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Photon final states in Supersymmetry
One possible scenario: Gauge-mediated supersymmetry breaking

Gauge-mediated SUSY breaking

• virtually massless (stable) G̃ as LSP
• χ̃01 as NLSP
• NLSP is Bino-like: high probability for
χ̃01 → G̃ + γ

NLSP mass [GeV]
0 100 200 300 400 500 600 700 800 900 1000

B
.R

.

0

0.2

0.4

0.6

0.8

1 G
~

 + γ → 0
1

χ
G
~

 Z + → 0
1

χ

B.R. of wino-like NLSP

Public results with photons at 13TeV
CADI-label Signature Journal Data set
SUS-15-012 γγ Phys. Lett. B 769 (2017) 391 2015
SUS-16-012 H→ γγ + Razor PAS 2015
SUS-16-023 γ + Sγ

T PAS 2015
SUS-16-045 H→ γγ + Razor Phys. Lett. B 779 (2018) 166 2016
SUS-16-046 γ + Sγ

T Phys. Lett. B 780 (2018) 118 2016 (2)
SUS-16-047 γ + Hγ

T JHEP 12 (2017) 142 2016 (1)
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SUS-16-047 (γ + Hγ
T )

Focus on strong production, high-pT jets
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Event Selection
• ≥ 1γ, pγ

T > 100GeV, |η| < 1.4
• pmiss

T > 350GeV
• Hγ

T > 700GeV
• |∆φ(pmiss

T , γ)| > 0.3

Hγ
T = pγT +
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jets pT
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SUS-16-047 (γ + Hγ
T ): Backgrounds

γ+jets

• multijet events are similar, σE (γ) << σE (jet)
• Select multijet events with pmiss

T < 100GeV
• Rescale pmiss

T of multijet events so their spectrum
matches with γ+jet spectrum (χ2 fit)

• Scale factor 0.9 (0.84) for high (low) Hγ
T

• Systematic uncertainty from deviation from unity
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e→ γ

• Tag-and-probe method
• fe→γ = 2.7%

• 30% systematic
uncertainty

γW, γZ, γtt̄

• Estimated from
simulation
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• Tag-and-probe method
• fe→γ = 2.7%
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Probe full prediction in two
exclusive validation regions:
• 1.4 < |ηγ | < 2.4
• 100 < pmiss

T < 350GeV
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SUS-16-047 (γ + Hγ
T ): Results+Interpretation
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• Deviations in medium pmiss
T bins

• Not compatible with new physics models
• 1.9 and 2.7σ significance
• Considered fluctuations, set limits
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• T6gg: up to mq̃ > 1650GeV

• T6Wg: up to mq̃ > 1550GeV
• T5gg: up to mg̃ > 2000GeV
• T5Wg: up to mg̃ > 1900GeV

 (GeV)q~m

1200 1400 1600 1800 2000

 (
G

eV
)

10 χ∼
m

500

1000

1500

2000

2500

1

10

 (13 TeV)-135.9 fbCMS   

G
~

γ → 1
0χ∼, 1

0χ∼ q→ q~, q~q~ →pp 

NLO-NLL exclusion

theoryσ 1 ±Observed 

experimentσ 1 ±Expected 

95
%

 C
L 

up
pe

r 
lim

it 
on

 c
ro

ss
 s

ec
tio

n 
(f

b)

Marius Teroerde (RWTH Aachen) Searches for SUSY with photons (CMS) 7.-9. May 2018 5 / 9



SUS-16-047 (γ + Hγ
T ): Results+Interpretation

E
ve

nt
s 

/ G
eV

1−10

1

10

210

310

410
|>0.3φ∆ < 2TeV, |

γ
TH

Data
miss

T
pNongenuine 

Wγ
ttγ

Zγ
γ→e

T5Wg 1600 100
T6gg 1750 1650
Total uncertainty

N
or

m
al

iz
at

io
n

Validation

 (GeV)miss
T

p
0 200 400 600 800B

kg
. f

ra
c.

D
at

a/
P

re
d.

0
0.5

1
1.5

CMS
 (13 TeV)-135.9 fb

E
ve

nt
s 

/ G
eV

3−10

2−10

1−10

1

10

210 |>0.3φ∆, |
γ
TH2TeV < 

Data
miss

T
pNongenuine 

Wγ
ttγ

Zγ
γ→e

T5Wg 1600 100
T6gg 1750 1650
Total uncertainty

N
or

m
al

iz
at

io
n

Validation

 (GeV)miss
T

p
0 200 400 600 800B

kg
. f

ra
c.

D
at

a/
P

re
d.

0
1
2
3

CMS
 (13 TeV)-135.9 fb

• Deviations in medium pmiss
T bins

• Not compatible with new physics models
• 1.9 and 2.7σ significance
• Considered fluctuations, set limits

T6Wg

q̃∗

q̃

χ̃0

1

χ̃±

1

W±

p

p

γ

˜G

˜G

f

f ′

q

q

Limits:
• T6gg: up to mq̃ > 1650GeV
• T6Wg: up to mq̃ > 1550GeV

• T5gg: up to mg̃ > 2000GeV
• T5Wg: up to mg̃ > 1900GeV

 (GeV)q~m

1200 1400 1600 1800 2000

 (
G

eV
)

  1
±

0/ χ∼
m

500

1000

1500

2000

2500

1

10

 (13 TeV)-135.9 fbCMS   

G
~±/Wγ →   1

±0/χ∼  , 1
±0/χ∼ q→ q~, q~q~ →pp 

NLO-NLL exclusion

theoryσ 1 ±Observed 

experimentσ 1 ±Expected 

95
%

 C
L 

up
pe

r 
lim

it 
on

 c
ro

ss
 s

ec
tio

n 
(f

b)

Marius Teroerde (RWTH Aachen) Searches for SUSY with photons (CMS) 7.-9. May 2018 5 / 9



SUS-16-047 (γ + Hγ
T ): Results+Interpretation

E
ve

nt
s 

/ G
eV

1−10

1

10

210

310

410
|>0.3φ∆ < 2TeV, |

γ
TH

Data
miss

T
pNongenuine 

Wγ
ttγ

Zγ
γ→e

T5Wg 1600 100
T6gg 1750 1650
Total uncertainty

N
or

m
al

iz
at

io
n

Validation

 (GeV)miss
T

p
0 200 400 600 800B

kg
. f

ra
c.

D
at

a/
P

re
d.

0
0.5

1
1.5

CMS
 (13 TeV)-135.9 fb

E
ve

nt
s 

/ G
eV

3−10

2−10

1−10

1

10

210 |>0.3φ∆, |
γ
TH2TeV < 

Data
miss

T
pNongenuine 

Wγ
ttγ

Zγ
γ→e

T5Wg 1600 100
T6gg 1750 1650
Total uncertainty

N
or

m
al

iz
at

io
n

Validation

 (GeV)miss
T

p
0 200 400 600 800B

kg
. f

ra
c.

D
at

a/
P

re
d.

0
1
2
3

CMS
 (13 TeV)-135.9 fb

• Deviations in medium pmiss
T bins

• Not compatible with new physics models
• 1.9 and 2.7σ significance
• Considered fluctuations, set limits

T5gg

g̃

g̃

χ̃0

1

χ̃0

1

p

p

γ

˜G

˜G

γ

q q

q q

Limits:
• T6gg: up to mq̃ > 1650GeV
• T6Wg: up to mq̃ > 1550GeV
• T5gg: up to mg̃ > 2000GeV

• T5Wg: up to mg̃ > 1900GeV

 (GeV)g~m

1400 1600 1800 2000 2200 2400

 (
G

eV
)

10 χ∼
m

500

1000

1500

2000

2500

3000

1

10

 (13 TeV)-135.9 fbCMS   

G
~

γ → 1
0χ∼, 1

0χ∼ qq→ g~, g~g~ →pp 

NLO-NLL exclusion

theoryσ 1 ±Observed 

experimentσ 1 ±Expected 

95
%

 C
L 

up
pe

r 
lim

it 
on

 c
ro

ss
 s

ec
tio

n 
(f

b)

Marius Teroerde (RWTH Aachen) Searches for SUSY with photons (CMS) 7.-9. May 2018 5 / 9



SUS-16-047 (γ + Hγ
T ): Results+Interpretation

E
ve

nt
s 

/ G
eV

1−10

1

10

210

310

410
|>0.3φ∆ < 2TeV, |

γ
TH

Data
miss

T
pNongenuine 

Wγ
ttγ

Zγ
γ→e

T5Wg 1600 100
T6gg 1750 1650
Total uncertainty

N
or

m
al

iz
at

io
n

Validation

 (GeV)miss
T

p
0 200 400 600 800B

kg
. f

ra
c.

D
at

a/
P

re
d.

0
0.5

1
1.5

CMS
 (13 TeV)-135.9 fb

E
ve

nt
s 

/ G
eV

3−10

2−10

1−10

1

10

210 |>0.3φ∆, |
γ
TH2TeV < 

Data
miss

T
pNongenuine 

Wγ
ttγ

Zγ
γ→e

T5Wg 1600 100
T6gg 1750 1650
Total uncertainty

N
or

m
al

iz
at

io
n

Validation

 (GeV)miss
T

p
0 200 400 600 800B

kg
. f

ra
c.

D
at

a/
P

re
d.

0
1
2
3

CMS
 (13 TeV)-135.9 fb

• Deviations in medium pmiss
T bins

• Not compatible with new physics models
• 1.9 and 2.7σ significance
• Considered fluctuations, set limits

T5Wg

g̃

g̃

χ̃0

1

χ̃±

1

W±

p

p

γ

˜G

˜G

f

f ′

q q

q q

Limits:
• T6gg: up to mq̃ > 1650GeV
• T6Wg: up to mq̃ > 1550GeV
• T5gg: up to mg̃ > 2000GeV
• T5Wg: up to mg̃ > 1900GeV  (GeV)g~m

1400 1600 1800 2000 2200 2400

 (
G

eV
)

  1
±

0/ χ∼
m

500

1000

1500

2000

2500

3000

1

10

 (13 TeV)-135.9 fbCMS   

G
~±/Wγ →   1

±0/χ∼  , 1
±0/χ∼ qq→ g~, g~g~ →pp 

NLO-NLL exclusion

theoryσ 1 ±Observed 

experimentσ 1 ±Expected 

95
%

 C
L 

up
pe

r 
lim

it 
on

 c
ro

ss
 s

ec
tio

n 
(f

b)

Marius Teroerde (RWTH Aachen) Searches for SUSY with photons (CMS) 7.-9. May 2018 5 / 9



SUS-16-046 (γ + SγT )
Very inclusive search, no requirement on leptons, jets, HT
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Also sensitive for strong production (as for previous analysis) in compressed scenarios

Event selection
• ≥ 1γ, pγ

T > 180GeV
• ∆R(γ, nearest jet) > 0.5
• If pjet

T > 100GeV: ∆φ(jet, pmiss
T ) > 0.3

Control region
pmiss

T > 100GeV,MT (γ, pmiss
T ) > 100GeV

Veto SR

SγT =
∑
γi pT ,i + pmiss

T

Signal regions

• pmiss
T > 300GeV

• MT (γ, pmiss
T ) > 300GeV

• Sγ
T > 600GeV

counting experiment in 4 bins of Sγ
T

Validation region
Signal region, but Sγ

T < 600GeV
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SUS-16-046 (γ + SγT ): Backgrounds

γ+jets and Vγ

• Simultaneous fit of MC to data in control region
• χ2 fit on template variable ∆φ(pmiss

T , nearest jet or γ)

• Other backgrounds and total scale fixed
• Additional uncertainties on shape
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SUS-16-046 (γ + SγT ): Results and Interpretation
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Summary and outlook

• Presented two searches for SUSY in final states with photons
• Signals motivated by gauge mediated SUSY breaking
• γ + Hγ

T : Focus on strong production
• γ + SγT : Inclusive search, sensitive also to EWK production

What’s next?

• Search for SUSY in `γ final states with 2016 data set approved
• Search for SUSY in γγ final states with 2016 data set seeking
approval for summer conferences

• Combination of SUSY photon searches for different GMSB
models expected for summer conferences
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γ + Hγ
T : e→ γ
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• Photon CR: Photon candidate has pixel seeds
• Sample dominated by Z → ee events
• For higher pmiss

T values, dominated by W production
• Uncertainty accounts for differences in misreconstruction at high pmiss

T and Hγ
T values
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γ + Hγ
T : Validation
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γ + Hγ
T : Systematic uncertainties

J
H
E
P
1
2
(
2
0
1
7
)
1
4
2

Relative uncertainty (%)

Source background signal

Nongenuine pmiss
T 14–250

e→ γ 30

Integrated luminosity 2.5 2.5

Photon scale factors 2 2

Trigger 4 4

PDFs 5–10

Renormalization/factorization scales 16–27 0–1

Jet energy scale and resolution 2–20 1–6

Pileup 0.2–6 0.2–10

ISR 0–10

Fast simulation pmiss
T modelling 0.5–6

Table 2. Systematic uncertainties for background determined from control samples in data (first

two rows) and simulation (all other rows). If two values are given, the first one is for simulated

SM backgrounds, while the latter is for simulated signal. The PDF and scale uncertainties for the

signal simulation affect the shape only, as the uncertainty in the rate is already considered in the

overall cross section uncertainty [35].

7 Interpretation

The systematic uncertainties of the nongenuine pmiss
T background are fully correlated within

the high- and low-Hγ
T selections, and are described in section 5.1. The systematic uncer-

tainty in the electron misidentification background is fully correlated for all search regions,

as are most uncertainties in the simulated backgrounds described in section 5.3.

To improve on the signal simulation of the multiplicity of additional jets from ISR,

simulated signal events are reweighted based on the number of ISR jets (N ISR
J ) so as to make

the jet multiplicity in simulated tt samples agree with that in data. The reweighting factors

vary between 0.92 and 0.51 for N ISR
J between 1 and 6. We take one half of the deviation

from unity as the systematic uncertainty in these reweighting factors, correlated between

all search regions. The renormalization and factorization scales, and PDF uncertainties in

the cross sections for signal simulation are taken from ref. [35]. To estimate the influence

of pileup in signal events, the selection is done with a high and a low number of additional

interactions. The difference in selection efficiency is taken as a systematic uncertainty.

Since all physics objects are included in the computation of pmiss
T , it can be difficult to

describe accurately within the CMS fast simulation. The pmiss
T of the models considered,

however, is dominated by the missing momentum carried away by the gravitons and not

by the modelling of resolution effects. An additional systematic uncertainty of between

0.5 and 6% is assigned by calculating the mean difference between the reconstructed and

generated pmiss
T . A summary of the uncertainties can be found in table 2.

The results are interpreted in terms of the simplified models introduced in section 4.

The 95% confidence level (CL) upper limits on the SUSY cross section are calculated with

– 11 –
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γ + Hγ
T : Results
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Figure 5. Observed data compared to the background prediction. The expectation for the T5Wg

signal scenario with a gluino mass of 1600 GeV and a gaugino mass of 100 GeV and the T6gg signal

scenario with a squark mass of 1750 GeV and a neutralino mass of 1650 GeV are shown. The low-

(high-) Hγ
T selection is shown on the left (right). Below the pmiss

T distributions, the data divided by

the background prediction are shown as black dots, and the relative background components are

shown as coloured areas. The last three bins in each plot correspond to the search regions. The

rightmost bin includes all events with pmiss
T > 600 GeV.

Hγ
T (GeV) <2000 >2000

pmiss
T (GeV) (350, 450) (450, 600) >600 (350, 450) (450, 600) >600

Nongenuine pmiss
T 9.6 + 11.1

− 9.6 2.2 + 5.5
− 2.2 < 0.1 2.83± 2.51 1.31± 0.74 0.73 + 0.86

− 0.73

γW 51.3± 9.7 29.1± 5.5 11.6± 2.5 1.58± 0.58 0.70± 0.37 1.23± 0.43

γtt 17.1± 5.4 5.6± 2.6 1.9± 0.4 0.97± 0.38 0.45± 0.29 0.40± 0.22

γZ 11.5± 2.4 9.7± 1.8 7.1± 1.4 0.12± 0.07 0.25± 0.11 0.21± 0.10

e→ γ 15.1± 4.6 6.3± 1.9 1.4± 0.5 0.21± 0.10 0.13± 0.07 0.05± 0.04

Total bkg. 104.6± 16.5 53.0± 8.6 22.0± 3.0 5.72± 2.60 2.84± 0.89 2.62± 0.99

Data 103 82 21 6 10 4

T5Wg 1600 100 0.4± 0.1 0.8± 0.1 0.7± 0.1 3.66± 0.40 3.09± 0.40 2.41± 0.32

T6gg 1750 1650 0.5± 0.1 0.8± 0.1 4.9± 0.4 0.31± 0.04 0.46± 0.07 4.12± 0.32

Table 1. Observed data compared to the background prediction and the expected signal yields for

two signal scenarios. The expectations are given for the T5Wg signal scenario with a gluino mass

of 1600 GeV and a gaugino mass of 100 GeV and the T6gg signal scenario with a squark mass of

1750 GeV and a neutralino mass of 1650 GeV. The quadratic sum of statistical and systematical

uncertainties is given. Only experimental uncertainties for the signal model are stated.

– 10 –
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γ + SγT : Fit+Validation
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left: control region, right: validation region
Scale factors:
V γ < 1 because of electroweak corrections for high γ − pT
γ + jets > 1 because no k-factor applied and QCD corrections
Signal contamination: Light gauginos because similarity to V γ

Marius Teroerde (RWTH Aachen) Searches for SUSY with photons (CMS) 7.-9. May 2018 6 / 12



γ + SγT : e→ γ
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Similar to other analysis, study also nonresonant background in eµ
Dependency in ηγ , pγT and other variables leads to uncertainty
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γ + SγT : Systematic uncertainties

The CMS Collaboration / Physics Letters B 780 (2018) 118–143 123

Fig. 4. Validation of the electron misidentification background estimation method using MC simulation. In the selection with at least one photon with pT > 100 GeV, the 
prediction of the e → γ misidentification estimation method is compared to direct simulation in the photon pT (left) and the pmiss

T (right) distributions. The black and red 
hatched areas represent the statistical (σstat, pred) and the 50% systematic (σsyst, pred) uncertainties of the prediction, respectively. Events populating the phase space beyond 
the shown range are included in the last bin.

Fig. 5. Data to simulation comparisons in the control region (left) and the validation region (right). Events with Sγ
T beyond the shown range are included in the last bin. The 

hatched light gray band in the upper panel, as well as the solid light gray band in the lower panel represent the total systematic uncertainty (σsyst). The dark gray band in 
the lower panel indicates the quadratic sum of the statistical and systematic uncertainties (σtot).

Table 2
Systematic uncertainties in the background prediction in percent.

V(γ ) γ + jets e → γ tt(γ ) Diboson

Fit uncert. of statistical origin 6.9 3.3 – – –
Scale uncertainty in shape 3.8–9.0 2.8–7.1 – – –
PDF uncertainty in shape 1.6–3.8 1.9–8.2 – – –
JES uncertainty in shape 5.0–5.9 0.9–32 – – –
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

95% CL, improving on the former best limit of 710 GeV [26]. The 
sensitivity decreases with a larger wino-bino mass splitting since 
on average the energy of the photons and gravitinos decreases, 
while more energy is transfered to the other decay products of 
the χ̃±

1 and χ̃0
2 .

The limits for the EWK TChiWg and TChiNg simplified mod-
els are shown as a function of mNLSP in Fig. 8 together with the 
theoretical cross section. The analysis excludes NLSP masses be-
low 780 GeV at 95% CL in the TChiWg scenario and below 950 GeV
in the TChiNg scenario. Due to the slight excess observed with re-
spect to the SM background prediction especially in the highest Sγ

T

bins, the observed limits are weaker than the expected exclusion 
limits of 920 (1070) GeV for the TChiWg (TChiNg) scenario.

The results are also interpreted in simplified models of strong 
production scenarios. The two scenarios T5gg and T5Wg repre-
sent the gluino pair production with two photons and one pho-
ton and one W boson in the final state, respectively. The cross 
section limits and exclusion contours are shown in Fig. 9 in the 
g̃ − χ̃0

1 /χ̃±
1 mass plane. This search can exclude gluino masses 

of up to 2100 (2000) GeV in the T5gg (T5Wg) scenario. The limit 
gets weaker at low NSLP masses because of the acceptance loss, 
which mostly arises from the lower energy of the photons and 

124 The CMS Collaboration / Physics Letters B 780 (2018) 118–143

Table 3
Systematic uncertainties in the signal predictions in percent.

Source Signal scenario

EWK Strong production

Statistical MC precision per signal region 1–28 2–50
Fast simulation uncertainty in pmiss

T <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 –

Table 4
Background and data yields, as well as the statistical and systematic uncertainties 
for the separate signal region bins. For the total background uncertainty the uncer-
tainties of the individual background components are summed quadratically.

Sγ
T : 600–800 GeV

Yield σstat σsyst

V(γ ) 213 4.4 21.3
γ + jets 5 1.1 0.5
tt(γ ) 13 5.7 3.9
e → γ 29 0.9 14.2
Diboson 7 2.8 2.1

Total 267 7.9 26.0
Data 281

Sγ
T : 800–1000 GeV

Yield σstat σsyst

V(γ ) 76.8 1.9 8.1
γ + jets 4.4 1.2 0.4
tt(γ ) 8.0 3.8 2.4
e → γ 9.2 0.5 4.6
Diboson 1.9 1.7 0.6

Total 100.2 4.7 9.7
Data 101

Sγ
T : 1000–1300 GeV

Yield σstat σsyst

V(γ ) 35.0 1.3 3.9
γ + jets 4.2 1.3 0.4
tt(γ ) 3.5 0.9 1.1
e → γ 4.7 0.4 2.3
Diboson 5.4 3.0 1.6

Total 52.8 3.6 5.0
Data 65

Sγ
T : >1300 GeV

Yield σstat σsyst

V(γ ) 12.6 0.7 1.6
γ + jets 1.1 0.5 0.4
tt(γ ) 0.7 0.5 0.2
e → γ 1.5 0.2 0.8
Diboson 1.7 1.7 0.5

Total 17.6 2.0 1.9
Data 24

the gravitinos accompanied by larger hadronic activity in the 
event.

Similar scenarios, T6gg and T6Wg, based on squark produc-
tion are also used for interpretation and are shown in Fig. 10. 
Here, squark masses up to 1750 (1650) GeV are excluded for 
T6gg (T6Wg).

The mass limits on squarks are weaker compared to those on 
gluinos due to the generally lower production cross section. How-
ever, for squark production the hadronic activity in the event is 
lower compared to gluino production, slightly reducing the depen-
dence on the q̃ − χ̃0

1 /χ̃±
1 mass difference. The higher sensitivity 

in the T5gg and T6gg models is due to two photons contributing 
to Sγ

T , increasing the separation power between the signal and the 
SM background.

8. Summary

A search for electroweak (EWK) and strong production of gaug-
inos in the framework of gauge mediated supersymmetry breaking 
in final states with photons and large missing transverse momen-
tum has been performed. A data set recorded by the CMS exper-
iment at a center-of-mass energy of 13 TeV, corresponding to an 
integrated luminosity of 35.9 fb−1, was analyzed. The data were 
found to agree with the expectation from the standard model, 
without any indication of new physics.

The analysis is sensitive to EWK production of gauginos and 
to strong production of gluinos and squarks in particular if the 
mass difference between gauginos and gluinos or squarks is small. 
A two-dimensional EWK signal scan in the framework of general 

Fig. 6. Comparison of the measurement and prediction in the signal region in four 
exclusive bins of Sγ

T . For guidance, two SUSY benchmark signal points are stacked 
on the SM background prediction, where the TChiWg signal point corresponds to 
a NLSP mass of 700 GeV and the T5Wg signal point corresponds to a gluino mass 
of 1750 GeV and a NLSP mass of 1700 GeV. Events with values of Sγ

T beyond the 
shown range are included in the last bin. The hatched light gray band in the upper 
panel, as well as the solid light gray band in the lower panel represent the total 
systematic uncertainty (σsyst). The dark gray band in the lower panel indicates the 
quadratic sum of the statistical and systematic uncertainties (σtot).

Fig. 7. Observed upper cross section limit at 95% CL for the EWK GGM signal in the 
wino-bino mass plane. The thick lines represent the observed (black) and expected 
(red) exclusion contours, where the phase space closer to the diagonal is excluded 
by the analysis. The thin dotted red curves indicate the region containing 68% of 
the distribution of limits expected under the background-only hypothesis. The thin 
solid black curves show the change in the observed limit due to variation of the 
signal cross sections within their theoretical uncertainties.

gauge mediation is used to interpret the results. In the case of 
similar wino and bino masses, the analysis excludes masses below 
980 GeV at 95% confidence level, improving on the current best 
limit by 270 GeV [26]. Two EWK simplified models are also used 
for the interpretation. The analysis excludes masses of the next-
to-lightest supersymmetric particle χ̃0

1 below 780 (950) GeV in the 
TChiWg (TChiNg) scenario. Additionally, limits are set for strong 
production simplified models based on gluino (T5gg, T5Wg) and 
squark (T6gg, T6Wg) pair production, excluding gluino (squark) 
masses up to 2100 (1750) GeV. This analysis complements searches 
in the photon+jets, diphoton, and photon+leptons final states, and 
sets the most stringent limits to date in the EWK production mod-
els, and in the strong production models when the gauginos are 
degenerate in mass with the gluino or squarks.
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Table 3
Systematic uncertainties in the signal predictions in percent.

Source Signal scenario

EWK Strong production

Statistical MC precision per signal region 1–28 2–50
Fast simulation uncertainty in pmiss

T <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 –

Table 4
Background and data yields, as well as the statistical and systematic uncertainties 
for the separate signal region bins. For the total background uncertainty the uncer-
tainties of the individual background components are summed quadratically.

Sγ
T : 600–800 GeV

Yield σstat σsyst

V(γ ) 213 4.4 21.3
γ + jets 5 1.1 0.5
tt(γ ) 13 5.7 3.9
e → γ 29 0.9 14.2
Diboson 7 2.8 2.1

Total 267 7.9 26.0
Data 281

Sγ
T : 800–1000 GeV

Yield σstat σsyst

V(γ ) 76.8 1.9 8.1
γ + jets 4.4 1.2 0.4
tt(γ ) 8.0 3.8 2.4
e → γ 9.2 0.5 4.6
Diboson 1.9 1.7 0.6

Total 100.2 4.7 9.7
Data 101

Sγ
T : 1000–1300 GeV

Yield σstat σsyst

V(γ ) 35.0 1.3 3.9
γ + jets 4.2 1.3 0.4
tt(γ ) 3.5 0.9 1.1
e → γ 4.7 0.4 2.3
Diboson 5.4 3.0 1.6

Total 52.8 3.6 5.0
Data 65

Sγ
T : >1300 GeV

Yield σstat σsyst

V(γ ) 12.6 0.7 1.6
γ + jets 1.1 0.5 0.4
tt(γ ) 0.7 0.5 0.2
e → γ 1.5 0.2 0.8
Diboson 1.7 1.7 0.5

Total 17.6 2.0 1.9
Data 24

the gravitinos accompanied by larger hadronic activity in the 
event.

Similar scenarios, T6gg and T6Wg, based on squark produc-
tion are also used for interpretation and are shown in Fig. 10. 
Here, squark masses up to 1750 (1650) GeV are excluded for 
T6gg (T6Wg).

The mass limits on squarks are weaker compared to those on 
gluinos due to the generally lower production cross section. How-
ever, for squark production the hadronic activity in the event is 
lower compared to gluino production, slightly reducing the depen-
dence on the q̃ − χ̃0

1 /χ̃±
1 mass difference. The higher sensitivity 

in the T5gg and T6gg models is due to two photons contributing 
to Sγ

T , increasing the separation power between the signal and the 
SM background.

8. Summary

A search for electroweak (EWK) and strong production of gaug-
inos in the framework of gauge mediated supersymmetry breaking 
in final states with photons and large missing transverse momen-
tum has been performed. A data set recorded by the CMS exper-
iment at a center-of-mass energy of 13 TeV, corresponding to an 
integrated luminosity of 35.9 fb−1, was analyzed. The data were 
found to agree with the expectation from the standard model, 
without any indication of new physics.

The analysis is sensitive to EWK production of gauginos and 
to strong production of gluinos and squarks in particular if the 
mass difference between gauginos and gluinos or squarks is small. 
A two-dimensional EWK signal scan in the framework of general 

Fig. 6. Comparison of the measurement and prediction in the signal region in four 
exclusive bins of Sγ

T . For guidance, two SUSY benchmark signal points are stacked 
on the SM background prediction, where the TChiWg signal point corresponds to 
a NLSP mass of 700 GeV and the T5Wg signal point corresponds to a gluino mass 
of 1750 GeV and a NLSP mass of 1700 GeV. Events with values of Sγ

T beyond the 
shown range are included in the last bin. The hatched light gray band in the upper 
panel, as well as the solid light gray band in the lower panel represent the total 
systematic uncertainty (σsyst). The dark gray band in the lower panel indicates the 
quadratic sum of the statistical and systematic uncertainties (σtot).

Fig. 7. Observed upper cross section limit at 95% CL for the EWK GGM signal in the 
wino-bino mass plane. The thick lines represent the observed (black) and expected 
(red) exclusion contours, where the phase space closer to the diagonal is excluded 
by the analysis. The thin dotted red curves indicate the region containing 68% of 
the distribution of limits expected under the background-only hypothesis. The thin 
solid black curves show the change in the observed limit due to variation of the 
signal cross sections within their theoretical uncertainties.

gauge mediation is used to interpret the results. In the case of 
similar wino and bino masses, the analysis excludes masses below 
980 GeV at 95% confidence level, improving on the current best 
limit by 270 GeV [26]. Two EWK simplified models are also used 
for the interpretation. The analysis excludes masses of the next-
to-lightest supersymmetric particle χ̃0

1 below 780 (950) GeV in the 
TChiWg (TChiNg) scenario. Additionally, limits are set for strong 
production simplified models based on gluino (T5gg, T5Wg) and 
squark (T6gg, T6Wg) pair production, excluding gluino (squark) 
masses up to 2100 (1750) GeV. This analysis complements searches 
in the photon+jets, diphoton, and photon+leptons final states, and 
sets the most stringent limits to date in the EWK production mod-
els, and in the strong production models when the gauginos are 
degenerate in mass with the gluino or squarks.
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γ + SγT : GGM

 (GeV)
B
~m

300 400 500 600 700 800 900 1000

 (
G

eV
)

W~
m

300

400

500

600

700

800

900

1000

1100

1200

1

10

210

 (13 TeV)-135.9 fbCMS   

GGM electroweak production

NLO exclusion

 theory uncertainty±Observed 
 experimental uncertainty±Expected 

95
%

 C
L 

up
pe

r 
lim

it 
on

 c
ro

ss
 s

ec
tio

n 
(f

b)
Marius Teroerde (RWTH Aachen) Searches for SUSY with photons (CMS) 7.-9. May 2018 10 / 12



γ + SγT : T6gg/T6Wg

 (GeV)q~m

1200 1400 1600 1800 2000

 (
G

eV
)

10 χ∼
m

0

500

1000

1500

2000

2500

1

10

 (13 TeV)-135.9 fbCMS   

G
~

γ → 1
0χ∼, 1

0χ∼ q→ q~, q~q~ →pp 

 NLO-NLL exclusion

 theory uncertainty±Observed 
 experimental uncertainty±Expected 

95
%

 C
L 

up
pe

r 
lim

it 
on

 c
ro

ss
 s

ec
tio

n 
(f

b)

 (GeV)q~m

1200 1400 1600 1800 2000
 (

G
eV

)
1±

0/ χ∼
m

0

500

1000

1500

2000

2500

1

10

 (13 TeV)-135.9 fbCMS   

G
~±/Wγ → 1

±0/χ∼, 1
±0/χ∼ q→ q~, q~q~ →pp 

)=0.51
±0/χ∼ q→ q~BR(

NLO-NLL exclusion

 theory uncertainty±Observed 
 experimental uncertainty±Expected 

95
%

 C
L 

up
pe

r 
lim

it 
on

 c
ro

ss
 s

ec
tio

n 
(f

b)

Marius Teroerde (RWTH Aachen) Searches for SUSY with photons (CMS) 7.-9. May 2018 11 / 12



γ + SγT : T5gg/T5Wg
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