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Introduction

® SUSY: each SM particle gets assigned at least one partner
with spin differing by 2
® SUSY can provide solutions to many open questions:
e Large radiative corrections to the Higgs mass?
Fermion loops largely cancelled by add. boson loops
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e Unification of forces? o
Possible due to contribution of SUSY .
particles at higher energies z
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e Dark matter? e
If lightest SUSY particle is stable (R-parity conserved),

it is a viable dark matter candidate
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® MSSM - 105 free parameters (masses, couplings, phases)
® CMSSM - 4 free parameters + 1 phase (used until ~2011)
® Since then: interpretation in simplified models

CMSSM

SMS can later be
combined, e.g. by

. programs like SmodelS in
\ order to test full models

progrrr Careful interpretation of
Foimple decay o ° SMS results needed, since

of “simple” decay chains.

beax (3, Lo st branching ratios of 100%
1 amenable to being
o y el are assumed

3-particle OSET.

5V ¥ ¥ %,0 ’

Simplified Model Spectrum (SMS)
with 3 particles, 2 decay modes
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SUSY cross sections e

2 Vs=8TeV

= 2.10%
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Inclusive W
=

SUSY particle production very rare compared to
Standard Model particle production

need large amount of data
expect large SM backgrounds
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Isabell Melzer-Pellmann Searches for Supersymmetry at the LHC



Strong production

® Searches tuned on final states:
e Full hadronic final states
Single-lepton
Di-lepton (opposite- and same-sign)
Multi-lepton
B-tagged jets
Explore jet substructure

® SM background mostly in the tails of distributions
e Difficult to determine from simulation
e Estimated from control regions in data and transfer factors
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Searches for gluinos and squarks

® Charact_erlstlc for strong - CMS Experiment at LHC, CERN
production: (large) number of \ _. Dal recoried: Too dun 7011422 2011 GEST
high-energetic jets and ont 166563 /707504965
missing transverse energy

® typical variables: -~

jet
Ht = § p]T
Jet
et = 248 GeV

miss __ —jet
Hp™ = ’_ E :PT

Bjet
et = 164 GeV

Jet
et = 139 GeV
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PATLAS

EXPERIMENT

D ® Most all-hadronic searches cover a large model range; typical variables:
HC [
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No excess observed
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EMS § Opposite-sign dileptons
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Opposite-sign dileptons
ATLA; ® But with Run 2:
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Limits on squark and gluino productlon

® Set limits in models with decay to all or only one generation

T T R _ pp—>qq q—>qx1l Monond2017

ATLAS Prellmlnary \s =13 TeV, 14.8-36.1 fb'
g - i, O-lepton, ATLAS-CONF-2017-022 | CMS Prellmlnaly 35 9 fb (13 TeV)

o QWF, O-lepton, ATLAS-CONF-2017-022 - T s -+Expected 7
G- QWY 1-lepton, ATLAS-CONF-2016-054 [~ —SUS-16-033, O-lep (HT™) — Observed -
& QWZ’, > 7-11 jets, ATLAS-CONF-2017-033 | —SUS-16-036, 0-lep (My,)

g—> mWZ‘ SS leptons, ATLAS-CONF-2017- 030«
g nx SS leptons, ATLAS-CONF-2017-030

G- 1, > 3b jets, ATLAS-CONF-2017-021

G- b, > 3b jets, ATLAS-CONF-2017-021

onelight § *

1 1 J 1 1 1 l 1 1 1 l 1 1 1 1 1 1
1000 1200 ~ 1400 ~ 1600 1800 2000 200 600 800 1000 1200 1400 1600 1800
m(g) [GeV] mg [GeV]

Gluinos (squarks) excluded <2 TeV (1.6 TeV), LSP <1 TeV (800 GeV)
But: squarks excluded <1TeV if only one squark is light
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% Searches for top squarks

® Top squarks are expected to be lighter
(by naturalness predictions), but recent
calculations allow for several TeV

Search strategy depends on expected
final state

Vega, Villaodro
arXiv:1504.05200

1w=300 GeV,

- A o‘ﬁher spar‘ticles at‘2 TeV
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Am = mg, — mgo - -1 0 1 2
At/m[

v
h
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¢ Qv ’
A\ ’ \\\ N

mg, < mgo

® Search also for more
complex scenarios like
t, product|on and
decays to X )
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Example: 1- and 2-lepton top squark searches

® Require
® isolated electron or muon
® several energetic jets
® missing transverse momentum

® Define several signal regions based on targeted parameter space, e.g.

[ mige""*¢ from large-radius jets ][mT = \2PLER(1 - coslAg(ph, P

)])]

T T T T ]

ATLAS Prellmlnary -o-Data —Total SM ]
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No excess observed
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% Search for bottom squarks

® Search for two b-jets, no leptons, and missing transverse energy
e Example for discriminating variable: contransverse mass mg;

| 7201, v2) = [Exe0) + Ex@) - [pron) - pT(vzn]

P IR
ATLAS 4% SM total

. W Z+jets B W + jets
=13 TeV, 36.1 fb"
¥5=13TeV, 361 mi M Single top
-Others Y
b(900)x(1)

bOL-SRA350

with endpoint at

s = (= )/ m;

(=135 GeV for tt)

Events / 50 GeV

arXiv:1708.09266

No excess observed

Data/ SM

9oo 1000
me; [GeV]
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PATLAS

EXPERIMENT
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% Monojet searches

® Targeting all models where final state particles are soft or invisible
® Dark matter production

® Squark searches with small mass difference between squark ]
and LSP '

® Event selection: require at least one jet with p; > 250 GeV and 0 leptons
@ Main discriminating variable: E;miss
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Chargino-neutralino
production assuming
decay through sleptons

Chargino-neutralino
production assuming

mass-degenerate
Winos, decay includes
W, ZorH

Neutralino-neutralin
(assuming Higgsino-

like neutralinos)
production in GMSB
(higher cross section

than Winos)

e




® Assume light slepton masses and require either
® 2 same-sign leptons
® 3 leptons (with or without hadronic tau)

® >4 |leptons (with or without hadronic tau)

arXiv:1709.05406
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Electroweak production with decay to bosons

Signal topology

Several analyses targeting the different Search wit | 7z | 7

142b v

signatures (for decays including Zor H) 2., aw
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Slepton production

PatLas

D Searches for direct T production suffer from low cross section
HC ) ~ . . .
YHOD Search for t also in decays of neutralinos and charginos

ifi: - WITWV), WTT(Vv) - rvi? n(vv);'(") iff(: —2X (V1) > 2 x tvi?

p

SUSY

E {s=13 TeV, 36.1 fb" —— Observed limit (+103.5})
mx=(m_a+mi=)/2 Expected limit (+16,,)
o ATLAS 8 TeV, 20.3 b (Observe:

. CMS Preliminary 35.9 b (13 TeV) . CMS Preiiminary 359" (13 TeV)
| 7 E 10
Al limits at 95% CL I LeP27; (1035 GeV)

3 ‘ Pp—T, T < M(T,) L 1GeV 95% fI:L upper limits PP, T <y Mﬁ{:l) =20 GeV 95% I(:L upper limits

[ —— NLO+NLL theory + s.d. — Observed —— NLO+NLL theory  s.d. — Observed

E T 68% expected 59 68% expected
----- 95% expected 95% expected

L L R R

CMS-PAS-SUS-17-003

Left-handed scenario Left-handed scenario
111 | 1
LA 100 200
300 400 500 600 700 800 900
m..,m_, [GeV]
wT

|||||||||||||||||||||||ﬁ||||||||

arXiv:1708.07875

Exclude ¥,%, %,° below 750 GeV
Need more data for direct T production
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SUSY might be hiding somewhere else, so we check also other scenarios:
® decays to long-lived particles
® R-parity violating scenarios




Searches for long-lived particles

® Many BSM models suggest long-lived particles, leading to different topologies

displaced
neutral HSCP . M BSM
= charged dilepton M lepton
- any charge . 5 : Sﬁi?c:n
M anything

disappearing - ' displaced
/ kinked track o/ lepton

displaced | N2 displaced
dijet NS\ . ¢ photon

displaced displaced
vertex conversion
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Search for disappearing tracks

EEEEEEEEEE

® MSSM scenarios with Wino LSP: y,* and y,° are mass- e TE

degenerate if Higgsino is decoupled

Ed Xli has Ionger lifetimes Iead|ng to dlsappeanng track  EEch—
when decayingto yland i ==

tanf =5, 1 >0
Eff.drops E.ﬂ;:,,....,.,..,_. .... BEEEE A S ;1300,I.bt.,l..éé..éLll,..(,...p).v,u
s £ i ] [ Observed 95% CL limit (=1 o,
as tracks are = T B . ... Expected 95% CL limit (-1 o
too Iong =3l ‘7:6007— ATLAS ( 13TeV, 36.1 fb™", EW prod. Obs.)
2k g ™
1400—
; - ATLAS Preliminary 3
. = - L _ -1
Jj E 3 1200_(3_13Tev. 36.11b
[ Te= 1.0ns
p 0.4 L
o 03 1000F
X1 0.2 __ AN C
0.1 ; ATLAS Preliminary _| 800:—
4 b Vs=13TeV, 36.1 fb" 1 N
X1 N —— Observed 95% CL limit (+10, ) 1 600
p theory
AN 004 Y .. Expected 95% CL limit (+1 o, ) 1 F rd
+ 0.03 === ATLAS (8 TeV,20.3 fb", EW prod.) | F H
T 0.02 <. Theory (Phys. Lett. B721 252 (2013)) - 400~ ;
| J
. ALEPH (rhys. Leh.l 8533 223[(2002)) F ] 0
t~iancyv Arane el Lo Lo Lo Coloew o oy boo o by o o5 0000100 L
EfflCIGﬂCY drOpS 300 400 500 IGYEQ[G87 0 200 800 1000 1200 1400 1600 1800 2000 2200 B o wsu:"@?g:v
as tracks are g mg [GeV]
too short

Gluino search more sensitive in compressed
region than prompt searches
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R-Parity violating models

® Proton decay only forbids simultaneous violation of lepton and baryon number... but
not one or the other

W = Wmssm + AkaL L Ek -|— X ]kL Q]Dk + k; L; H,, )‘”]kU D. Dk
Lepton Number Violation (LFV) Baryon Number Violation (BNV)

® Add 48 new Yukawa couplings and 96 complex parameters
® LSP can decay

Considerable change in the final states!

Background generally lower (no LFV nor BNV in SM, despite having no
E,™ss) than in RPC
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® Search for model with lepton nhumber Search for lepton number violation in
violation in events with four Ieptons LSP decays to quarks and

leptons in gluino-gluino production
Require 1 lepton and multiple jets

W’

ATLAS-CONF-2016-075

T T T T T
ATLAS  Preliminary ®Daa 7 TolalSM
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4L, Z veto .:Z .yVZV E
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—+ 0 B 2

Others —m, )= - L
(900,400) GeV

n
[$2]
o
o

— T

E g;q:_iv:f??::} i”;:ﬁlmn(:w’,,ﬁ;) ; JHEP 09 (2017) 88

Events/150 GeV

1
n
o
o
o

weeeee Exp.limit (= 1 6,,) 1

m@) [GeV]

pp - L7, > WIWL: T - ITv

! =TT T ! T
|- ATLAS Preliminary [ ) o,
[ Vs=13TeV, 133" ] I N N,
4 lepton f

Al limits at 95% CL

susy
[ == Observed limit (+10puo)
[ === Expected imit (+15,,,)
[ 10 ATLAs 8 Tev, 203 15"
[ Alllimits at 95% CL

3 3 - il T — '2~oloo' i
227 ///)f//)////////////////////////////% : VL moed

] ! ! .
0 200 400 600 800 1000 1200 1400 900
m,, [GeV]

Exclude chargino and Exclude gluino masses <1.8 TeV
neutralino masses <1.1 TeV
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Baryon number violation ()"’ #0)

ATLAS

EXPERIMENT

D Several scenarios of baryon number violation tackled with final state containing
RO multiple jets (+1 lepton in case of decays to top quarks)

. , CMS Preliminary 35.9 fb” (13 TeV)
S 10 E sakuc‘o gwu lﬁqm

22001 T T L S I I
Expected 96°% CL lmit 2000F —— Ewecedimi(zic,)  ATLAS Preliminary
B evpectea - 1o ~ 1800 = Obsenved imit (+103,55) |5 = 13 TeV, 14.8 fo”!
[ ] Expected + 20 1600 -~ Run 1 limit

o d ONLO‘NLL (pp - 55) 1400
1200
1000
800
600
400

—e— Observed 95% CL limit

Al limits at 95% CL

CMS-PAS-SUS-16-040
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Y =i D R T
'15'00' S ‘20'00 800 1000 1200 1400 1600 1800 2000 2200
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R B L ama

Observed 95% CL Limit ATLAS Preliminary 3
- Expected Limit E

r +1 6 Exp Limit 1
StzzE:(:Li:il Vs=13TeV, 14.8fb™"
B 59 Cross-section (NLO+NLL)

— 7T
Inclusive Signal Region
858 stop pair prod. cross section

= cbserved 95% CL limit

— expected 95% CL limit

I expected + 1o
expected + 20

o x BR [pb]
ATLAS-CONF-2016—-057

107

102

arXiv:1710.07171

-3 coaa e e b b b b a b a La iy
200 300 4(')0 5‘60 séo 71';0 800 10 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
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Long-lived particles with P, violating decay

® Search for neutralinos decaying to muon + jets (A" #0) with different production
models with RPV decay

® Example: Interpretation with Higgs as mediator

Different constraints on B(H° — ¥}%?) at 95% CL with Run 1 data at LHCb

80— B > 50% excl.

o B> 25% excl.
70 LHCD preliminary 5> 10% excl.

B> 5% excl.

60

Exclude

” Br (H>%%)>5% for

1 % masses of 40-60 GeV
for decay lenghts from
mmup to /2 m

Eur. Phys. 1. C (2017) 77

L1l I
107!
% er [m]
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® SUSY might be hiding somewhere else, so we check also other scenarios:
® indirect hints
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Indirect searches: lepton flavor universality (cc)

® Flavor asymmetry in charged currents: B meson decays into tau + neutrino
® Measure ratio of decays to taus compared to decay to electron and muon:

——————r———
——— BaBar, PRL109,101802(2012) Ay = 1.0 cont

Belle, PRD92,072014(2015) Y. = 1. contours
e LHCD, PRL115,111803(2015) === SM Predictions

Belle, PRD94,072007(2016) R(D)=0.300(8) HPQCD (2015)

BaBar had tag
PRD 88 (2013) 072012

—
033200240018
Belle had tag
bL CL b Y PRD 92 (2015) 072014 L e
029300380015
Belle SL tag
NP PRD 94 (2016) 072007 —_—
W 0302003020011
Belle 1-prong
PRL 118 (2017) 211801 =i
L \%8 T v 0270+ 0.035+ 0027
LHCb

Belle, arXiv:1608 06391 R(D)=0.299(11) FNAL/MILC (2015)
[ Average R(D*)=0.252(3) S. Fajfer et al. (2012)

muonic
PRL 115 (2015) 111803 e
0336+ 0.027 = 0.030

LHCb Preliminary 3-prong

(B — X7ip) |Heams
R( X ) — LHCDb Preliminary average

-— 0306 + 0.016 = 0.022

I ( B — ). €47 ) Fajfer et al. (SM) ‘
PRD 85 (2012) 094025 o
0252+ 0003

|

TS ST T SN AR S NO T S R
0.1 02 . 04

R(D*)
® Consistent result from 3 different experiments (+small theor. uncertainty)

® Combination of D and D* results reach 3.90 excess over SM
Hint for charged Higgs boson??
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Indirect searches: lepton flavor universality (nc)

® Example: B — K (K*) + ll: mediated by the “clean” Z-penguin diagrams and by the
“less clean” photon-penguin diagrams

® In both cases rate for decays to electrons expected to be the same as for decays to
muons (with slight difference at low g2 due to phase-space effects)

b W W Jdr — K py) ‘ _
[ drB — K ee) o JdTB— K" ee)
In practice, measure double ratio:
B(B°— K*utu~) B(B®— K*%¢te~ )
B(B°— K*Jhp(— ptp))/ B(B°— K*Jhp(— ete))

RK*O =

o
o
oo}
7y)
S
Lo
o
N
i
=
X

—
S

Less decays to muons (2.4-2.50)
than expected!

- : " | Hint for lepton flavor violating

® EOS

¢ fiav.so r =se] SUSY (or Z', leptoquarks,...)?




Conclusion and outlook

Many direct searches for SUSY performed - no smoking gun so far

Models with low cross section profit from increasing luminosity

® Standard plain-vanilla searches would profit more from accelerators with higher
energy

® Indirect searches show consistently disagreement to SM prediction - looking forward
to results with higher statistics!
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?ATAS ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
May 2017 V5=7,8,13TeV

m Model & T,Y Jets E'l'.'i“ Jeanm™ Mass limit V5=7,8TeV | y5=13TeV Reference

L=
Y“C ‘\) MSUGRA/CMSSM 03e,u/1-27 2-10jets/3b Yes k 185TeV.  mig=m(z) 1507.05525
A 26jets  Yes A m(¥})<200 GeV, m(1# gen. g)=m(22¢ ATLAS-CONF-2017-022
X1 (compressed) mono-jet  1-3jets  Yes . mi(g)-m(¥})<5 GeV 1604.07773
g 0 2:6jets  Yes . m(F})<200 GeV ATLAS-CONF-2017-022
qqx‘ aqu*x, 0 2-6 jets 3 m{})<200 GeV, m{¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2017-022
qq(mw)x, Bepu 4jets . m(Z)<400 GeV ATLAS-CONF-2017-030
0 7-11 jets A mi) <400 GeV ATLAS-CONF-2017-033
127+04¢ 02jets . 1607.05979
GGM (bino NLSP) 2y - ¥ cr(NLSP)<0.1 mm 1606.09150
GGM (higgsino-bino NLSP) ¥ 15 . 1.37 TeV m(i)<950 GeV, cr(NLSP)<0.1 mm, <0 1507.05493
GGM (higgsino-bino NLSP) 7 2jets . m(¥})>680 GeV, cr(NLSP)<0.1 mm, >0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2jets 3 |z m(NLSP)>430GeV 1503.03290
Gravitino LSP 0 mono-jet 20.3 m(G)>1.8x 10~ eV, m(z)=m(g)=15TeV. 1502.01518

3h 36.1 m(F})<600GeV ATLAS-CONF-2017-021
3b 36.1 mi})<200 GeV ATLAS-CONF-2017-021
3b 20.1 1.37 TeV m(7})<300 GeV 1407.0600

2b 36.1 m(E})<420 GeV ATLAS-CONF-2017-038
16 361 | . 275700GeV myF})<200 GeV, m{fi)= m(F})+100 GeV ATLAS-CONF-2017-030
125 47133 & 117170 Gev [ 200-720 GeV! myE) = 2m(ts), m(})-55 Gev 1209.2102, ATLAS-CONF-2016-077
Ri->WbES or 1) 0-2eu 02jets-2b Yes 20.3/36.1 90-198GeV | 205950GeV md) 1506.08616, ATLAS-CONF-2017-020
foct 0 mono-jet 32 7)-m(P)=5 GeV 1604.07773
2e,pu(2) 16 203 |# 150-600 GeV' m(F))>150 Gev 1403.5222
Boh, hoh +Z 3en(2) 1h 36.1 m(E)=0 GeV ATLAS-CONF-2017-019
b, hof +h 12ep 4b 3.1 |7 ATLAS-CONF-2017-019

ZLKZLR, [2%4 2ep 36.1 )= ATLAS-CONF-2017-039
X’;i(,i‘ —vlv(lv) 2ep 36.1 Wy £,79)=0.5(m(¥F )sm(F} ATLAS-CONF-2017-039
IR T (), B Trom) 27 36.1 () ' o) em(! ATLAS-CONF-2017-035
Z W), E7ELL(V) 3epn 0 fe 36.1 ¥ )=m(i: Z, e 7 ATLAS-CONF-2017-039
¥ 2Beu -2 36.1 0(’ 7). ATLAS-CONF-2017-039
epy 20.3 75)=m( 1 1501.07110
dep . m()/’;-moz"), m(x“);c m(Z, 7)=0.5(m(¥2)+m(¥ 1405.5086
GGM (wino NLSP) weak prod., )(, —yG 1epn+y k cr<tmm 1507.05493
GGM (bino NLSP) weak prod., i -G 27 . cr<imm 1507.05493
prod., long-lived ¥1 Disapp. trk J A mEE)-m(E})~160 MeV, 7(¥7)=0.2 ns ATLAS-CONF-2017-017
rod., long-lived X1 dE/dx trk . MY )-m(E))~160 MeV, 1506.05332
Stable, stopped 7 R-hadron 0 5j g m(#1)=100 GeV, 10 us<r(#)<1000 s 1310.6584
Stable 7 R-hadron trk . 1606.05129
Metastable g R hadron dE/dx trk . m(7)=100 GeV, r>10 ns. 1604.04520
GMSB, slable -1, H)f'r(e. ) 1-2u . 10<tanB<50 1411.6795
GMSB, ¥, -G, long-lived 2y . 1<t(¥})<3 ns, SPS8 model 1409.5542
2 A 1eey ey ey displ. ee/eu/uu . K 7 <cr(®)< 740 mm, m(z)=1.3TeV 1504.05162
GGM 23, ¥1>2G displ. vix + jets . X 6 <cr(f})< 480 mm, m(z)=1.1TeV 1504.05162
LFV pp—¥y + X, #r—epfet/ur eHETHUT - . A3y=011, Ai3oj1331233=0.07 1607.08079
Biinear RPV GMSSM 2e,u(SS)  03h : B m(g)=m(@), crosp<t mm 1404.2500
T W H v, e v dep - . miE})>400GeV, 120 (k = 1,2) ATLAS-CONF-2016-075
KW, o rve, erve Bepurt - Yes . m()/’;>c 25m(E5), 413370 14055086
#oaaq 0 4-5largeRjets - ¥ R(5)=BR(c)=0% ATLAS-CONF-2016-057
g—»qqx,,x, - qaq 0 4-5large-Rjets - . m()(;)400 GeV ATLAS-CONF-2016-057
gﬂtﬂt;.X‘,‘ - qqq le,u 8-10jets/0-4b - . M@Y= 1 TeV, 4ip#0 ATLAS-CONF-2017-013

mﬂmw.@m

Inclusive Searches

% med.

<
[}
>
3
b
2
§
8§
S
T
o

direct production

gt by leyu 8-10jets/0-4b - . )= 1ToV, dus#0 ATLAS-CONF-2017-013
iy, fj—bs 0 2jets+2h - ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
ni, bt 2eu 2b - i . 04-145TeV BR(f —be/u)>20% ATLAS-CONF-2017-036

Other Scalar charm, e—cf! 0 2c Yes . 510 GeV' m(})<200 GeV 1501.01325

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on Mass scale [TeV]
simplified models, c.f. refs. for the assumptions made.
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SaTLAS

m Selected CMS SUSY Results* - SMS Interpretation ICHEP "16 - Moriond 17
y

Y“C{) : ‘

CMS Preliminary
Vs =13TeV

L=120f'L=3591"

For decays wih intermediate mass,

sssiags

M et ™ :( mu.'o(l-:(}m__,,_

1400 1600 1800 2000
*Observed Imits m 95% C.L. - $eary uncertainties not reluded Mass Scale [GeV)
Only a selection of avasladle mass Imts. Probe "up %" Te quoted mass imit for 2 0 GeV uess stated atherwse
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SUSY models and signatures

® The SUSY parameters determines the signature in simplified models

® R-parity conserving (RPC) + large mass difference between SUSY
particles
- Large missing transverse energy, high activity in the detector (at least if
produced in strong production)

® RPC + small mass difference (‘compressed spectra’)
- Events often difficult to distinguish from SM background

® R-parity violating (RPV), lightest SUSY particle (LSP) decays to SM particles
- No missing transverse energy, but possibly several leptons

® Nature of LSP can drive final state as well:
® Gravity mediated SUSY breaking: Mostly neutralino LSP

® Gauge mediated SUSY breaking: Gravitino LSP — photons, Z or W
in final state

bell Melzer-Pellmann Searches for Supersymmetry at the LHC



HL-LHC Projections for gluinos

Danias
L HCh]
\

T™CH

CMS Simulation, Vs =14 TeV CMS Simulation Vs=14 TeV

— — _ I e e LI B R
pPP—99,9—4qq X? 5c Discovery Reach [ Expected 50 Discovery
=== =300 fb'1, Phase I, <PU>=140 Phasel, <PU>=0, L=300 fb™'

_ -1 _ Phasel, <PU>=140, L=300 fb’'
—L =3000 fb", Phase Il Conf3, <PU>=140 — Phasel <PU>=0, L3000 fb"

—— Phasell Conf3, <PU>=140, L=3000 fb™'

CMS-PAS-FTR-13-014

Copp -GGG tix
g
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300;
200;—
100;—...|...|...|...1...\...‘-|‘..||..|.‘.|.- . Ll i L1
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50 discovery reach extended up to 2.2 TeV,
up to 2.3 TeV for decays through top quarks
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-q production, q—>qx (Herwig++), m_>>m,
L e B .|...|....|....

ATLAS Simulation Prellmlnary

_[Ldt 300,3000 b, js=14TeV
0-lepton combined

Q1
15

ATLAS 2030, (s =8Tev,95%CL -~
...... 95% CL limit, 3000 o™, (uy = 140 .~
...... 95% CL limit, 300 fb™, () =60 .~
— 5G disc., 3000 fb”, (u) = 140"
e 5 disc., 300 b, (u) = 60

500 1000 1500 2000 2500 3000 3500 4000
m; [GeV]

production, q — q i': (Herwig++), m = 4.5 TeV

o
15

e
ATLAS Simulation Preliminary

J L dt =300, 3000 fo”, s =14 TeV
0-lepton combined

ATLAS203m", (s = 8 TeV, 95% CL

95% CL bmit, 3000 10", () = 140

5% CL bmt, 001", () = 60

50 dsc., 000, (1) = 140
— 5 3, W0 B, (i) - 6D

‘~__-|IIIIII|I|I1|||||||||I||

NI T

500 1000 1500 2000 2500 3000

50 (20) discovery reach extended up to 1.4 (1.9) TeV,
up to 2.6 (3) TeV for decays if m
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HL-LHC projections for 3" gen. squarks

PatLas

raCh)

THCD

e . p——— T T T T T T T Sbonompailproduction.l;,—;bz‘:.\s=14TeV
EATLAS Simulation Preliminary LA S

\s=14 TeV =300 fb‘: (<1>=60) 5 discovery ATLAS Simulation Preliminary
- **300 fb™' (<u>=60) 95% CL exclusion

=3000 fb" (<p1>=140) 50 discove

23000 fb™' (<u>=140) 95% CL exclusion

@ATLAS 8 TeV (1-lepton): 95% CL obs. limi

CJATLAS 8 TeV (0-lepton): 95% CL obs. limit

@ ATLAS 20.1 b, 15 « 8 TeV, 95% CL
300 fb”' exclusion 95% CL
== 3000 fb ' exclusion 95% CL
— 300 fb"' S discovery
—— 3000 fb' 5c discovery

L LB
'lllllll

TIIIIIIIIIIIII

0 and 1-lepton combined
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50 (20) discovery reach up to 1.2 (1.5) TeV for t,
up to 1.3 (1.5) TeV for b production
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Projections for electroweak searches

PatLas

raCh)

THCD

IARRERRRRE
ATLAS Simulation Preliminary

Ldt = 3000 b, w140, 95% CL exclusion

\s= 14 TeV L 1= 3000 15" ue140, 5o discovery \s= 14 TeV IL i = 3000 1", j1=140, 95% CL exclusion

. ! .
3-lepton channel Ldt =300, 1=60, 95% CL oxclusion 3-lepton channel IL dt = 3000 b, =140, 50 discovery
= 0 t =0 o =0 Ldt=300 ", =60, 50 L dt = 300 fb, =60, 95% CL exclusion
LWL LL-Wing

_ 8TeV, JL dt=20.3M ", 95% CL exclusion
N

sl b b b b b e b b

b b b b b b beng

- L) ’o

PP NPT IPEIPITE PP | PO PP P PR I T NP I

QOO 300 400 500 600 700 800 900 1000 1100 1200 300 400 500 600 700 800 900 1000 1100
mi;=mi: [GeV] m..=m., [GeV]

[=3
ok

50 discovery reach extended to 800 GeV in WZ channel,
650 GeV for WH decays

Isabell Melzer-Pellmann Searches for Supersymmetry at the LHC



T I T T T 7T | L B | T T T | T 17T I T T 7T | T T T
ATLAS Simulation Preliminary Opy=30%

\s =14 TeV, L = 3000 fo!, <u> = 200

combined, 5 ¢ discovery
combined, 95% excl
7,7, 50 discovery

7,7, 95% excl

TRTgs 56 discovery

TRTgs 95% excl

IIIIIIII[IIIII|IIII|IIII|III

N P P AL
500 600 700
m, [GeV]

50 (20) discovery reach up to 700 (500) GeV for combined scenario,
for right-handed T only 2o exclusion possible <400 GeV
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Dark Matter interpretation of stop search

ATLAS

EXPERIMENT

raCh)

THCD
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SUSY Cross sections

Prospino2 (T Plehn
L L L L A B B B B

103

third generation  }o?
interesting due

to loop cancellation},,
\

[ plain vanilla searches]

(electroweak
production
decoupled from
possibly high-

\mass g and s

VS =14TeV

— NLO
---- L0

T \HHH‘ T \HHH‘ T \HHH‘ 1~ HHH‘

GeV]H
) 10 ) || ‘ Ll ‘ Ll ‘ - ‘ Ll 1| ‘ Ll ‘ L1 | ‘ L1 \n‘] |\: \e\ :\l
100 150 200 250 300 350 400 450 500

High interest in higgsinos
due to tree-level connection [slepton production with]

to Higgs mass lowest cross section

Isabell Melzer-Pellmann Searches for Supersymmetry at the LHC




® Searches reach out to more complex final states including %,° and decays toZor
nggs
o 1, interesting if m(t;) = m(t)
® Two signal selections:
® 1 lepton + 4 b-jets (assuming h->bb)
® 3 leptons + 1 b-jet (assuming Z%II)\

1, production, T, - t + 1? z —»Z/hvz m(x) OGeV

Lﬂ

— Obsarved l-mn (10, )

[ \s=13TeV,36.1 "

- - - Expected limit (£10,,)
[ Al limits at 95% CL

TTTT T[T T[T [TITT[ToTT

PS5 i
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JHEP08(2017)006
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6, > 4) m; =650 GeV ATLAS Vs-13TeV,36.1 b

m =200 GeV T4, production, §, — 7, ., 87 T, -t
m = me " 180 GeV
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Alllimits at 95% CL




GMSB with Higgsinos

® Neutralino-neutralino production assuming higgsino-like neutralinos in GMSB:
decays to Z or H assuming mass degeneracy of %,°, %,*and %,°

p

p

C M S Preliminary
T I T T T

Exclude higgsinos
below 600 GeV in
GMSB model

== Observed + 16, |
=== Expected £ 16,,, |
=== Expected £ 2 6,,, |

1 1 1 I 1 1 1
600 800 1000
Higgsino mass m  [GeV]

1
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ATLAS

e If lightest charginos and neutralinos are Bino- or Wino-like:
LHCh.
\

THCY decays to photons or W bosons and gravitinos

CMS 35.9 fb™ (13 TeV)

CMS Freliminary 35.91b" (13 TeV)
— — T . ~
pp — Gd, 4 - ) X} - ¥G

CMS 35.9 fb" (13 TeV)
pp — 3. § — a3 - vG
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=::Expected £ 10,
0
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~exp. t1c 20 |
1 =Observed * 10,
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Exclude %,%, ¥,° <800 GeV, squarks <1.6 TeV, gluinos < 2 TeV
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