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G MSB and GG M

¢ Gauge-Mediated SUSY Breaking (GMSB)
[ G. Giudice and R. Rattazzi, arXiv:hep-ph/9801271 ]

V. Sola

SUSY couples to normal matter through gauge interactions
Gravitino: LSP

General Gauge Mediation (GGM)
[ P. Meade, N. Seiberg, D. Shih, arXiv:0801.3278 ]

neutralino NLSP a mixture of Bino, Wino and #Higgsino

photon/Z+Gravitino or W+Gravitino final states
-> one or two photons + MET

focus on strong production: many jets
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GG M ‘Pkemomematogv at Ehe LHC

Neutralino NLSP mixture of Bino,

Wino and Higgsino

¢ Bino-like NLSP:
)a)—>y+G or )'ZIO—>ZO+G
¢ Wino-like (co-)NLSP:
)Zf—>y+G or )210—>Z0+G
andor y, =W +G
¢ Bino-#iggsino-like NLSP:
)210—>y+G or )~(10—>Z0+G
andlior  x, = h+G

R-parity is conserved
-> 2 LSPs per event

* MET is defining signature

V. Sola
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GG M wikth Pholowns ok CMS

¢ Search for new physics in events with photons, jets, and

missing transverse energy in pp collisions at s = 7 TeV

[ CMS-SUS-12-001, arXiv:hep-ex/1211.4784 - A. Askew, B. Cox, D. Elvira,
Y. Gershtein, G. Hanson, M. Hildreth, D. Jang, A. Ledovskoy, Y.F. Liu, D. Mason,
D. Morse, U. Nauenberg, M. Paulini, R. Stringer, R. Yohay, S.L. Zang,

C. Autermann, U. Gebbert, M. Hoffmann, P. Schleper ]

¢ Search for Supersymmetry in Events with Photons and
Missing Energy (./s = 8 TeV)

[ CMS PAS SUS-12-018 - A. Askew, M. Arenton, B. Cox, D. Elvira, B. Francis,
G. Hanson, M. Hildreth, Y. Iiyama, D. Jang, Y-F. Liu, D. Mason, D. Morse,
M. Paulini, R. Yohay, C. Autermann, U. Gebbert, M. Hoffmann, P. Schleper, VS ]

¢ SUSY Search in Photon(s)+ jets+E ™S final state with the
Jet-Gamma Balance method (Js = 7 TeV)
[ CMS PAS SUS-12-013 - E. Ntomari, T. Geralis, K. Theofilatos ]
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GG M wikhh Phobtons abk CMS

final states with at least one photon
* Y + Jets + MET

It includes the case of
Bino-Higgsino-like NSLP
Y + h + MET

Results presented in ICHEP 2012
J<4dt = 4.04 fb! 2012 Data @ /s = 8 Tev

MET

2 1 2 2 > 100 Gev

E, > 80 GeV Pr > 30 GeV P Sl T o H-KT (R=0.5)
(AR<0.3) ets = particle flow jets, anti- =0.5),

Eiso < 6 Gev Inl < 2.6 photon rejected

Inl < 1.442 He > 450 GeV H; = scalar sum of p; of all jets with

[ CMS Collaboration, PAS SUS-12-018 ] | Pr>40 GeV and Ini<3, no photon rejection
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GG M wikhh Phobtons abk CMS

final states with at least two photons

¢ YY + Jets + MET

Results presented in ICHEP 2012

S <£dt = 4.04 fb'! 2012 Data @ /s = 8 Tev

2 2 2 1

E, > 40, 25 GeV  p; > 30 GeV
€ 2R3 < 6 Gev Inl < 2.6
Inl < 1.442

[ CMS Collaboration, PAS SUS-12-018 ]
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MET
50 GeV

Jets = particle flow jets, anti-kT (R=0.5),
photon rejected

€, = isolation variables corrected for
pile-up effect in all photon selections




Standard Model Backgrounds

Analysis fake photons - | fake photons - Irreducible
QCD (jets) EWK (electrons) (photons)

Y + Jets + MET Y + Jet
=7
Y v + Jets + MET Y + Jet
e
Dominant
Background
Sub-dominant
BdeSl’O(.(nd Da{-a -
Negligible Driven
Background
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QACD Background

Mis-measurement of MET in QCD processes
-> direct di-photon, photon+ jets, and multijet production
with jets mimicking photons

* v + Jets + MET
looser 7 isolation requirements (7 ) orthogonal to signal selection
p; spectra reweighted in low MET region (MET<100 GeV)
systematic uncertainty of 10% assigned

* Y'Y + Jets + MET
two fake photons (ff) sample used to estimate the background
p; spectra is reweighted to reproduce the €. distribution in data
ee control sample used to derive the systematic uncertainty
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QACD Background

Y + Jets + MET Y v + Jets + MET
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Standard Model Backgrounds

Analysis fake photons - | fake photons - Irreducible
QCD (jets) EWK (electrons) (photons)

Y + Jets + MET Y + Jet W, top
J =7 e -7
Y'Y + Jets + MET Y + Jet W+ 7, W+jet
=Y e >V, j oV

Dominant
Background

Sub-dominant

Background Data - Data -
Negligible Driven Driven
Background
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EWK Background

Events with true MET and an electron misidentified as a photon
-> compare Z—-ee events to Z—eY to obtain e— Y fake rate

BW @ Crystal Ball Signal, RooCMSShape background -- ee BW @ Crystal Ball Signal, RooCMSShape background -- eg
I = 1.720 +- 0.041 I'= 1.15 +- 0.26

; - T T T [ M= 90528 +/- 0. ;4000""""""""'Mz'.ébd.ds'»f/ld.fo
8 70000 [eMS Preliminary 2012 alpha = 0.827 +- 0030 8 3500 FCMS Preliminary 2012 alpha = 1.16 +/- 0.
~ 60000 fe=8TeV, f L=4.04fb" bkgd events = 37278 +/- 1576 ~ 3000 fe =8 TeV, f L=4.04fb" bkgd events = 3 +/-378
= § e'e sample c = 0.1156 +/- 0.002 = ey sample ¢ = 0.04397 +/- 0.00036
@ 00000 cb_mean = 0.108 +/0.059 @ 2500 cb_mean = -0.1377-4- 0.073
c - ! cb_sigma = 1.844 +40.017 c cb_sigma = 2.118 +#1 0.096
© 40000 ; -=19 ) =19
) - €€ sample | n=13.94/-1.1 T 2000F- ey sample n= 145.83 +/-0.14

30000 ‘ signal events = 530089 +/- 1727 1500 signal events = 20184 +/- 374

20000 = x= 91.00 = 1000 x= 91.00

10000 & — 500F i /  \

020 80 90 100 110 120 0 80 90 100 110 120
ee Invariant Mass (GeV) eg Invariant Mass (GeV)

Ratio of signal used to estimate fake rate f,_ .

average value: f, ,, = 0.0181 % 0.0003(stat) * 0.0009(syst)
pr > 80 Gev: f, ., = 0.011 £ 0.002 (stat) £ 0.001 (syst)
Inclusive electron spectrum scaled by f, , to obtain EWK bkg
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Standard Model Backgrounds

Analysis fake photons - | fake photons - Irreducible
QCD (jets) EWK (electrons) (photons)

Y + Jets + MET Y + Jet W, top ISR/FSR
=7 e —>Y Z/W/top + 7
Y'Y + Jets + MET Y + Jet W+ 7, W+jet
i— e 1, joy HWHTY

Dominant
Background

Sub-dominant

Background Data - Data - Simulation

Negligible Driven Driven MadGraph,

Bac kground 50% uncertainty
on the Xsec
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Single Photon MET Spectrum

CMS preliminary 4.04fb '\s=8TeV_>1y>2 jets

% 108 IIII|IIII|III;|I6;;;IIII|III\|\/>I1|-0ItIaIII§MIka§I.§
- 107 v/QCD -e—w _%
£ 10f Wiz ty 1 No excess observed over
O 1 E f
3 184 GGM my/my/m,. [GeV] 1 SM expectations
- 103 oo, —1200/1120!375—1040/960!375_z
O E
107 . . .
2 10 Six bins in MET > 100 GeV
210-1 used to set limits
103 (100, 120, 160, 200, 270, 350, o)
é 1 &
S oa[ T T T Ty
& 0 100 200 300 400
£ [GeV]
Bin 0 Bin 1 Bin 2 Bin 3 Bin 4 Bin 5
Emis bins [GeV]  [100,120) [120,160) [160,200)  [200,270) [270,350)  [350,c0)
QCD  394+41 267%51  60x17 53.7+14.6 145147 89+43
EWK 10.6+29 134437 69+19  56+1.6 19405 1.0+03
ISR/FSR  2.0+1.2 13.8+85 56435 59437 17413 47447
Background ~ 406+42 294452  73+17 6524151 182449 14.6+64
Data 392 239 89 55 20 8
Signal 11348  281+15 277+15 538425 529425  640+29
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‘Dw‘?’ko&mh MET S

Number of Events / GeV
. 3 & 5

—
Q

I Electroweak

CMS Prellmlnary

Vs =8 TeV, | Ldt = 4.04 fb™
>=1 Jet Requirement

vy Candidate Sample
V///] QCD + Electroweak Error
[ QCD (fake fake sample)

—— GGMyy (1100_720_375)
——— GGMyy (1400_1420_375)

Coond ool vl ||||||ui

Fea&rum

No excess observed over
SM expectations

five bins in MET > 50 GeV
used to set limits

. [50, 60, 70, 80, 100, o)
§ 8g 50 100 150 %200 250 =
E?iss [GeV]

ET"™ bins 50-60 GeV 60-70 GeV 70-80 GeV | 80-100 GeV | > 100 GeV
Observed Events 464 151 38 23 11
EW Background 108+ 05+ 05 54+03+03 35+£03+02 | 35+03+02 | 46+03+02
QCD Background | 489.9 +227 £1042 | 1518 £127 £423 | 486 +£7.3+182 | 264+ 55+ 117 | 129+37 £ 119
Signal Yield 3.54 + 0.65 2.58 + 0.56 2.92 +0.59 89+ 1.0 2754 + 58
Expected Limit 11.234 pb 6.756 pb 2.066 pb 0.496 pb 0.011 pb
Observed Limit 9.908 pb 6.489 pb 1.716 pb 0.404 pb 0.0074 pb
V. Sola 14
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Limit Calculation

¢ Systematic errors

Systematics Uncertainty [%]
Integrated luminosity 5
Pile-up study 0.6
Photon Data/MC scale & ID 0.1

Jet energy scale 2
Renormalization scale 11-22
PDF error on cross section 3-44

PDF error on acceptance 0.1-6.8

Theory errors: scale and PDF errors combined at each
point and cross section varied by 10
Single Photon analysis include an extra 3% trigger unc

¢ Limit calculation

CL; method with likelihood-ratio test statistics at 95%
full propagation of errors

GGM Signal Monte Carlo (9rid scan)

Prospino used for NLO cross section
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Iv\&e.rpre&a&mw Bino~-Lilke NLSPY

Bino-like GGM scan
m,o = 375 GeV, My ok guine = $00-2000 GeV (step 80 GeV)
sleptons and all gauginos except NLSP @ 3.5 TeV

Y + 22 jets + MET YYrY + 21 jets + MET
_ ]CMIS pnlalimilnar): — TLO4fb Tys=8TeV >ty,>2 jetls &_2000 |
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& 1800 = >
— L ] S CMS Preliminary
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= 16001 - g |
C excluded ] GGM bino-like 7°
B ] 1500— m. =375 (GeV/c)
1400+ — >1 Jet Requirement
B ] | NLO Limits
» 4 = == QObserved
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800 I —— Observed _‘ B |
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600 :_ Expected +1c exp. _: | |
: I | | ; S0 B
n L | 1 | | L L L Ll | L L | | | 1 I I 1 | I 1 1 1
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Im&mpreﬁa&mw Wino-Lilkke NLST

Wino-like GGM scan
m,o = 375 GeV, My ok guine = $00-2000 GeV (step 80 GeV)
sleptons and all gauginos except NLSP @ 3.5 TeV

Y + 22 jets + MET YYrY + 21 jets + MET
CMS preliminary 4.04tb ' ys=8TeV =>1y,>2jets 2000 | | : | : . .
> ! A . I i © L IE : CMS Preliminary i
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F - |\ m,=375GeV ] S i N\ |
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Suann mMary

CMS analyses designed to cover a broad range of final
state SUSY GMSB scenarios

results updated with 4.04 fb! of 8 TeV data from 2012
running

= data-driven background extimate for QCD/EWK sources

= no excesses seen over SM predictions

Exclusion limits set in bino- and wino-like neutralino NLSP

= bino like: mg . < 1.2 TeV, mg,;., < 1.1 TeV excluded
= wino like: m < 900 GeV, m < 800 GeV excluded

squark gluino
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Bac:kfup
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CMS Preliminary, L = 47" Vs=7TeV, > 1y, > 3jets
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