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% SUSY with Photons

e Photon signatures are common in Gauge Mediated Supersymmetry
Breaking (GMSB) with neutralino NLSPs

e GMSB breaks SUSY via intermediate-scale messenger fields that are
charged under SM gauge interactions

o Naturally protects SM flavor symmetry = No FCNC

o Gravitino ((7) is always the LSP
= Mass in eV-keV range
= Non-interacting — Large E;Mss
o NLSP can be 5{?, %, or other slepton(s) in minimal GMSB
= Decays to G and SM partner of NLSP
» Collider signature depends on the properties of the NLSP
» Lifetime of NLSP is a free parameter = Decay can be prompt or displaced
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% Gauge Mediated Symmetry Breaking (GMSB)

e Minimal GMSB has only a few parameters
o A, M, Ny, tan(f), Cgrav, sign(u)

o Results in relatively few potential mass hierarchies
o NLSP neutralino is almost always purely bino (superpartner to B field)

e There is much more freedom in the mass hierarchies of
General Gauge Mediation (GGM) models
o Superpartner mass parameters are largely independent
o Any MSSM superpartner can be NLSP
o An NLSP neutralino can be a mixture of bino, wino, and higgsino
= Neutralino mixing depends on the parameters M,, M,, u, tanf

= Depending on the relationship between these parameters, several
interesting photon phenomenologies can occur

» |n case of wino or higgsino NLSP, chargino has mass very close to mass of
lightest neutralino and can be co-NLSP

SUSY 2014 - July 25th, 2014 3 Andrew Kuhl



@

Bino, wino, and higgsinos mix to
form neutralino mass eigenstates
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GGM Photon Scenarios

(B". W', H) HY)) = Gt 20+ X5 X3)
Possible decay modes:

"'O — (v, 72, h)+G

" Bino-like NLSP )

o Dominant decay: ¥, — 7+ G
o Diphoton+E Mss signature

o J

SUSY 2014 - July 25th, 2014

7~ Wino-like NLSP
© M2 << M1, M

o X, is co-NLSP 7 - (1,2)+ G
o Dominant decays: X1 S W+ G

~

o Photon+Lepton+EMss signature

ﬂ—liggsino-bino admixture NLSP\
o My = |u| << M,

o Dominant decays (4 > 0):

. X1 — (y,2) + G

» Photon+jets+E;Mss signature
o Dominant decays (U < 0):

. X1 — (v, h) + G

4

K » Photon+b-jets+EMiss signature/
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Diphoton + E{Mss (prompt)
ATLAS-CONF-2014-00° (20.3 o' @ 8 TeV)

¢ Bino-like NLSP —> Decay chain on both sides of
event have X1 —=v+G

A
T
L
A
S

o Diphoton+EMss signature
e NLSP decays promptly (c T \ sp < 0.1mm)

e Event selection:
o 5 Signal Regions

= 2 regions focused on strong production (SP1, SP2)

0 omy = 1300 GeV
= 2 regions focused on weak production (WP1, WP2)

~ 600 GeV
= 1 model-independent region (MIS)

Dm0~m
X2 X

o Each signal region requires > 2 isolated photons
w/ pr > 75 GeV

SP1 SP2 WPl WP2 MIS

AgP™ 05 00 05 00 00
A¢Jfg;n > 05 05 05 05 05
M.g > (Hy >) (GeV) | 1500 1800 (400) (600) O
ETs > (GeV) 250 150 200 150 250
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W/Z
Weak Production
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Diphoton + E{Mss (prompt)
ATLAS-CONF-2014-001 (20.3 fo! @ 8 TeV)

10— T T T =
Dominant backgrounds E FATLAS Prelliminary fl_cln=2o.3fb" —ol— Data2012(El=aTeV) =
Y N PET 1
S B SP1 I:Iw, Vi i I:IW,Z,top -
- . 8 10 m(g)= 3
ﬁQCD multi-jet, y+jet, vy \ % B vz com m%:fg:oegzvm E
» |oose y CR normalized in L 3
low E;Miss region S >
o Electroweak W+X, Z+X, tt ol _
= electron CR normalized = .
using e-y fakg rate scale ozt M —— 500
factor found with tag & ET* [GeV]
probe of Z mass peak > 10—
. 3 ATLAS Preliminary det:zo.sfb" —e— Data 2012 (fs= 8 TeV)
o Irreducible Zyy, Wyy 8 1 WP2 vioviii | |W.z top
= MC, with data-driven = m(W)=600 GeV
L

. 10° . Wi, Zyy == @ m(5)=500 GeV
K normalization for Wyy / P LT LU L TP T N
10 ;

1
Background SP1 SP2 WPI WP2 MIS
QCD 00002 022033 029+0.29 0.89+060 073+0.53 |y
Electroweak <002 0.02+002 0.15+007 067+022 024+0.10
W(- &) +yy 0032002 002:001 044+0.18 074:027 047+0.19 (g2
Z(—> v) + 7y < 0.01 <001  013+0.07 008004 0.15+0.08 e 1 3?0
. e
Total 0.03*05%  026'03; 1.01:036 238:0.69 1.59+0.58 !
Observed events 0 0 1 5 2
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Diphoton + E{Mss (prompt)
ATLAS-CONF-2014-001 (20.3 fo! @ 8 TeV)

| —

Run 201120 | =g |
Event 25975747 il i
o1 = 197 GeV

P12 = 84 GeV
E,Miss = 478 GeV

5 jets (pr > 30 GeV)

Run Number: 201120, Event Number: 25975747

Date: 2012-04-11 07:49:56 UTC
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)2 Diphoton + E-Miss (orompt)
L
A ATLAS-CONF- 2014 001 (20.3 fb'' @ 8 TeV)
- - -—-1500_... T 1 T 1 T T T — 1 Tt | T r Tt 1 1 T 1T
* No sign of new physics s F T xomctod SP1
despite slight excess in 5 E ATLAS  Prelminary Expected SP2
WP2 S VOIS NV OO T
. 13505 2 PRSI 1 1 1 1
o 5 events with 2.38 + 0.69 a0 e
expected has 13% . 1 1 b
probability 2 22 1 1 1
. 1200?_ 2 2 2 1 1 1
e Set 95% CL in GGM planes  1s0f & , 1 1 1
o O, <0.15fb (SP1) 00—~ 366500 B0~ 7005 1200 1400
0
%) [GeV
o O, <0.14 fb (SP2) . ™ () FEe
< 7y r¢vr¢r+|/ 47 p T T
o O, <0.19 fb (WP1) 3 CE e Expected W1 -
— —  ATLAS Preliminary == Expected WP2 =
o Os < 0.41 fb (WPZ) :zi 800~ 1 1 1 1 1 1 1 1 .
o O, < 0.23fb (MIS) t oF A
SR Y 20uia,., DU LTL L M IR
S N
- L2
500 2 2 2
400/~
300 ~~—T0o 200 300 400 500 _ 600 _ 700 800

m (7.) [GeV]
SUSY 2014 - July 25th, 2014 8 Andrew Kuhl



Diphoton + E{Mss (prompt)

A
T
L
A
S

e No sign of new physics
despite slight excess in
WP2

o 5 events with 2.38 + 0.69
expected has 13%
probability

e Set 95% CL in GGM planes

o O,s<0.15fb (SP1)

o O,s<0.14 fb (SP2)

o O, <0.19 fb (WP1)

o O, < 0.41 fb (WP2)

o O, < 0.23 fb (MIS)

e Gluino mass > 1280 GeV in
gluino-bino plane

¢ \Wino mass > 570 GeV in
wino-bino plane
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ATLAS-CONF- 2014 001 (20.3 fb'! @ 8 TeV)

GGM: bino-like neutralino, tan p = 1.5, ct < 0.1 mm

LA L L IR L LR I L PP Observed (= 10?:;Ty)
ATLAS Preliminary

............ Expected (= 10,,)

Ldt=203f"Vs=8TeV lwwwn Expected (x 2 o)

—

200 400 600 800 1000 1200 1400
m ) [GeV]

GGM: bino-like neutralino, tan = 1.5, ct < 0.1 mm

LI I ) B B L B B B "I ----- Obser ed ( SUSY)
V
ATLAS Prellmlnary """""" Theory

............ Expected (= 1

OExp)

fL dt=20.3", Vs =8 TeV

1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
100 200 300 400 500 600 705) 800
m (%,) [GeV]
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Diphoton + E{Miss (non-prompt)
Phys. Rev. D 88, 012001 (2013) (4.8 fo'! @ 7 TeV)

¢ Bino-like NLSP with finite lifetime r A Y

o Photon(s) that does not point to
beamspot in final state

A
T
L
A
S

Layer 2

Layer 1
o Takes advantage of pointing and timing
resolutions of ATLAS EM calorimeter
e Event selection
o 2 isolated photons w/ p; > 50 GeV

o ‘TL’ID:

= 1 tight photon w/ |n| < 2.37
= 1 loose photon w/ |n| < 1.37 E [ atas 0 #2 'i'i' '2$1lz'l(;él:ia'05£::);t;s§‘
o B> 75 GeV G0 Wi asn J1 o reE8uo o -
e Dominant backgrounds g A e
o Prompt photon/misidentified electron szé_ _§
= Z. template % _33 ! ” i
- Misidentified jet w10
= Low E;Msss control region o
o Fit zy-, (distance of closest approach)
of loose photon to S+B template 105

<1000 800 600 -400 -200 O 200 400 600 800 1000
Zpca [Mmm]
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Diphoton + E;Mss (non-prompt)
Phys. Rev. D 88, 012001 (2013) (4.8 fo! @ 7 TeV)

No excess observed

N
N

N
o

©
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— — — —
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o
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T I T
- ATLAS
B Data 2011
[ Vs=7TeV,[Ldt=438 fo™

- —¢— Data (Signal Region)
| wonn Best S+B Fit, u = 0.20+0.19
“i SPS8 MC, A=120 TeV, 1=6 ns

——— Bkg Only Fit
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ATLAS 4 — Observed Limit
107 Ldt=48fb ... Observed Limit (=0 aery)
3 \s=7TeV - - Expected Limit

Use timing as cross-check
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Interpret using GMSB SPS8 benchmark
o Avs. T(x))

o At A =120 TeV
= Expected limit: T > 14.6 ns
= Observed limit: T > 8.7 ns

[0 Expected Limit = 10,
Expected Limit + 2 oy,

XX Excluded Region
All limits 95% CL

370
SRS
RRRLRILRE S 50

SRS

RIS

10 k

80 100 120 140 160 180
A [TeV]

|
100 150 200 250
m(z,) [GeV]

200 250 300 350 400 450 500
m(z) [GeV]
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ic)» Photon + Lepton + E{Miss
h i ATLAS-CONF-2012-144 (4.8 fo' @ 7 TeV)

GGM Wino-like NLSP
o %, and ¥ are co-NLSPs

nrer-p

o ¥ — (1,2)+G 0 v
@) 5{11 — ‘A/i + G wt
o Search for y+1+E;"™ . *
X1
Neutral Wino Decays ;

J

1.0_ ..................... ] ]
[ ] J g
- Strong production

CosZGW

0.8

; 0.6} Z+G
M
M o al )
0.4: e
0.2‘ ---------------------- — ===

00— . i )
0 200 400 600 800 1000 Weak prod uction G
J. Ruderman, D. Shih arXiv:1103.6083 mw
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Event Selection

/ Electron Channel \

>1 vy w/ pr>100 GeV
>1 e w/ p;>25GeV
no u w/ pr > 25 GeV
Ime,-m| > 15 GeV
AR(e, y) > 0.7
M+(e, EfMiss) > 100 GeV
EMss > 100 GeV

Muon Channel
>1 vy w/ py > 85 GeV
>1 uw/ pr>25 GeV
no e w/ py > 25 GeV
AR(u, y) > 0.7
(u, EfMs8) > 100 GeV

Photon + Lepton + E{Miss
ATLAS-CONF-2012-144 (4.8 fo! @ 7 TeV)

Dominant Backgrounds

Wy, tty, full lep. tt
MC normalized in
control regions

W-+jets, semi lep. tt

k E Miss > 100 GeV /
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v+jet

Other minor contributions

~

Matrix method with
tight/loose samples

ABCD method using from MC
\ v iso. and y ID /
> |||||||||||||||||||||||||||||||||||||||||||: > 10_|||||||||||||||||||||||||||||||||||||||||||_
8 sb Lat=48" O ?fjta 1 & B Ldt=471" 92 gj‘a
Q - \s=7Tev . 1 & - \s=7TeV .
~ 4= e channel Wy 93 = 8 u channel Wy —
12] C other ] §2] - other .
c 6 — GGM (1500,200) § € B —— GGM (1500, 200)
o - — GGM (600,500) 1 2 L —— GGM (600, 500) |
L 5 :_ systematics ] 6 systematics |
C ATLAS Preliminary ] o \ ATLAS Preliminary N
aE
3F
ofF
= :
0™ 100 150 200 250 300 350 400 450 500 0 100 150 200 250 300 350 400 450 500
ET™ [GeV] ET™° [GeV]
O O 3 T T T
= 4 = oasf E
] . N — © 2 N —
2 N N E £ . N N
\ L LGN
- EN :
SE \ = 0.5F NN N\ E
E 1 | | N AN N | 3 E
0™"400 950 200 250 300 350 400 450 500 0™500 950 200 250 300 350 400 450 500
ET™ [GeV] ET [GeV]
13 Andrew Kuhl



92 Photon + Lepton + E Miss
A ATLAS-CONF-2012-144 (4.8 fb' @ 7 TeV)
g e-channel: u-channel: A
o Expected 13.0 = 3.4 events o Expected 15.1 + 3.6 events
o Observed 15 events o Observed 11 events )
GGM: wino-like NLSP
. \-—-1500_""|""|""|""|""|""|""
Set limit at 95% CL: > B
¢ 1400 —— Observed limit (£10pgqy)
e_Channel: OViS < 2.7 fb § 13002_ ______ Expected limit (i1 Oexp)
u-channel: Ovis <1.8fb E 1200;— All limits at 95% CL
c C
Interpretation: % 1100 2 ATLAS Preliminary
1000
Combine channels in 000E. f Ldt=4.7-48fb"
gluino-wino GGM plane 800C <=7 ToV
gluino mass > 619 GeV 7008 N _—
for any wino mass 600 5 NLSP
: oo b v b e by b e by
wino mass > 221 GeV 000 ~200 300 400 500 600 700

%_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
o

@ any gluino mass / wino mass [GeV]
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ic)s Photon + b-jet + EMss
Phys. Lett. B 719 (2013) 261-279 (4.7 fbo-1 @ 7 TeV)

" GGM Higgsino-Bino admixture NLSP )
X = (.h+G
h — bb

o Search for y + b-jet(s) + E;Mss

nrer-p

o U <0,M;=|ul:

\_

1.0—T1

(a) tanf=3 —~_ g

0sf 7
0.6 -
0.4

+ -
0 1.0H

A R ‘
-1.0 -0.5 0.0 0.5 1.0
tan™'(u/M,)

K. Matchev, S. Thomas arXiv:9908482
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@ Photon + b-jet + E;Miss

Event Selection

nrer-p

/1y w/ pr > 125 GeV

Veto on 2"y w/ p; > 50 GeV
> 2 jets w/ p; > 20 GeV, =1 b-tagged
Lepton veto
Ad(i 2 Ef")>0.4
M. (y, E;M%) > 100 GeV
\_E{* > 150 GeV

~

)

Major backgrounds

QCD multi-jet (including y+jet)
= ABCD method using low E;Mss and
0 b-tag regions
tt, single top, W+jets
» W-ev w/e-y fake

o electron CR normalized using
e-vy fake rate scale factor

= W-lv w/ prompt photon
o (lepton CR)*(MC transfer factor)

Z-vv + y/jets
k = MC
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Events / 10 GeV

Data/MC ratio

Events /10 GeV

Data/MC ratio

Phys. Lett. B 719 (2013) 261-279 (4.7 fo-1 @ 7 TeV)

L A R L
10° =~ = M Tota/ (EEEE  QCD multijet
o' b #-data 0 Wets Ldt=4.7 fb”
— Jomr TV
B single top

3
10 signal m(gluino,neutralino)=(800,750) GeV

signal m(gluino,neutralino)=(500,150) GeV

102

45 ' '
38 -4~ stat. error
2.§ syst. error
1.5
058
% 300
miss
E™S [GeV]
T T T~ T T ] L A B
10° == @ QCD multijet ATLAS —
= 3 Wets P
~ sk Ldt=4.7fb —
B B single top -~ m
10" ~—= SM Total s=7 TeV =
= —e— data - =

5 i/
]/
T/
|4
L/
'/
i

+

I

/

S

=—d

-
e

- stat. error

AA[M IIIII| L

3.5

25 syst. error

2

1.5 .

1 — | -l -4 —9¢—
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miss
mi(y,E™) [GeV]
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%ﬁ Photon + b-jet + E{Mss

Phys. Lett. B 719 (2013) 261 279 (4.7 fb-1 @ 7 TeV)

e Expect 7.5 £ 2.2 events
e Observe 7 events

e Set 95% CL limits in GGM planes
o O,.<1.6fb

o Mg VS. M,

= Glumo masses below 900 GeV are
excluded

Vis

© m VS. m~0

. Squark masses below 1020 GeV
are excluded

o Neutralino masses between 220 GeV
and 380 GeV are excluded on the
basis of weak production only
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% Summary

e ATLAS has performed several SUSY searches with photons in the final state
o Motivated by GMSB/GGM models

e No significant excesses seen over SM predictions

e Exclusion limits set for bino, wino, and higgsino-like NLSPs
o Prompt bino-like
» Excluded gluino production with mass < 1280 GeV
» Excluded wino production with mass < 570 GeV
o Non-prompt bino-like
= Probe SPS8 up to A =170 TeV for varying bino lifetimes
o Wino-like
» Excluded gluino production with mass < 619 GeV
» Excluded wino production with mass < 221 GeV
o Higgsino-bino admixture (u < 0)
» Excluded gluino production with mass < 900 GeV
» Excluded squark production with mass < 1020 GeV
» Excluded gaugino production with mass between 220 GeV and 380 GeV

e Updates and new channels with 20.3 fb-1 of 8 TeV data coming soon
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