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Introduction

An overview of ATLAS SUSY searches targeting final states with photons and taus
« Considering R-parity conserving models with large E;miss signatures

 Promptly decaying sparticles

e Strong production is the main focus, for more on:

- Electroweak see talk by Christopher Bock
- Third generation see talk by Pierfransesco Bultti

 All results using the full 2012 8 TeV 20.3 fb-: dataset

 The analyses are particularly motivated in the context of gauge-mediated
symmetry breaking, where the LSP is a gravitino

The following final states are covered:

* Two photons / Photon + jets/e/mu 1507.05493
» Higgs to photon + Emiss ATLAS-CONF-2015-001
* One tau / two taus / taus plus e/mu 1407.0603

Summary paper 1507.05525
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http://arxiv.org/abs/1507.05493
https://cds.cern.ch/record/1988425
http://arxiv.org/abs/1407.0603
http://arxiv.org/abs/1507.05525

CERN-PH-EP-2015-168

Photons + Etmiss
Analysis overview

The analysis targets processes in the GGM model
« Strong and electroweak production considered
 Decay chains largely determined by the NLSP
« Each channel focused on a specific NLSP type

* Further split for high- and low-mass NLSP

Event selection: o : : ’
¢ ¢ 7 Higgsino-Bino ¢ ¢

Channel Trigger Target NLSP
1) > 1 photon two photon trigger Wino-bino
2) > 0 photon plus b-jet single photon trigger Higgsino-bino

3) =1 photon plus multiple jets single photon trigger Higgsino-bino
Wino Wino ~

4) > 0 photon plus electron/muon single photon trigger
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_ CERN-PH-EP-2015-168
Selection

Diphoton and photon + (b-)jet

Signal Region SR SR 4 SR 1.

BWH

No. photons (Ep [GeV]) >1(>75) >1(>7) >1(>7) >1 (>75)

ERis [GeV] > 150 > 250 > 150 > 200

Hr [GeV] - - > 600 >400  Higher energy scale in SUSY events
meg [GeV] > 1800 > 1500 - -

Abin(jet, £255) (No. leading jets) > 0.5 (2) > 0.5 (2) > 0.5 (2) > 0.5 (2) .

Ad)min('}’,EfrrniSS) _ > 0.5 _ > 0.5 ETmISS We” reconstructed

Signal Region SR;" SR SR;’ SRy

No. photons (Et [GeV]) >0 (>125) >0(>150) 1 (>125) 1 (> 300)

s [GeV] > 100 > 200 > 200 > 300

Hr [GeV] - > 1000 - > 800

No. jets (No. b-jets) 2—-4(>1) >3 (>0) > 3¢ > 1¢

No. leptons 0 — 0 0 ttbar

Mbb [GGV] 75— 150 - - -

M%’E‘T“‘SE [GeV] < 90 < 90 . W - e v (e misreconstructed)
Apmin(jet, EF5)  (No. leading jets) > 0.3 (2) >03(4) >04(2) >04(2)

Ry - - <085 Softer n,, spectrum in SM

Apmin(jet, v ) - - < 2.0
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_ CERN-PH-EP-2015-168
Selection

Photon + lepton

Signal Region SR* SR}’

No. photons (E7 [GeV]) >0 (> 125) >0 (> 125)

EXss [GeV] > 120 > 120

HE™ [GeV] < 100 < 100 ttbar

No. leptons >0 (e) >0 (u)

| Mey — Mz| [GeV] (> 15) - Z-oee
MPPTT [GeV] > 120 > 120 W v/ ttbar
AR(4,~) > 0.7 > 0.7

Many different SRs covering a wide
range of models and NLSP masses
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CERN-PH-EP-2015-168

Background estimation

The main analysis backgrounds in all SRs come from

» Associated production of real photons with vector
bosons or top and E;Miss from neutrinos

» Jets or electrons misidentified as photons

 QCD events with real photons and E miss from
iInstrumental effects

For these main backgrounds data-driven estimates
are made, to decrease systematic uncertainties

Significant variation in background estimation regions
used between channels, due to different selections
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CERN-PH-EP-2015-168

Results

= ‘ I s J =

i . i [ob) 1 04 ATLAS \s= SmZe:Véoif),.:uffmo -0-5);113 2012 _i

No significant excess above SM expectation §1os = iy P

observed in any of the 10 signal regions gy T~ BT

Cl>-> 10 = ™ i Bstat. @ syst. =

. - R B Tt LR .

Largest excess Seer_l _ln photon + electron e g=— 3

channel, 6% probability of such excesses | e -

. . . = i ;

« Limits on maximum number of events = ";,_MHL** ,,,,,,,,,,,,,,,,,,

()

expected in each SR as well as the upper O 56030045500

E™S [GeV]

limit on the cross section set

% 10*E atLas =~ 1s-8Tov,2031" -eDaa2012
(O] 103 [~ my= 1200, ms = 450 ELepton
[le] m, = 1200, m.. = 850 [__] Multijet
i i o = i i e—>y mis-
Signal region Nobs NN S (ea)?D [fb] (ec) 22, [fb] = 1022 e EZ—:\YN D
SRYY, 0 0.06+024 3.0 0.15 0.15 % 0.01 5 108 ' oo
SR 0 0.06170-2¢ 3.0 0.15 0.15 %+ 0.01 TR ‘ g
SRIJ_; 5 2.04t§§§ 8.2 0.41 0.25j§;§‘3%. 1o I
+0. . E |
SR%;_H 1 L0145 3.7 0.18 0.18 005 .y E
SRy 12 18.8+5.4 8.1 0.40 057107 A AN
b 0.09 : : : ;
SR} 2 3.824+1.25 4.0 0.20 027;8'% % Al
fl .
SRy’ 2 1.27 + 0.43 5.5 0.27 0.19+9:39 S et
SR 2 0.84 + 0.38 5.6 0.28 0.2070 42 o o < .
SR} 1 105 + 1.4 14.2 0.70 0.41+0:20 O 0 200 300 EnﬁQSO[GeS?O
SR} 10 141+ 1.5 6.0 0.30 0.4570%1 =

24/08/2015 Alex Kastanas (UiB)



CERN-PH-EP-2015-168

Interpretation

M > 1300 GeV  Photon + b-jets Diphoton M_> 1290 Gev
9 GGM: higgsino-like neutralino, u<0 ™ ; ' . . 9
= B TR e G e e e e R e R i GGM: bino-like neutralino, gluino production
(05) 1600 :_ " Observed limit (+ 1 GTheOry) % 1600 :_ ATLAS == Observed limit (*1 Gf_»:i\:y)
£ £ . e Expected limit (+ 1) =3 E SR" analysis Expected limit (+ 1 o)
1500 . € 4500 = /s=8TeV,20.3fb" wwms Expected limit (+ 2 o)
B [, All limits at 95 % CL B .
Higgsino | 1400 ffhggau ino
g g 1300 - N LS P
E & 100 e e
NLSP - ATLAS “\ M -
1200 5 Ssz and SRLb analyses w2 o 1200 &°
C Vs=8TeV,2031" E ,g?:'»
1100:— All limits at 95 % CL 1100:_
1000 it il 3 i 8 e T il i N bt el =t ST S 41 S = b e S Il E l ] | i : | |
i e e R e e 10005300400 600 800 1000 1200 1400
X, mzo [GeV]
GGM higgsino-like neutralino, u>0 M [GeV] ;
1800 200 400 600 800 1000 1200 1400
% ~ l : I I I : I I I l Il l i : I Isusvl | 1000 GGM: bino-like neutralino, wino production
S, 1700 :_ ATLAS T Observed limit (£16, ') — 1701 %' - ATLAS " Observed limit (£ 1 G?:Soty)
= 1600 :_ \s=8TeV, 203 fo" === Expected limit (+16,,,) _I 1601 %.?év 900 SR}y analysis Expected limit (+ 1 o, )
= s and SH! | All limits at 95% CL = c = [s=8TeV,20.3fb"
g0 = T 150 Ev;— 800  Alllimits at 95 % CL
: : 1400 |- ] ' Bino
Higgsino - Ao 700f NLSP
NLSP " e
1200 ] -
= —1201 500 —
1100 = . -
C — 110! 400—
1000 — = =
C L C PR G v O S T L ol i Bl W Rl I MR
900 F- ey 0l = 100 @200 @00 480 500 BOG, 700 80D
= P : 0 G V
800 =] 1 L | 1 L L | 1 L 1 | {' 1 | 1 1 1 | 1 1 |—900 mx. [ = ]
200 400 600 800 1000 1200 1400
: GeV I M > V
M,> 1140 GeV  Photon + jets ElGed Diphoton M., > 590 Ge 8
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Interpretation

Photon + lepton

: Electroweak production, wino NLSP

§ 10 L I | I I L | | | | | 1 | | | 1 | | L | | L IE
= — 95% CL Observed limit =
2 ATLAS ° o .
© 8 TeV. 203 " -++- 95% CL Expected limit i
1s=8 TeV, 20.
10° | ; 1 95% CL Expected limit +1 6 —
— SR, and SR, analyses . -
- 95% CL Expected limit £2 ¢ -
i 7 Production cross section |
10° - =
107
L1 1 | | | 11 1 | | I | | 1 1 1 | | 11 | | | 11 | | I 1 1 | | 11 1 |

100 150 200 250 300 350 400 450 200
my, [GeV]
Excluded: 124 GeV < M, < 361 GeV
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ATLAS-CONF-2015-001

Higgs to photon + E_™**

In GMSB and NMSSM models the G/ -
following processes can take G /X4
place G /XY G/xS
1) h-xolxe, GIxo, -y GIxo, GIxy Y i

2) h— X0l X2, XoulX0 ¥ ¥ GIxe; GIx2, j j

= - e e e P e = 5_\",,? T T T T B L T T ARE
Slgnatu re: Etmiss + photon : Jaf AES‘,,Z:?:LTLEXMEJBFV’ S | O9E"  ArLas Preliminary 15=8TeV, 203 1" E
g 1.4 5] =] 2 0.8 Pl =
- - z L --- Observed limit (+10,,,,,,) 5 z E —e— Observed limit (nominal, )
- Trigger: Photon + Etmiss L1oF . cxmcnanme LozE o omnoimtin)
. . 2 C Expected limit (x10,,,) x 0.63— ----- Expected limit
R | /' \ F R = il
Higgs production through VBF g F Expaced i (2., ) 2 e Expaced i (-,
id d 5 0.85 Al limits are 95% CL = o e Expected limit (-20,,)
consiaere E BN = a4 Al limits are 95% CL
o = =
» two additional jets E

» widely separated

0...wl---- P S RS A vy | O_IIIIIIIII|IIIIIIIlllllllll\lllllklllll

-

° HI h m NLSP (GeV) 65 70 80 90 100 110 120 65 70 80 90 100 110 65 70 80 90 100 65 70 80 90 65 70 80 NLSP (GeV) 1 10 20 30 40 50 60 20 30 40 50 60 30 40 50 60 40 50 60 50 60
g ” P (GeV) o 0 “ LSP (GeV) 0 0 0 0 0 0 0 10 10 10 10 10 20 20 2 20 30 30 30 40 40

No excess above SM observed

Main backgrounds
« WIZ + jets « Upper limits set on the cross-section x BR for
- Electron/jet/tau misidentification these processes

 Multijets and gamma + jets  First ATLAS limits on the cross-section of such

processes
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: . CERN-PH-EP-2014-144
Tau + jets + E_™**

Analysis Overview CERN-PH-EP-2015-162

Four analysis channels
1) Exactly one tau jet + E;misstrigger

2) At least two taus jet + E;misstrigger

3) At least one tau and one electron electron trigger
4) At least one tau and one muon muon trigger

- Additional selections:
- QCD rejection
- SMrejection ( Hy / mgg / Eqmiss )
All channels orthogonal to each other
« Within each channel signal regions target specific signal types
 Statistical combination performed where relevant

In the summary paper the analysis results combined with other SUSY
analyses where applicable

* The best performing analysis is picked for each signal point.
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CERN-PH-EP-2014-144
Background estimation CERN-PH-EP-2015-162

Taus + jets + E_™s*

Main analysis backgrounds 2 tau tau + mu
= 10° T T T E . - - z . e
1 & - ATLAS 4~ Data 2012 = Standard Model 3 2 10t - ATLAS - Data 2012 = Standard Madel
e ttbar and Slngle top g‘;: jo? L \s=8 TeV, 20.3 10" EE{E; El:a{:m . % 12? \s =8TeV, 20.3 fb" EE{JE:" :::':m,
« W _ TV +jets » el B R e et w0
\_ s == GMSB - A =60 TeV tan [ =30 e 10 2 . :
: o 18T .5 : E = 8t
: I = 10? el 0 T |
i s . ; - . : .
«Z - VV+jets J TRUTI S =TT B
[v] 1] .
(a] (m]

== 200 400 600 800 1000 1200 1400 1600 1800 200C 200 400 600 800 1000
M u Itlj EtS H [GeV] ET'* [GeV]

Data-driven estimation, others from simulation directly
Example from one-tau analysis:

« W/Z + jets and top estimated in control regions

- The number of events from each process estimated from data using matrix inversion
- Scale factors to normalise distributions to data produced

* Multijet background estimated from data using ABCD method
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CERN-PH-EP-2014-144
Results CERN-PH-EP-2015-162

1 tau loose 105+14+26 0.58
1 tau tight 3 24+04+08 5.9 0.29
2 tau inclusive g 29+04+0.7 5.7 0.28
2 tau GMSB 0 0.28 £ 0.10 + 0.22 3.4 0.17
2 tau nGM 1 31+05+09 3.8 0.18
2 tau bRPV 1 1.09+£0.19£0.39 4.1 0.20
tau+e GMSB 1 1.34+0.33£0.80 4.1 0.20
tau+e nGM 8 43+09+20 11.4 0.56
tau+e bRPV 3 40+08+1.3 5.3 0.26
tau+e mSUGRA 14 10.0+1.4+30 14.6 0.72
tau+mu GMSB 2 0.98 £+ 0.31 + 0.35 5.3 0.26
tau+mu nGM 2 36+x09+1.2 4.6 0.23
tau+mu bRPV 7 2520610 10.6 0.52
tau+mu mSUGRA 9 99+15+33 9.9 0.49

Signal scenario | 17 SR 27 SR 7+lepton SR

No excess observed above SM o= Tt GVSE  GMSE

expectation in any signal region v = |ne ey oy
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CERN-PH-EP-2014-144

CERN-PH-EP-2015-162
nGM, bRPV-MSUGRA and mGMSB

Interpretations

Natural Gauge Mediation Model, 7 is NLSP, m(q) >> m(g), u = 400 GeV

;' 1 O et R A T (1 PO ) I e o A [ o (A T T e ) (0, 0 e [ T T bRPV-MSUGRA: tan|3=30, A0=-2m0,],L>0
nGM 8 1a0E. ATLAS 13 T LT T T T b sl T T T T hRPV-mSUGRA
N = S e o 1200 — ATLAS T e =
. . ) 1200 ———— - £ B BoBTOV.Lo20" ot Tobe e 7= ] : : :
Combination with |, B 3 IS e 1Combination with
: : 1000 el == = EXpecte + + =4
1-lepton channel  E e : {3-lepton channel
900F- 3 800 =
800F- E m,<750 GeV:
= All limits at 95% CL. =
11 v 7003— = = Expected (10, _f 600 m1/2>680 GeV
= s Observed (416527 -
mg> 00 Ge 600:— '''' Expected ( 1-|:;ty;n (soﬂ+hard)+jeis+E¢iss =
500? ---Expected Tau + jets + ET™° é 400 mo >75 GeV-
VI 0T ST ] I e il e SRR e
400507140 160 180 200 220 240 260 280 300 320 209l L m1/2>59OGeV
Ly 00 2000 2200

m, [GeV]

‘mess =

mGMSB: M =250 TeV, N5 =3,u>0,C_
60 . H T T T T J T T i I T T
A All limits at 95% CL.

tan

== Expected (+1 UeSXUDS)V
== Observed (1 csmwy)

- --Expected Tau + jets + E?

mGMSB

iss

3 o ™" 3 Combination with
C : ATLAS | - 1 3 letpton channel
C : 15=8TeV,Li=20f" | 1
i i . 1 Bestexclusion 3
4 i i | 1 lepton channel
o | Sl | 4 A>75TeV
56' 1 1 1 | 1 1 élo 1 ‘i I(I)H 1 1 I11|\0I i

A [TeV]
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CERN-PH-EP-2014-144
Simplified two-step grids =~ CERN-PH-EP-2015-162

Interpretation

99 production, g — quj{? / qqﬂ:i:’ I quvi?, M, =M. = (M+mo)/2, m = m; = (m +ms)/2
2 1 1 ‘ X, 1
900 1Ty [ TIL T3 | L BRUSE I | v LR I ! I L ! | | B I L | L I S | E= -k

= C ]
A N . m, > 1220 GeV
& o o Vs=8TeV, L=203fb" —— Observed limit (1 ohor) 7 Z g
760 E_ Taus + jets + E'T"Iss - -~ Expected limit (1 o,,;) = 4 - -
g Fih s light neutralino
600 — —
500 — —
400 |— — ms(‘” > 280 Gev
300 = —; = -
3 (light gluino)
100 b e E (0 1
400 500 600 700 800 900 1000 1100 1200 1300 1400
my [GeV]
§q production, g — qwx /q x /qv x m m =(m. +ano)/2, m=m; = (m~u+mio)/2
— 500 _l T T T | IIIIIIII I I T T L] 1 T T ‘I | I ] T T Ile I‘ T T I_
> — =1 /]
8 .E ATLAS Gombined Exc = q v/t
e M. S  my > 850 GeV
400 l/s"’\.\ Taus + jets + E'T"’ss ——— Expected limit (+1 p) — 4 < q
50 :_é‘ All Limits at 95% CL _f ~:t f/)/ Xl I - -
5 g g iIght neutralino
3 ey - 3 ( g
E l‘““‘:. = .",,,..--——'_.u-u'u-w ..... n.“.‘.' E XZ 1/
- i p
20 55 S / / 2 — >
Yy E
= -\ T X
= \\‘ I ™
1)) (light squark)
C - =
50 _l 1 1 1 | 1 1 1 1 | | 1 1 K I 1 1 /| 1 ‘ 1 1 1 1 I 1 I:'\I 1! | A | 1 1
300 400 500 600 700 800 900 1000
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Conclusions

A large number of results for photon and tau
sighatures

 Many channels considered covering a wide
range of final states

e No excesses above SM observed so far
* Limits set in a wide variety of models

Next round of searches for run-ll already in
progress!
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Papers presented

. “Search for photonic sighatures of gauge-mediated supersymmetry in 8
TeV pp collisions with the ATLAS detector”
CERN-PH-EP-2015-168 arXiv

Il. “Search for exotic Higgs-boson decays in events with at least one
photon, missing transverse momentum, and two forward jets produced in
s = V8 TeV pp collisions with the ATLAS detector”

ATLAS-CONF-2015-001 CDS

lll. “Search for supersymmetry in events with large missing transverse
momentum, jets, and at least one tau lepton in 20 fb-1 of s= V8 TeV proton-
proton collision data with the ATLAS detector”

CERN-PH-EP-2014-144 arXiv

IV. “Search for supersymmetry in events with large missing transverse
momentum, jets, and at least one tau lepton in 20 fb-1 of svV=8 TeV proton-
proton collision data with the ATLAS detector”

CERN-PH-EP-2015-162 arXiv
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Back-up material
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Photon analysis

Data/MC comparison

Dlphoton
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Data/SM

Data/SM

Photon + b-jet
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Photon + jet

———T
ATLAS

e .
\s=8TeV,20.3fb" -e-Data 201
(M, =1150,u =175 [@yi

[ imy=1150,u =650 [li—v mis-ID

£g . Cwy, zy é
P 102 '_' SR! Mt ty =
S ] Ee—y mis-ID E
(]>_) 10 stat. ® syst. =
= 3
1
107§
102
2 5
S
IS
R e o SRS
S e
0 100 200 300 400 500

E™S [GeV]

; \s= 8TeV 203fb‘ +Data2012
[ Img =300Gev Wy, Zy
. Wi—y mis-ID
il @i, tiy, t
sR" [Dothers
Dstat. @ syst.

Data/SM

50 100 150 200 250 300
ET* [GeV]




Tau + jets + E ™'

Background estimation methods

Background estimation
methods used in each
analysis channel

Background 1r or 7+ lepton ° G ene ral Iy S p I it

W+jets (true) | matrix inversion L . -
matrix inversion

W+ jets (fake) | matrix nversion between true and fake

Z+jets (true) with W+jets matrix inversion -

Z+jets (fake) with Wjets - - t t - b t'

Top (true) matrix inversion Lo . matrix inversion au co n rl u I 0 n S ]
o ) matrix inversion .. i

Top (fake) matrix inversion matrix inversion

Multijets ABCD method | jet-smearing method | matrix method

Do Fromsimiior | fomsmin [ smnor © ] N@SE CAN be
different as they arise
from mismodelling In
misidentified jets
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