ b-jet Total
EXss (GeV) | Data Bkg Data Bkg Data Bkg Bkg
0-20 3 50£13 15 | 11.0£1.8 2 | 1.77+£0.73 18.1+2.3
20-30 2 34+£13 4 79 £ 1.7 1 1.8+11 13.1+2.0
30-40 1.39£071| 5 6.3 £13 1 |0.73£0.84 8.7 £2.0
40-60 058 £068 | 7 22+17 2 |073+0.84 3.8 £1.6
60+ 019+028 | 2 [135£073| O 1.3+1.0 28 £1.0

David Morse




Stop-Higgsino e i

GGM Higgsino-like NLSP signal scan
m; —m_. e =M, = 5 GeV , m, = 505 TeV
All other superpartners pushed to 4 TeV

~/°. BF(H®—h'G)=1

CMS Preliminary, Vs = 8 TeV, f Ldr=19 fb"!

27/8/2013

T T T

~ -0 (Expected)

| ..o (Expected = 10 exp.)
=0 (Observed)

~ =0 (Observed = 10 theory)

SUSY 2013
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Stealth SUSY

Introduce a hidden sector with singlet S and superpartner
singlino S with small mass splitting, and hence inherently low

MET. Sis lightest visible supersymmetric particle (LVSP).

27/8/2013

SUSY 2013

CMS PAS SUS-12-014

2 photons, Jets, low MET

Signal
mn
egion

leading(trailing) pr>40(25) GeV >4 particle flow anti-kT (R=0.5) St cut optimized
In|<1.4442 pT>20 GeV at each squark
isolation, shower shape requirements In|<2.6 mass

David Morse

Vs=7 TeV
4.98 fbl
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Stealth SUSY 5 NOTRE DAME

» St is discriminating variable

ST - EPT T E Pr +E¥liss

jets photons

* St shape invariant under
jet multiplicity

» Main backgrounds are QCD
v-jet,dijet

= CMS
- 4.96 fb!, (s =7 TeV

27/8/2013

=3-jet/2-jet dN/dS, (arbitrary units)

o —t N
||||||||||||||||| I

SUSY 2013

4.96 fbl, (s =7 TeV

e Data, =4-jets ]
---- Expected Background|

[ Syst. Uncertainty
—— M;=900GeV

ST Sideband

3]

» Data-driven BG estimation
using low nJets (shape)
and low St (normalization)
sidebands

Events / (50 GeV)
=
o

W
o

David Morse
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Stealth SUSY E]yavension or GBS

Simplified T2 model (g production, CMS PAS SUS-11-016) with additional singlet/singlino pair

m, =100 GeV, m.—my =10 GeV, m_=1500 GeV, m, = ~m

h '
All other superpartners pushed out of kinematic possibility

BF (B—y§)=1

Stealth SUSY cross-section limit at the 95%
Model-independent limit at the 95% CL CL as a function of squark mass, including

on the product of the acceptance and the predicted NLO + NLL cross section from
cross section for events with >4 jets. stealth SUSY.

27/8/2013

SUSY 2013

-
o

— Observed Limit
---- Expected Limit

[ +1 SD Expected ---- Expected Limit
| ¥ Stealth SUSY

o(ST>S’T“i“) x A (fb)

[ +1 SD Expected

David Morse

D = e
2000 500 1000 1500 2000
sMin (GeV) M, (GeV)
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« Photons provide a clean signature for SUSY searches

« CMS has developed analyses to cover a broad range of final
states and models

27/8/2013

* No excesses are seen over SM expectations

 Exclusion limits have been set in Bino, Wino, and for the
first time Higgsino-like NLSP scenarios

SUSY 2013

—bino-like: probe up to m, <1.2 TeV,m, <1.1 TeV

—stealth bino-like: probe up to m, <1430 GeV
—wino-like: probe up to m, <900 GeV,m, <800 GeV

—higgsino-like: probe up to m. <360 GeV for all Higgsino
masses, as high as m. <410 GeV for some Higgsino massess

David Morse

* 19.5fb™! bino/wino and more higgsino results coming soon
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS 29
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Stop-Higgsino

=2 b-jets =2 b-jets

>3 b-jet
95<mpp<155 Mp<95 OF Mep>155 Jets

CMS Preliminary  Vs=8TeV, [Ldt=19 b’ CMS Preliminary  Vs=8TeV, [Ldt=19fv" CMS Preliminary  Vs=8TeV, [Ldt=19 v’
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2 b-jets on H 2 b-jets off H = 3 b-jets

27/8/2013

—e—— Data —e—— Data —e—— Data

Sideband fit
@77 MCSignal: M =300,M =
= Stop Higg

Sideband fit
=== MC Signal: M_ =300,M =290
Y Stop Higgsino

Sideband fit
i MC Signal: M 2300, M .. =
i Stop Higgsino
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SUSY 2013
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Stop-Higgsino

=2 b-jets =2 b-jets

>3 b-jet
95<mpp<155 Mp<95 OF Mep>155 Jets

CMS Preliminary ~ (s=8TeV, [Ldt=19fb" CMS Preliminary ~ Vs=8 TeV, [Ldt=19 " CMS Preliminary  (s=8TeV, [Ldt=19 "
T T 17T T 17T T T | T 17T | L4 | T 17T | T T T T 17 T T T 11 | T T | T J | T 17T | T 11 T T 1T 717 T 17771 T 17T | T T | T J | T T | T 17T

- @ Higgs Mass Region - @ Higgs Mass Region | @ Higgs Mass Region

B Data Driven Background | [ ]Data Driven Background - Data Driven Background
— MC Signal: MSto =350, MHiggsim:BS — MC Signal: M5mp=350’ MHiggsino=135 - —MC Signal: MStop=350, MHiggsim:lSS
..... MC Signal: MSt p=400, M =300 ... MC Signal: MSt =400, MH =300 MC Signal: MSt =400, MH =300

op Higgsino K op iggsino K op iggsino
...MC Signal: M =300,M =290 ...MC Signal: M =300,M =290 ...MC Signal: M =300,M = =290
Stop Stop Stop Higgsino

Higgsino Higgsino

27/8/2013

Events per bin
T T | T 71 | T 71 |
| | | | 1|
Events per bin
T 171 | T T 1T
Events per bin
| | | T | | |

SUSY 2013

7100 120 14 100 120 14 S0 40 60 80 100 120 140
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