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+ SUSY offers eloquent solutions to many pressing issues in the SM
+ Natural cancelation of Higgs mass divergences
+ DM candidate with stable lightest SUSY particle (LSP)
+ Potential gauge coupling strength unification

+ The experimentalist’s note:
o “SUSY” used as a proxy for a broader class of new physics models
+ Ex. Search for production of any new particles decaying to stable DM
+ Alternatively, see Annapaola De Cosa 8/31 for pure DM production
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An Experimentalist’s Playground
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+ Rich spectrum can be broken down into individual signatures
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The Experimentalist’s Challenge
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¢ SUSY production buried under
mountain of SM background

+ Goal to accurately measure SM
contributions in regions where new
physics may have significant
contributions

+ This talk:

o Give flavor of where we search
and how we measure SM
backgrounds

+ Can’t possibly cover all
results...

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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Inclusive Searches
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Inclusive Hadronic
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Events / 50 GeV

Data / SM

Inclusive single lepton
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1507.05525 Inclusive summary paper
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Inclusive same-sign dilepton

+ Select events with two isolated like-charge e or
+ Consider bins with low/high MET, HT, nJet, and nB
+ Significant background from “fake” leptons

+ Measured with data-driven prediction of fake rate

+ Extrapolate from loose isolation sidebands to tight signal regions
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See also: Peter Thomassen 9/3
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Inclusive with photons

+ Select events with two isolated high p; photons
+ Generically present in many GMSB scenarios

+ Signal regions targeting strong and weak production, and
light and heavy LSP

+ Isolation sidebands used to define proxy control sample to
predict MET shape for yy and y,jet backgrounds

GGM: bino-like neutralino, gluino production
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Summary photon paper including many final states
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Targeted Searches
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*

Direct stau pair production

Select events with two hadronic tau
candidates with opposite charge

Veto b-jets and Z candidates

Train Boosted Decision Tree to separate

signal from backgrounds

Backgrounds predicted by normalizing MC
to data control regions in BDT sidebands
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See also: Alexander Mann, Hamed Bakhshiansohi 9/2

One of many new results in upcoming ATLAS EW summary paper
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Direct stop productlon
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See also: Kerim Suruliz, Lara Lloret Iglesias 9/1
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Exploring Gaps
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Precision top as SUSY search

+ Stop with mass equal to top, and m(LSP) ~ O presents a unique challenge
+ Dominant top background has identical decay products
+ Measuring o(tt) with sufficient precision allows reinterpretation as limit on SUSY
+ Subtle angular decay correlation differences exploited to squeeze further
discrimination
+ Included in new 3™ generation summary paper: 1506.08616
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events /5 GeV

data/MC

Soft leptons with ISR

Compressed stop decays also present unique challenges
+ Soft decay products with m(stop) ~ m(LSP)
+ Conventional high p; stop searches won’t work
Select events with 1 or 2 low p; leptons (5-25 GeV)

Boost SUSY system to give visible MET with recoil against
an ISR jet a la “monojet” searches

CMS Preliminary 19.7 fb™ at s = 8 TeV
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Events / 0.1 radians

Data/SM

Soft multi-leptons

Similarly, target 3 soft leptons (p; < 30 GeV) + ISR b
Dedicated ISR regions require a jet with p;> 50 GeV

back-to-back with MET

Target small mass splitting with low mass for same- P
flavor, opposite-charge lepton pair

Soft lepton search complementary to higher p; search
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See also: Alexander Mann, Hamed Bakhshiansohi 9/2
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Compressed search with VBF

+ Can also tackle compressed systems recoiling against VBF jets
+ Lower cross sections, but additional search variable with VBF di-jet mass
¢ Also pick up efficiency from events with 2 ISR jets

+ Veto jets and leptons to search for very soft

decay products completely missed by the

CMS-SUS-14-019
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Taking Stock
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quark gluino production

stop

bottom

EWK gauginos s

slepton

RPV

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: July 2015

Summary of 8 TeV searches

ATLAS Preliminary

. Model &u Ty Jets EP™ [Laqm Mass limit [V5=7TeV| +5=8Tev Reference
Summary of CMS SUSY Results* in SMS framework I( T
MSUGRA/GMISSM 03eui2r 210jotsi3b Yos 203 |G 1.8 TeV miil-miz) 1507.05525
) Siels  Yes 203 |d 850 GeV ()20 GeV, m{1# gen.qJ=m(2% gen. 1) 1405 7875
@ monojet  1-3jets  Yes 203 |4 100-440 GeV. migl-m(E)<10Gev 1507.05525
% 2ep(oftz) 2jets  Yes 203 |4 780 GeV. a‘ 1503.03290
5 iy 6jets  Yes 203 |& 133 TeV. 14057875
Q| 3z, 3oqaliogqW ) Olepu  26jots  Yes 20 |& 1.26 TeV 1507.05525
DB dmagllLiLvjT, 2ep  0Bjets - 20 |z 132TeV. 1501.03555
2 Guss (I NLsP) 1274010 O2jels  Yes 203 |& 16TeV 1407.0608
3 GGM(bino NLSP) 2y - Yes 203 [z 1.29 TeV. r(NLSP)<0.1 mm 1507.05493
©  GGM (higgsino-bino NLSP) 7 1b Yes 203 |2 1.3TeV m(F})<800 GeV, cr(NLSP)<0.1 mm, <0 1507.05493
= GGM (higgsino-bino NLSP) ¥ 2jets Yes 203 |& 1.25 TeV m(F})<850 GeV, cr(NLSP)<0.1 mm, =0 1507.05493
GGM (higgsino NLSP) 2eu(Z) 2jets Yes 203 z 850 GeV' m(NLSP)>430GeV' 1503.03290
Rl Gravitino LSP o mono-jet  Yes 20.3 F112 scale 865 GeV m(G)>1.8x 10 eV, m{z)=m(3)=1.5TeV 1502.01518
cog o 3h Yes 201 & 1.25TeV. m{F})<400GeV 1407.0600
g3 o 7M0jets Yes 203 |2 1.1TeV i) <350GeV. 1308.1841
< & 01 e 3b Yes 204 & 1.34 TeV m{)<400GeV 1407.0600
o o 01 e 3b Yes  20.1 i 1.3TeV mi{})<300 GeV 1407.0600
e 2b Yes 2u 1 100-620 GeV' miF})<80GeV 1308.2631
5% 2e,u(88)  03h 275440 GeV. mii7)=2 mM 1404.2500
§§ 12epn  12b  Yes 4 7/20 a i v 230-060 GeV. mih), m(i)-65 Gev 12092102, 1407.0583
29 0-2ep 0-2jets1-2b Yes i 90-191 GeV' 210-700 GeV' m GeV 1506.08616
CMS Preliminar 5 o, moropiciagves 203 A sosocey i sy
y =8 2e4(2) b Yes 203 |7 150-580 GeV/ mit}>150GeV 14035222
For decays with intermediate mass, -3 Seu 16 Yes 203 |k 290-600 GeV’ mii!)<200GeV 14055222
2 m,, ermediate = X.mn’l - +(1 -x)-m 2ep o Yes 203 i 90-325 GeV 1403.5294
mother 2ep 0 Yes 203 |t 465 GeV. 1403.5294
27 - Yes 203 | 100-350 GeV. 1407.0350
= E 3ep 0 Yes 203 | R 700 GeV 14027029
wg Wiz 25eu  O2jets  Yes 203 |inid 420 GeV. . sleplons decoupled | 14035294, 1402.7029
W)( h’n hobb/WWjttjyy €Y 0-2h Yes  20.3 X;, 3 250 GeV' ) sleptons decoupled 1501.07110
Irl 4e. o Yes 203 Mo, 620 GV 0.5(m{P3)+m{i})) 1405.5086.
GOM (wioNESP) woakprod. 1 eury - Yes 203 |w 124-361 GeV. 1507.05493
Direct ¥1.¥; prod., long-ived ¥; ~ Disapp. trk 1 jet Yes 203 i; 270 GeV 13103675
Direct ¥\ ¥, prod., long-ived ¥;  dE/dx trk - Yes 184 | 482 GeV 1506.06332
B g stavlo, stopped i A-hadron o 15jets  Yes 279 | 832 GeV 0 GeV, 10 s<r(2)<1000 5 13106584
SO Stable g R-hadron trk - - 19.1 z 1.27 Tev 1411.6795
2% cmss, stable 7, B, Asteq) V24 - - 191 | @ GeV 10<tang<50 14116795
S Q GMSB.¥1-yG, long-lived ¥ 3 Yes 203 |y 435 GeV 2<r(k})<3 ne. SPS8 model 1409.5542
x‘,‘wm,,w/,‘,w displ. eefepfuu - - 203 |y 1.0TeV 7 <crtff)< 740 mm, miz)=1 3TeV 1504.05162
GGM g2, 10—2G displ. vix +jets - - 203 [&) 1.0TeV & <crid)< 480 mm, m{z)=11TeV. 150405162
LEV ppv, + X Srepferjur eperut - - 208 |% ATTeV, =011 dismysszss=0.07 1503.04430
Biinear PV CMSSM 2cu(SS) 03h Yes 203 |a. 1.35Tev mg)-m(g), crosp<t mm 144.2500
bt ”‘”A )(rw,‘ epv, 4ep - Yes 203 | &y 750 GeV m(P)>0.2xm(F7), dizi 20 1405.5086
> ¥ oW orrpeery, Bep+T - Yes 203 | 450 GeV v xm(i7), A 1405.5086
| | EL: 22,2499 o 6-7 jets. - 203 H 917 GeV BRI(1)=BR(&)-BR( 1502.05686
88 G080, %) — g 67 jets - 203 |& 870 GeV m(E})=600 GeV 1502.05686
1600 1800 3, 3ohn by 2e4(SS) 03b  Yes 203 |& 850 GeV/ 1404.250
*Observed limits, theory uncertainties not included Mass scales [GeV] i 2jets+2b - 203 |z 100-308 GeV' ATLAS-CONF-2015-026.
Only a selection of available mass limits 2ep 2h - 203 |7 0.4-1.0 TeV BRI, —be/)>20% ATLAS-CONF-2015-015
Probe *up to* the quoted mass limit Other Scalar charm, #ct} 0 2¢ Yes 203 490 GeV. mi})<200Gev 1501.01325
1
107! 1 Mass scale [TeV]

“Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus o theoretical signal cross section uncertainty.

+ Dozens of searches completed at 8 TeV!

+ Final tail still in preparation

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

LHCP 2015 - K. Ulmer

19




8 TeV Summaries

0-0 production, g—tt 5’(?
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Long lived and RPV

+ Summaries include entire topics not even touched in this talk...
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See also: Daniela Salvatore 8/31, Matgorzata Kazana 8/31, Junjie Zhu 8/31, Nora Emilia Pettersson 9/2
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pMSSM: a Full Model

phenomenological MSSM a 19 parameter characterization of minimal
SUSY

+ Some assumptions: 15t and 2"9 generations degenerate, R-parity
conservation, no new CP-violation, ...

¢ Much more flexible than 5 parameter CMSSM (MSUGRA)

Allows for scans in parameter space to compare with experimental
searches

+ Scan randomly across the 19 parameters to create many model
points

+ Additional constraints applied based on external measurements: DM
relic density, LEP, flavor, Higgs mass, ...

Test each model point against a range of experimental searches
+ Hadronic, leptonic, Inclusive, 374 generation, EW, ...
Independent scans performed by ATLAS and CMS

CMS-SUS-15-010, ATLAS 1508.06608

See also: Brian Petersen 9/3
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space moves to
higher mass with
new exclusions

3
o
—~ 1000
+ Almost 100% o
exclusion with
m(g)<1TeVand
m(LSP) < 500 GeV 500
¢ Compares well
with SMS
exclusion for
gluinos
¢ Much weaker EW
limits
+ More detailed
dependence
on full 3
spectrum >
+ Remaining allowed §

pMSSM Results
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pMSSM Results

+ Exclusion in relic density vs DM mass plane shows complementarity of
collider and direct dark matter searches

R S R 1=
-Ccfx'_ 10 E -C%é' 10 F
G C o] r

10% E 10% E

i ‘i?; i L |

10° % N 10° = c

c i B W-like LSP - E 7 [ W-like LSP -

C = B B-like LSP - - [l BlikeLSP

ATLAS o u lke LSP " ATLAS n Ik LSP

Before ATLAS Run 1 .. I Aike LSP After ATLAS Run 1 - [ A-like LSP
10-4 1 1 [ | ‘ - o1 | Lo ‘ 10—4 1 1 I I | ‘ . 1 |
10° 10° 10° 10°
m(z") [GeV] m(E’) [GeV]
(a) Before ATLAS Run 1 (b) After ATLAS Run 1

+ Nature of LSP has strong effect on sensitivity

+ Wino-like and Higgsino-like LSPs have charged partners with strong
limits from LEP

+ No a priori reason to expect a simple DM sector
+ Exclusions strongest at low masses, but reach up to ~800 GeV
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Preparation for 13 TeV
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13

TeV data!

+ Reconstruction performance being tested extensively for entire SUSY
analysis decay chain with first 13 TeV data

+ Too early for competitive new physics results, but ATLAS and CMS on
track for results when appropriate luminosity is available

CMS Ppreliminary 42 pb' (13 TeV) CMS Preliminary 42 pb' (13 TeV)
1 4 - T I—-. T T T T T T T T T T T T T (. 1 4 T T T ! LA R N L R S B NN B B B B BN B
B : Denom: HT475, no leptons —600 - Denom: Ele27 Il DoubleEle8, n = 4 H_ > 500;120
1.2 g(H >1010 GeV) = 99.7:?_-42 % § 1.2 | €(ET"™°>250 GeV) =100.0"7 % _
— B 98% of plateau at 963 GeV 1900 = C 98% of plateau at 214 GeV —|1gp
2 f —400 & o Heo ©
E 0.8 T Te) 0 0.8 ] o
- . ™ C i o
S ool oo 3 T o6 Ueo &
g 0.6 1 2 = 0.6[ 60 2
O - - e & r - g
[ 0.4f 200 W g 045 o v
0.2k 2100 0 0.2 20
:| ) ) ) | ) ) ) | ) f - : 0 L, 1 PRI R R T S N 1 ,—:0
%00 800 1000 1200  1400° 0 100 200 300 400

Offline H; [GeV]

Offline ET**° [GeV]

+ Sample trigger efficiency measurements from 50 ns data

CMS-DP2015-035
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Top and W backgrounds

42 pb™ (13 TeV)
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CMS-DP2015-035, ATL-PHYS-PUB-2015-028

LHCP 2015 - K. Ulmer 27



/ and QCD backgrounds
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Single lepton searches
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Di-lepton and photon searches

CMS Preliminary 42 pb' (13 TeV)
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Same-sign dilepton search utilizes isolation sidebands

to predict fake prompt lepton backgrounds.

Isolation distributions well understood for prompt

and non-prompt leptons

CMS-DP2015-035, ATLAS-EGAM-2015-003
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Summary

+ Vast program of searches for Supersymmetry at ATLAS and CMS

+ Cover array of final states: jets, leptons, photons, missing energy, ...

+ Varied and robust methods to estimate SM background reliably
+ Searching for any deviation we might have access to

+ Readytodoitall again at 13 TeV
+ Starting from a very strong base of experience from Run 1

+ There are exciting times ahead!
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Additional Slides
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Dilepton excesses
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JHEP 04 (2015) 124 + No hints of either excess in the other

experiment, though still something to
watch at 13 TeV
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