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Motivation
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Motivation and overview

v+ p?iss final states well motivated in gauge-mediated Bino-like %0
supersymmetry breaking scenarios: — 1
@ Gravitino G (essentially massless) is LSP % cos?(By) %oeé +y
1 55(1) is NLSP and promptly decaying .éo,s— d ]
@ Esp. bino NLSPs decay with high probability to G § |a ~

p y wi igh pr ility - + v g SInZ(GW) %0_>G +7
@ R-Parity conservation — stable LSPs lead to pJ's* W ===
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Motivation and overview

v+ p?iss final states well motivated in gauge-mediated Bino-like io
supersymmetry breaking scenarios: T
| =1
@ Gravitino G iall less) is LSP g cos’By) ~0_ X
ravitino G (essentially massless) is g w. X1_>G +y
o 55(1) is NLSP and promptly decaying Posl |
— £
@ Esp. bino NLSPs decay with high probability to G g ~
P y gh pi y - + v g s|n2(ew) %0—>G +7
@ R-Parity conservation — stable LSPs lead to pJ's* L 1 =
Latest SUSY photon results: % 200 400 600
P mGE) (GeV)
Reference Title Journal (presented at)
SUS-17-012 | Search for SUSY using events with a photon, a lepton, approved, target JHEP
and missing transverse momentum in pp collisions at 13 TeV (SUSY2018)
SUS-16-046 | Search for gauge-mediated SUSY in events with at least one photon PLB 780 (2018) 118
and missing transverse momentum in pp collisions at 13 TeV (SUSY2018)
SUS-16-045 | Search for SUSY with Higgs boson to diphoton decays PLB 779 (2018) 166
using the razor variables at 13 TeV (SUSY2018 poster

poster by Jiajing Mao)
SUS-16-047 | Search for SUSY in events with at least one photon, missing transverse JHEP 12 (2017) 142
momentum, and large transverse event activity in pp collisions at 13 TeV | (SUSY2018)

SUS-15-012 | Search for SUSY in events with PLB 769 (2017) 391
photons and missing transverse energy (SUSY2016)

SUS-14-016 | Search for SUSY in electroweak production with photons PLB 759 (2016) 479
and large missing transverse energy in pp collisions at 8 TeV (SUSY2016)
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Motivation and overview

v+ p?iss final states well motivated in gauge-mediated

supersymmetry breaking scenarios:

Gravitino G (essentially massless) is LSP

Esp. bino NLSPs decay with high probability to G + ¥

]
o 55(1) is NLSP and promptly decaying
o
o

R-Parity conservation — stable LSPs lead to p%'iss

Latest SUSY photon results:

Bino-like %,

cos?(6y,) ~0
%

branching fraction
o
n

sin(8,,)

]
%

~

G+y

% 200 400

Reference Signature Journal (presented at)
SUS-17-012 Y + I+ pFee at 13 TeV approved, target JHEP
(SUSY2018)
SUS-16-046 v + pTe at 13 TeV PLB 780 (2018) 118
(SUSY2018)
SUS-16-045 H— v at 13 TeV PLB 779 (2018) 166
(SUSY2018,
poster by Jiajing Mao)
SUS-16-047 v+ Hr + pP™* at 13 TeV JHEP 12 (2017) 142
(5USY2018)
SUS-15-012 | 2y + p'™* at 13 TeV (2015 data set) | PLB 769 (2017) 391
(SUSY2016)
SUS-14-016 v + pTe at 8 TeV PLB 759 (2016) 479
(SUSY2016)
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v+ p?iss final states well motivated in gauge-mediated Bino-like io
supersymmetry breaking scenarios: T
| =1
@ Gravitino G (essentially massless) is LSP g | cos’(By) ~0__X
N ’ g X=G+y
o X(1) is NLSP and promptly decaying Posl |
— £
@ Esp. bino NLSPs decay with high probability to G g ~
P y gh pi y - + v g s|n2(ew) %0—>G +7
@ R-Parity conservation — stable LSPs lead to pJ's* L 1 =
Latest SUSY photon results: % 200 400 600
P mGE) (GeV)
Reference Signature Journal (presented at)
SUS-17-012 ~y+ 1+ pT"“ss at 13 TeV approved, target JHEP
(SUSY2018)
SUS-16-046 vy + p'—l!'iss at 13 TeV PLB 780 (2018) 118
(SUSY2018)
SUS-16-045 H— 7y at 13 TeV PLB 779 (2018) 166
(SUSY2018,
poster by Jiajing Mao)
SUS-16-047 v + Hr + p™* at 13 TeV JHEP 12 (2017) 142
(SUSY2018)
SUS-15-012 2y + p7™ at 13 TeV (2015 data set) | PLB 769 (2017) 391
(SUSY2016)
SUS-14-016 v + pys at 8 TeV PLB 759 (2016) 479
(SUSY2016)
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Data set and background overview

Data set:
@ 2016 data set with 35.9 fb~! at 13 TeV
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Data set and background overview

. CMS supplementary 35.9 fb™ (13 Tev)
Data set: EBOOO*N*W'HLIUBDDB ;Data.yfje‘ts ]
@ 2016 data set with 35.9 fb~! at 13 TeV 2 V() mt(y)
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Data set and background overview

Data set: CMS supplementary 35.9 b (13 Tev)
EBOOO*N%"'HHUBDDB ;Data.yfje‘ts ]
@ 2016 data set with 35.9 fb~1 at 13 TeV 2 EV(y) mH(y)
L6000 Hle-yM@lDibosoni 2
w o,
syst
Overview over contributing backgrounds: 4000r +
b
. . . 2000F =3
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Data set and background overview

. CMS supplementary 35.9 fb* (13 TeV)
Data set: Soooo N Datafiyriets ]
@ 2016 data set with 35.9 fb~1 at 13 TeV 2 EV(y) mH(y)
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Data set and background overview

. CMS supplementary 35.9 fb™ (13 Tev)
Data set: Soooo NI Darafiyriets ]
@ 2016 data set with 35.9 fb~1 at 13 TeV 2 EV(y) ()
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Background estimation
©00

e— ~ background estimation

@ electron-like object: photon candidate definition but with matching cluster of hits
in pixel detector

@ determine probability R that an electron-like object is misidentified as a photon

v/e
@ select control sample with electron-like objects and same selection criteria

@ scale control sample with misidentification probability

+ Electrons reconstructed as photons

cC A

— Electron selection

Electron selection scaled by R /e
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Background estimation
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e— ~ background estimation

>
Validat 8 2Tev < H!, |Agi>0.3
P —— Direct simulation )
2
@ Generated electron matched to g . ey prediction +
w A
reconstructed photon compared WY Total uncertainty
to prediction T
y 3
Jr
- . =
@ Similar procedure for j — ~ 2
. -] &
background in 5 Z
i . L Il Il
v + | + pT"° analysis % 200 400 600 800
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Background estimation
ocoe

Fit of Vv and (v + jets/ fake leptons) background

Fit of Vy and (v + jets/ fake leptons) background

to data in control region

Fitting MC simulation of two backgrounds V~ and (y + jets/ fake leptons)

@ remaining subdominant backgrounds fixed / subtracted
@ template variable needs to separate the shapes of the two fit components
@ uncertainties in normalization are canceled, simulated shape uncertainties
remain
CMS 359 b (13 Tev) - 35.9 fb™ (13 Tev)
c B 3T E 3
3 4 Data SFy,; 0.87+0.06 p 1300;&2"1?‘"“] toaa  [Towlft
‘B 3000 SF, 0 1.83£0.06] < 1600 vy —Misid. uproxy
§ Il Fixed bkg NN 0, e % 1400§ N Fit uncertainty El
— Total fit %% o, 1zoo§\ 3.4 4 0
1] 7 Ostat > 5 33 \¢ E
2000 15 D 1000E- *N}‘\\\\ \)\\}\‘N‘\ AN ‘y
—e— SOO? 7; +
g + 600; 7; —~
1000+ 1S 400F- —: +
=3 200 —
L5 =3
it Eg A
o 53 S R AR LT .
B2 = R
0 2 3 05 0‘5 ‘1 1‘.5 Z‘

hannes Schulz
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Selections
.

Signal region selections

@ pr(vy) > 35GeV

@ 1/, either e or pu with pr> 25 GeV @ pr(vy) > 100 GeV

@ AR(v,l)>0.8 @ |Ap(v,pT) > 0.3

@ if ey channel: Mey, > Mz + 10 GeV o p?iss > 350 GeV

@ Mr(Br(/), Br") > 100 GeV @ H)= pr(y)+ Hr> 700 GeV
@ P > 120 GeV

pr(vy) > 180 GeV

Ag(pTs, jet) > 0.3, if pr (jet) > 100 GeV
Mr(Br(7), Bf™*) > 300 GeV

prss > 300 GeV

ST =31 pr(w) + P > 600 GeV
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Results

Events / bin

o CMS  Preliminary 359 fb™ (13 Tev)
$ observed | iy / Wwy / wzy e>yfake | j>yfake  fake leptons Wy/2zy Nunc >
O Empcamon fwssmon e o -mon 3
o (Gev) ; : =
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2
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3
>
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miss. :
@ v+ Hrt + pT™%: 6 search regions
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o
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©
a
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Interpretation
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Interpretation - strong production - T6Wg

CMS preliminary 35.9 fb™* (13 Tev) CMS 35.9 fb* (13 TeV)
% PP - 3,3 - qaX X" - ywG 138 B 2s00|PP - @4 - as K ywS g
e bserved + 10, 18T Q bserved + 16y, =
] £ 2000 = 2
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Interpretation
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Interpretation - strong production - ThWg

CMS preliminary 35.9 fb* (13 Tev) CMS 35.9 fb* (13 TeV)
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Interpretation
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Interpretation - electroweak production - TChiWg

CMS Preliminary

35.9 fb™ (13 TeV)

pp - XXX - w6,
Expected £ 10
Expected £2 0

¥ -6

Observed

cross section (fb)

, ,
700 600

| ,
800 1000 1200
My sp (GEV)

wad + 1+ L

TChiWg: up to myLsp < 0.9 TeV excluded

@ myisp < 0.95TeV in electroweak
TChiNg model with v+ H/Z final
states set by v + p7'®

95% CL upper limit / cross section (pb)

107

107

35.9 b (13 Tev)

Cross section
— Theory uncert. -|
—— Observed limit
- Expected limit
68% expected
95% expected

ss!L{Td + L

L
800 1000
My sp (GeV)

1
600
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Interpretation
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Interpretation - electroweak production - GGM

full model based on gauge mediation

@ full set of processes contribute to signal

point
@ bino mass my = M~0 CMS 35.9 fb (13 TeV)
=
@ wino mass m = M~0 = M~ % 1200| GGM electroweak production §
2
e 1100 = Observed + theory uncertainty 10" =
E’S === Expected + experimental uncertainty E %
= @
] »
Z/H 1] o
11 &
~0 (ij/:J_, v/Z 1 5=
p X2 . BT . - 7: g+
L X1 G E =
- 0 ~ E £® 3
P e XT G 41 g @
~i o 1 g
X " /7 EI
El O
ot 4 °
W £ NLO exclusion ] Ire)
300Ee! b b oA o
300 400 500 600 700 800 900 1000

GGM: up to myLsp < 0.98 TeV excluded
mg (GeV)
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Interpretation
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Summary

Summary:
@ Several new results from the CMS SUSY photon group using the 2016 data set
@ limits in scenarios of strong production of colored particles reach 2 TeV threshold

@ limits in scenarios of electroweak production of charginos and neutralinos reach
1 TeV threshold
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Summary

Summary:
@ Several new results from the CMS SUSY photon group using the 2016 data set
@ limits in scenarios of strong production of colored particles reach 2 TeV threshold
@ limits in scenarios of electroweak production of charginos and neutralinos reach
1 TeV threshold

There is more:

. oms sonaatey cMs 35915 (13 Tev) cms 359" (13 TeV) 3591 (13Tev) 3591 (13 TeV)
3 1055 sacton B B PR g ¢
g [ECEE B TR R
g Qssenaimi S Expocted + expormontalunceriainy |10 Ecpocted £ exparimenta uncartanty
g 107} " E I T NN excuson
2 feapond kR 1
3 ook e AR 11 ¢ I g

w0k | :
SR Koo & - yin28 H ) E
PR il LS ety

Mysp (GEV) m (Gev)
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Summary

Summary:
@ Several new results from the CMS SUSY photon group using the 2016 data set
@ limits in scenarios of strong production of colored particles reach 2 TeV threshold

@ limits in scenarios of electroweak production of charginos and neutralinos reach
1 TeV threshold

There is more:

s, semusTey cms 350" (13 Te) cMs 3591’ (13 Tev) cms 3591 (13 Tev) cms 3591 (13 Tev)

) TR

sofpp - - R0 o~ ain e

sLpp X/, S

Xi-Xesoft, X - yI(HZ)G

00500 800 1000,
Myap (GEV)

954% CL upper it on cross section (1)

951% CL upper i o cro

10°

H

95% CL upper

my (Gev) m (Gev)

And that’s not all:

@ Several CMS SUSY photon analyses in preparation:
° 2v+ meiss: pre-approved
@ ~ + b jets: approval talk next week
@ further analyses in development

@ combination of photon analyses in preparation including two new full SUSY models
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BACKUP
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Interpretations
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CMS (preliminary) July 2018

& qai} - anG

& — (qai - qa7G/aaii — aqWG)

& qai. i} - 2G

a—ail > @G

G- (i} —+ e1G/aiy —» qWG)

pp = T (0/2)(1/Z)GE + Xoon

= o 22GG + X

Overview of SUSY results: GMSB / GGM

36 b (13 TeV)

pp — BE

5+ MEq: arXiviI71108008 (max. exclusion)
7+ Hrp: arXiv:1707.06193 (max, exclusion)
7+ MEr: arXiv:1711.08008 (max. exelusion)

5+ s arXiviI707.06193 (. exchusion)

7+ £+ MEg: SUS-17-012 (max. exclusion)

2¢ opposite-sign: arXiv:1700.08008 (max. exclusion)

pp —

7+ MEp: arXiv:1711.08008 (max, exclusion)
7+ Hy: arXiv:1707.06193 (max. exclusion)
5+ MEx: arXivi 71108008 (. excusion)
7+ Hyp: arXiv:1707.06193 (max. exclusion)

5+ £+ MEq: SUS-17-012 (max. exclusion)

ey
AN AT 03008

7+ £+ MEg: SUS-17-012 max. exclusion)

5+ MEr: arXivi1711.08008. (1) = 112

pp = 1}

X8 XD 8 1)
+ arXiv:1709.05406
B b arXiva1709.0450
B 172 arXivi 709,034
combined: arXiv:1801.03977
DOPPOSIEESSIgn: arXiv:1709.05908 BF = 50
S8/ r,: arXiv:1700.05406 BF - st

Corbineds REXIVAIRD1 03057 BF = 50

+ arXiv:1709.00384 BF = 50%

A iv: 170008008
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combined: arXiv:180103077
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Non-genuine p™ background estimation

Jet control region

@ no photon, Ht trigger
@ EMHr > 700/2000 GeV

Estimation method

@ use prT"iSS shape of jet control region

@ correct shape for difference in photon and jet selection:
pT'™ (jet selection) — pJ's* (jet selection) - scale

@ normalized to photon selection in p?iss < 100 GeV region

+ Photon selection

Jet selection

—— Shifted jet selection
Prediction

v

miss

T
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Nongenuine pT background estimation

Validation

@ direct v + jets and QCD multijet simulation
@ compared to method applied to simulation
@ left: low EMHT, right: high EMHt

35.9 fb! (13 TeV) 35.9 tb™ (13 TeV]
% 10* S simulation ' ‘ %) 10*: CMS Simulation ‘ Y ‘ El
[0 HY <2TeV, |Ag>0.3 0] E 2TeV < HY, pg>0.3 E
E 10 —}— Direct simulation T@ 10 —}— Direct simulation i
[ c E 3
L% 3 Nongenuine p7*** prediction é’ ; Nongenuine p™* prediction E
% Total uncertainty 1; % Total uncertainty 3
5 10E 5 §
S E S E
E [ E ]
5 107°e 5 Z
z EZ Valldatlon
2+ 2
o . o
5 L g %W///% /%{//%
L | P L
% 200 400 600 800 % 200 600 800
p.VrﬂISS (Gev) TISS (Gew
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Interpretations

000080000000 00000

35.9 fb™ (13 TeV)
T T T
-~ Cross section

—— Theory uncert
—— Observed limit
- Expected limit
68% expected

95% expected
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Validation SUS-16-047
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Results SUS-16-047
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Uncertainties SUS-16-047

Relative uncertainty (%)
Source background  signal
Nongenuine p1'* 14-250
e— 30
Integrated luminosity 2.5 2.5
Photon scale factors 2 2
Trigger 4 4
PDFs 5-10
Renormalization/factorization scales 1627 0-1
Jet energy scale and resolution 2-20 1-6
Pileup 0.2-6 0.2-10
ISR 0-10
Fast simulation pTs* modelling 0.5-6

Johannes Schulz Searches for supersymmetry in final states with photons with CMS
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Results SUS-16-047

HY (GeV) <2000 >2000

piss (GeV) (350,450)  (450,600)  >600 | (350,450) (450, 600) >600
Nongenuine p | 96T Tl 22733 <01]|283+251 1314074 0737 7%
TW 513+ 97 291455 11.6+25|158+£058 070+£037 123043
it 171+ 54 56+26 19404 |097+038 045+029 0404022
vz 1154+ 24 97+18 71+14(012£0.07 025+011 021+0.10
e— 7y 1514+ 46 63+19 14+05(021+£010 013+£0.07 0.05+0.04
Total bkg. 104.6£165 530486 220430 |572+£260 2.84+0.89 2.62+0.99
Data 103 82 21 6 10 4

T5Wg 1600 100 | 04+ 01 08%01 0701 |366=£040 3.09:+£040 241:+0.32
Tégg 1750 1650 | 05+ 01 08+01 4904 |031£004 046007 412032
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Validation SUS-16-046
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Selection SUS-16-046

Region Selection

prs filters

At least one reconstructed vertex
Preselection At least one photon with pr > 180 GeV

AR(7,jet) > 0.5

AG(PIIss jet) > 0.3rad, if pr(jet) > 100 GeV

Preselection

Control priss > 100 GeV

region M (7, p0iss) > 100 GeV
piss < 300 GeV or My (v, piss) < 300 GeV
Preselection

Validation ~ p[iss > 300 GeV

region M (7, p0iss) > 300 GeV
ST < 600 GeV
Preselection

Signal pmiss > 300 GeV

region M (7, p0iss) > 300 GeV

ST > 600GeV

Johannes Schulz Searches for supersymmetry in final states with photons with CMS
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Uncertainties background SUS-16-046

V() Y+ets e—y tt(y) Diboson
Fit uncert. of statistical origin 6.9 3.3 — - -
Scale uncertainty in shape 3.8-9.0 28-71 - - -
PDF uncertainty in shape 1.6-3.8 19-82 — - -
JES uncertainty in shape 50-59 09-32 — — —
Tag-and-probe fit — — 50 — -
Cross section, PDF, scales — — — 30 30
Integrated luminosity - — - 2.5 2.5
Photon eff. scale factor - - — 2.0 2.0
Trigger efficiency - - - 0.4 0.4

Johannes Schulz Searches for supersymmetry in final states with photons with CMS
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Uncertainties signal SUS-16-046

Signal scenario

Source EWK Strong production
Statistical MC precision per signal region 1-28 2-50

Fast simulation uncertainty in piss <0.1-5 <0.1-25

Scale uncertainty in shape <0.1-1.8 <0.1-1.2
Integrated luminosity 2.5 2.5
Trigger efficiency 0.4 0.4
Photon scale factor 2.0 2.0

Pileup <0.1-0.4 <0.1-2.1

ISR reweighting 0.6—-3.0 -

Johannes Schulz Searches for supersymmetry in final states with photons with CMS
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Results SUS-16-046

S%: 600—800 GeV S}’: 800—1000 GeV

Yield Ostat Usyst Yield Ostat - syst
V() 213 44 213 V() 768 19 8.1
YHets 5 11 0.5 YHets 44 12 04
tt(7y) 13 57 3.9 tt(7y) 80 38 24
e—y 29 09 142 e—y 92 05 46
Diboson 7 28 2.1 Diboson 19 17 06
Total 267 79 260 Total 1002 47 9.7
Data 281 Data 101

S-F: 1000—1300 GeV S-}: >1300 GeV

Yield ostar Osyst Yield 0gtar Osyst
V() 350 13 39 V(7) 126 07 1.6
YHets 42 13 04 Y+ets 1.1 05 04
tt(7y) 35 09 11 tt(y) 07 05 02
e—y 47 04 23 e—y 1.5 02 08
Diboson 54 3.0 16 Diboson 1.7 17 05
Total 528 3.6 50 Total 176 20 19
Data 65 Data 24

Johannes Schulz Searches for supersymmetry in final states with photons with CMS
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Fit electron channel SUS-17-012
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Results SUS-17-012
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Uncertainties SUS-17-012

Source of uncertainty SUSY signal e — 7 fakes jet— < fakes jet— ffakes @V +9  rare EWK

Jet energy scale 0-10 - — — 0-156 0-225
Jet energy resolution 0-10 - - - 0-13.6 0-23
ID and trigger efficiency 4 — - - 14-65 13-65
Cross section 4.3 -36.8 — — — - 50
e-faking-photon shape - 8.0 —50.5 - - - -
Jet-faking-photon shape - — 8.1 —56.1 — - -
Fake-lepton shape - - - 0—424 - -
ISR corrections - - - - 2.6 —57.8 -
Normalization scale - - - 20 20 -
Pileup uncertainty 2-10 - - - - -
Integrated luminosity 26 - — — — 26

Johannes Schulz Searches for supersymmetry in final states with photons with CMS
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