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Supersymmetry

| The Standard Model | I Supersymmetry |

Fermions Bosons Shosons Sfermions

Superpartner for every SM particle

@ Spin difers by one half.

@ Mostly heavier than SM
partners — broken symmetry
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@ Rich array of signatures to
search for at the LHC and
future LC.

Mass generation

v New superpartners cancel quadratic divergences in Higgs mass corrections.
v R-parity conserving models offer a stable LSP (usually )2(1)) — a good dark matter candidate.

To avoid high levels of “unnatural” fine tuning in Higgs mass corrections, some sparticles need
to be light. For natural SUSY (low levels of fine tuning)

@ Light higgsinos
@ Light stop (<1 TeV)
@ Light gluinos (< 1 —2 TeV)
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SUSY Search Strategy

Search strategy designed to provide coverage for a broad class of SUSY
models

Prompt | Long-lived J
R-Parity Conserving J R-Parity Violating J RPC or
RPV.
Strong | 3rd gen. | EWK RPC RPV
-
1gstu:n20nsé _ prod. prod. Various
gen. stop, EWKinos, RPV RPV ranges of
squarks sbottom sleptons decays decays ) lifetimes

For each search, a number of signal regions is optimised based on a variety
of models
Focus today on recent 3" gen., EWK and v+X results
+ pMSSM interpretations.
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Third Generation SUSY Searches

Expect light stops for natural SUSY.
Example: Compressed scenarios, t; — C)NC?, or by — bf(?
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Third Generation SUSY Searches

o @ ~0 = =0
Example: Compressed scenarios, t1 — cXi, or by — bXi

Small Am = m(t) — m()NC(f) or Am = m(by) — m()NC(l)) leave little visible energy in
detectors = difficult to distinguish from SM background.

(o]\V/ ) JHEP 06 (2015) 116

19.7 b (8 TeV)
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@ Monojet selecti ## and bib S =! E

onojet selection targets tit; and by by 3 1 == E

3 ] miss c E I DiBoson 3

@ Single jet (ISR) + E% g IS
@ 7 SR: jet pr > 250 — 550 GeV

o

Z(vv)+jets and W(lv)+jets from Z(pup)
and W(uv) in data.

@ VV, multijet and tt from simulation
corrected to data.

Data - MC
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Third Generation SUSY Searches

o R ~0 - ~0
Example: Compressed scenarios, t1 — cXi, or by — bXi

Small Am = m(t) — m()N((l)) or Am = m(by) — m()~<(1)) leave little visible energy in
detectors = difficult to distinguish from SM background.

ATLAS Phys. Rev. D 90, 052008 (2014)

S

@ Monojet selection targets &1y and by b
@ Single jet (ISR) + Emiss
@ 3 SR: large jet pr and E%‘iss

T T T
Signal Region C1/C2
ATLAS e Data2012

| Lot=203 1", fs-8 Tev

Events / 50 GeV
3,

@ c-tagging selection targets tif;

@ 4 jets, >1 c-tagged jet
@ 2 SR: large jet pp and E}'S®

@ Z(vv)+jets and W (lv)+jets from 0
simulation corrected to data.

RRRNRARRARET=I

Data/ SM

@ tt from simulation
(corrected to data for c-tagged SR).

@ Others from simulation.
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Third Generation SUSY Searches

. o o 62 ~0
Exclusion limits t; — cX1

arXiv:1506.08616 JHEP 06 (2015) 116
-t production, t— t%/c 5{2

700 [ e

I

g2

, production, f- b 1K/ T~ ¢ X, 1T~ Wb /Tt

—— SUS-14-015 1,2-lep (2 and 3 body decays) 19.5 b
m; [Ge! —— SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.5 b
Expected limits  All limits at 95% CL. B —— SUS-14-011 0,1, 2-lep (Razor) 19.3 fb™
200 SUS-14-001 Monojet (i ¢ X,) 19.7 fb*
—— SUS-14-021 1-lep (4 body detays) 19.7 fb™*
—— SUS-14-021 2-lep (4 body decays) 19.7 fb™*

S B L B O L B e %’
8 ATLAS GegTev, 20’ X i (O} [CMS — Observed
‘_D‘z 200] :gtgécommned %x— § 600 ;‘/g =8 TeV - - - Expected
£ ww E £ F— SUS-13-023 0-lep (2 body decays) 18.9 fb™
::’Lv S 5 % [ —— SUS-14-001 0-lep (2body decays) 19.4fb*
. Ml ol = 500 SUS-13-011 1-lep (2 and 3 body decays) 19.5 fb’

ST TTT T [ TT T T I T[T T 17T T

700 800 ? ’\HH\HH\HH A
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m; [Gev]

stop mass [GeV]
% masses below ~250 GeV are excluded for m(¥;) — m(X3) < 85 GeV.
Similar limits on #; — XY set by ATLAS and CMS.
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BR(i, > c ) + BR{E, > bff ¥) =1

T FATLAS T " T e prod. cross section ]

o qgr L et Obs. limit BR{, — ¢ 7)) = 1 -

Efs-8Tev, 201" Obs. limit BRE, > ¢ 7) =075 3

Obs. limit BRE, - ¢ 7)) =050 ]

10° ;A" fimits at 95% CL Obs. imit BRE, > ¢ 7)) =025

E ~——— Obs.mitBR{, > c %) =0 3

L L, ]

1L Am{, %)) = 10 GeV _

10 =

P R R

100 150 200 250 300 350

m- [GeV]

For very small m(%;) — m(X?), the
limits do not depend on

BR(tl — CXl)

o [pb]

BR(t‘acx)+BR(t‘~)be)_1

FATLAS T R e e ]
10t L oL ww —— Obs. limit BR{, > ¢ 7)) =1
Efs-8Tov, 20" ——— Obs. limit BR{, ¢ ) = 0.75
——— Obs. limit BR{, > ¢ %) = 0.50
10° ?A" fimits at 95% CL ——— Obs. limit BR, - ¢ ) = 0.25
E ~——— Obs. limit BRE, > ¢ ) =0
102 B am, 7)) =80 Gev
10
17\”"\HH\HH\HH\‘H‘?
100 150 200 250 300 350
mi[GeV]
~ =0 .
For m(t;) — m(Xi) ~ W, the limits

can vary by ~ 100 GeV depending
on BR.



Third Generation SUSY Searches

N ~0
Exclusion limits by — bX1

19.4-19.7 fb (8 Tev)

<~ 600
2 CcMs
9 Dijet b-tagged search B(B b Q}) = 100%
oy 500| Monojet search v
E fr—
— g:seealee:f ::'g‘“ NLO-NLL exclusion
< 600 bb produc\\on BR(b jb‘x‘) . 1‘ S 400L p * /exp i
8  ramas O ot E r ]
e 500 [ -5 Tev, 201" o] . 1
E E Al limits at 95% GL . Expeciea U PIONS + 2 0ets ¢ £ (0L 3001~ —
400 = [ ]
300 T e B 2001 B
200~ E 100¢ .
100 - L d
£ 0y - L PR IV IO AT W) P
R BRI S A NI N B N At 00 200 300 400 500 600 700

QIOO 200 300 400 500 600 700
m; [GeV] mg (GeVv)

by masses below ~280 GeV are excluded for small m(by) — m(i(l)).
Similar limits on by — bX3 set by ATLAS and CMS.
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Electroweak SUSY Searches ATLAS arXiv:1509.07152

ATLAS \s=8 TeV, 20.3 fb™!

%eoc::'iwH}H‘HH‘HH‘HHE‘H‘M“‘_H

> 21, arXiv:1403.5294 === Expected limits

Focus on compressed scenarios and low ) = Graenveatimis
) e 2 0 T e

cross-section processes (77, VBF prod.) i U,

T e Ue smnesonen "Uyen0Sngeng

via (V. 26430

o0 -
Toly — via Ty 3wl

@ 2/ selections using super-razor variables 20
~+ ~—
target compressed X1 X1 .
[ PRI O O

@ 3¢ soft leptons/ISR and SS 2¢ MVA target P TR T § N
~+ ~ ~t =0 -0
compressed X1 X3. T Xy X ) GeV]

Sinpified Model: 2% 51y IFVLITUE Y SV E N IE

T T T e T
ATLAS m=xtm,
¥5=8TeV,203 "
Al limits at 95% CL

S
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 [pb]

@ 27 MVA target 77.
;) =0 Gev

ot ot 10 a
@ SS 2¢ target VBF X1 X7 . L0 Theory 10
— Observed Limit
+... Expected Limit
x=0.05
~—x=025
~—x=0.50
—x=075
—x=095

@ New analyses + combinations to set limits.

@ Little dependence on mass of intermediate 10°
slepton for /-mediated decays.

y 100 200 300 400 500 600 700
m,A;[GeV]
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SUSY Searches with photons

Focus on GGM scenarios with bino-, wino- or higgsino-like >~<(1) NLSP.

CMS arXiv:1507.02898 T T

s s

£ | =emeceas =yz2 |l s B

2000 p

@ v + 2 jets + large Ef*'®° , Z“

i 1500fs s

. . 2% .-

@ ~vy + 1 jets + super-razor variables 2 E

@ Interpretations for gluino E 12

. . . . . q o

production with bino- or wino-like ~0 soof ‘ ‘ I
NLSP m(X1)=375 GeV S0 1000 100 2000

m, (GeV)

ATLAS arXiv:1507.05493

GGM: bino-like neutralino, gluino production

@ v, vL, vb or vj. 3 tooof ATLas == Observed Imit (+ 1 07,5
€ ook

SRy analysis Expected limit (+ 16,
fs=8TeV, 203"

@ Selections on EXSS, meg, Hr,

m& (v£), mpy and m7- (vb),
jet momentum balance R% (v)).

Expected limit (+ 2 0¢,,)
. Al limits at 95 % CL -

@ Interpretations for wino or 1200 ,f*“"
0 a o 0 £ &
gluino(+higgsino) production, 1100F-
with bino-, wino- or 10005~ —545—"360 500 800" 7000 " 1200 14(‘20\/
higgsino/bino-like NLSP. my [GeV]
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ATLAS SUSY Searches* - 95% CL Lower Limi

Status: July 2015
Model

emTY Jets B fram

Mass limit

ATLAS Preliminary

V5=7,8TeV

Reference

MSUGRAGMSSM 0327 210jelsBb Yes 203 m@)emis) 150705525
7 0 G5 Yes 203 -0 GeV, mi1 g Jem(2 gen. ) Yaos7875
(compressed) monodet  13jets  Yos 203 (s <10Gev 1507.05525
| 2eploffz)  2jels  Yes 203 (F1)<0 Gev 150303290
i 26jels  Yos 203 -0Gev 14057875
@ 0 Oteu  26jels 20 1<300Gev, mii*)-0 smifhyomie) 1507.05525
2 3—agl 0/t )T] 204 03jels - 20 1-0Gev 160103555
GISB (/ NLSP) 1275010 020t Yes 203 20 14070603
GGM (oino NLSP) 2y S Yes 03 1507.05499
(GGM (higgsino-bino NLSP) v 1h Yes 203 m(F})<900 GeV, cr{NLSP}<0.1 mm, <0 1507.05493
‘GGM (higgsino-bino NLSP) v 2jels  Yes 203 (i1 <B50 GeV,cr(NLSP}<0.1 mm. >0 1507 05453
‘GGM (higgsino NLSP) 2e4() 2l Yes 203 INLSPI>430Ge 150303260
Gravitino LSP 0 monojel Yes 203 (G110 oV m 180201518
o 3h  ves 201 1407.0600
0 70jls Yes 203 1308 1841
Oten  3b Yes 201 1407.0600
Olen  3b Yes 201 1407.0600
3 @b e m m(Eh)<90Gev 13082631
b A 275440 GV miEf)-2 mi) 14042500

i i Yes 4. mo;s | 230460GeV D =) 5560V 12092102, 1407 0585
Fu,q«wu(.orm uzut 02jets/1-26 Yes o 210700GeV. mif) 1506.08616
i morojeteaner 203 ...mmw;ase.v 16070608
T inatoral GMse) 2e4@  1b Yes 203 . 150580Gev )150GoV 1403 5222
B hoh 42 Bep?  th  Yes 203 290600 GeV i <zs0cev 1403.5222
2ep 0 ves 203 W)-0Gov 16035204
2em 0 ves 203 m{E1)=0 GeV. il 705 o) 14005204
T 27 - Yes 203 m(E})-0 GeV, "\(7 w-us{m(i?bm@?‘.‘n 1407.0350
b, o Fen 0 ves 203 mm...m, miE)-0, (el 14027029

W ZE) 23ep  02jels Yes 203 mw ) miE})=0, i..m;mm.a 1403.5204, 1402.7029.
O bWy €Y 025 Yes 203 -0, seplons docoupled 107110
Ros Il dep 0 Yes 203 m(ﬁ‘v-mw‘w. mw’»o‘ fitkw i 14055086
GOM (vino NLSP)weakprod.  Tewisy - Yes 203 1507.05459
prod. long ved i  Disapp.k  1jet  Yes 203 e . To105675
irect 11y prod., ongived £+ dE/dx'rk N Yes 184 m{k7)-m(i?)~160 MoV, rFj)<15 ns 1506.05332
Stable, smpped & R-hadron 15jets  Yes 279 m(F})=100 GeV, 10 us<r(Z)<1000 5 13106584
table 2 R-hadron - < e 14116705
GMSB, stable 7, ¥} —7(z. i)er(e.p) 1 2u - S e 10<tang<50 14116795
omss, . F—G, long-ived £} - Yes 203 2erity<ans, 5PSe st 14005542
uviﬁa vl do s - - w3 7 <ertt}y< 740 mo, m 150405162
S rlont e R S ntbe o it o T
LV gy Xsplerr ot 203 [T Ip——— 150308430
PV Ol #(SS) 03b  Yos 208 mi@=mG), crisp<t mm 16042500
4 ep - Yes 203 miEl)>0, Zxrwh ). A ao 14055086
depst - Yes 208 miEheo. 14055086
0 67es - 203 o 150205685
0 67es - 208 #1600 Gov 150205686
2eu(SS) 035  Yes 203 250

0 2es+2h - 208 ATLAS CONF 2015.026

i) 2es 25 - 3 BRI belp)20% ATLAS CONF 2015015
- Scalar charm, ¢ 0 2c  Yes 203 | ! miit)<200Gov. 1501.01325

107! 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. Al limits quoted are observed minus 1o theoretical signal cross section uncertainty.




squark gluino production

stop

sbottom

slepton  EWK gauginos

RPV

Summary of CMS SUSY Results* in SMS framework

200

*Observed limits, theory uncertainties not included

Only a selection of available mass limits

Probe *up to* the quoted mass limit

400

600

CMS Preliminary

For decays with intermediate mass,
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pMSSM Interpretations

ATLAS JHEP 10 (2015) 134

Study the impact of the full set of ATLAS SUSY searches on the pMSSM.

Use 19-parameter pMSSM

@ Minimal flavor violation with no new source of CP violation

@ Degenerate 1st and 2nd generation squarks and sleptons

@ No RPV and the LSP is the X7

500x10° models in the pMSSM are randomly sampled.
300103 models survive theory and non-LHC constraints
(precision EW, LEP, Higgs, DM)

22 ATLAS Run 1 RPC SUSY searches are reinterpreted in
the pMSSM =- 200 SR!

Best expected SR used for exclusion.

Makes full use of ATLAS simulation, reconstruction and

analysis.
>30x107 events generated for truth-based analysis.

>600x10° events simulated & reconstructed.

Most comprehensive results from ATLAS on SUSY to
date

Tina Potter SUSY searches at the LHC

Analysis

O-lepton + 2 6 jets + E:

0O-lepton + 7-10 jef
1-lepton + jets +
7(7/0) + jots + Exis
SS/3-leptons + jets + E!
0/1-lepton + 3b-jets +
Monojet

0-lepton stop

1-lepton stop
2-leptons stop
Monojet stop

Stop with Z boson
2h- Eiss

2-leptons
2-7

3-leptons
4-leptons

Disappearing Track

Long-lived particle

HIA— 17~
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pMSSM Interpretations ATLAS JHEP 10 (2015) 134

ATLAS pmssm: X Lsp a0, THAS pMSSM: ¥ LsP " < eoo ATHAS PMSSM: K sp .
1 s T : . . s S .
§ (=B TeV, 203 " ‘ g E [ 5=8TeV, 203 b =t - Wb}, € § | e=8Tev,203fb ' 3
= 5 S = i T k] ~ — ke]
@ﬁloou— — § - agX [1405.7875] el & oo — [ -t - bff';f 088 & [ &f [1403.5294] 083
£ 0 € L % E 400}-Electroweak searches %
g [ 068 L 068
062 [ s =
- 400~ - r 5
500 r 45 r 0.4 §
0.4§ F 0.4 % 200 %
g [ € t g
oot 2001~ oo [ 02T
L A I ]
500 1000 1500  2000° %7200 400 600 800 1000 0 400
m@ [GeV] m(t) [GeV] - mbeev)
Good agreement with simplified models. Simplified model overestimates reach (100% BR). Good agreement with simplified models.
Diagonal excluded by mono-jet analysis. Higgs mass constraint excludes light ¥ models
Intermediate sparticles reduce exclusion B .
for heavy &. Heavy ¥ models with long-lived X1~ excluded by
disappearing track analysis.
_ " . s
< 2000 ATLAS Vs =8Tev, 20.3 b 1oy @ Highest sensitivity to strong processes.
) 09 I
3 o2 & @ Simplified models +» pMSSM models
<
= 07 3 .
0s B (some differences observed).
05 ©
= . .
o4 £ @ Good complementarity between different
0.3 [
02 - searches and with direct detection
0.1 experiments (see paper for details).
0
Sparticle =] ) = = =
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pMSSM Interpretations CMS CMS-PAS-SUS-13-020

Combination of 7 TeV and 8 TeV results to scan 19-parameter pMSSM.
Prompt decays only ()NC% lifetime <10 mm).
Bayesian approach (see paper for details).
Likelihood constructed from non-Direct CMS Searches, “non-DCS":
indirect measurements, Higgs, and non-LHC data (not DM).

3 analyses included

@ Hadronic HT+MHT (strong production)

@ Hadronic HTH+MET + b-jets (34 gen.)

@ Leptonic EW (SS, 3¢, 42 channels)

.10? pPMSSM, CMS preliminan x10? PMSSM, CMS preliminary »10° pMSSM, CMS preliminary
r PrTICS() prior from non-DCS data 09 Pe"ECS(@) prior from non-DCS data p55(9) prior from non-DCS data
—— D(BID) HT + MHT, 7 TeV, 4.98 fbo™ —— P(BID™S) HT + MET + b-jets, 1BL, 7 TeV, 4.98 fb* —— p(OID™*) EW prod i ¥ T, 7 Tev, 4.98 o
—— P(OID™%) HT + MHT, 8 TeV, 195 fo 0.8[~  —— p(OID™"%) HT + MET + bijets, 8 TeV, 19.4 fi 0.5~ —— p(OID™) EW prod i X 1.8 Tev. 19.5 b
0.8/~ = p(OID™) HT + MHT, 7 and 8 Tev —— p(OID™%) HT + MET + b-jets, 7(1BL) and 8 TeV —— p(OID"™) EW prod X' X T, 7 and 8 Tev
4 p=05 =yl w15 % 07 05 —pel0 Y15 3 05 =psL0 =15
3 S | T T g S o4
2 2 o 2
& 2 s g
3 3 3 os-
> >
2 £ oa- g
8 k] g
8 g o3- 8 02
g g 3
02
01—
o
= | | | | I | |
%00 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
g mass [GeV] T,mass [GeV] &. If, mass [GeV]
Strong analyses disfavour & masses < 1.2 TeV Third gen. analyses have negligible impact on & EW analyses slightly disfavour small # mass
mass
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Summary

@ LHC is searching in many different channels for SUSY.
@ Did not find SUSY in 7 TeV and 8 TeV runs.
@ Evaluated SUSY searches on a broad set of pMSSM models.
@ Strong SUSY production is excluded to high masses.
More room left in third generation and EWK SUSY scenarios.

@ 13 TeV LHC run already begun
— great potential for SUSY discovery!
g . . ; . . 42 pb’' (13 TeV)
i e omdsw-s ] 5 ECMS « oma ! ' ! ‘ ]
Sk AILAS Prlminary [ —— 4 5 | Prelminay B vsiets ATLAS Online Luminosity ~ {s=13Tev ]
E [ oLomem swe m+ 5 [ LHC Delivered =
g 7; w E;Z;::f [JATLAS Recorded ]

IS

w
T T T[T [T

Total Delivered: 4.23 fb™
Total Recorded: 3.90 fb*

Total Integrated Luminosity [fb™]
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