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Outline

» Disclaimer: It is impossible to cover all Run-2 results in ~20 min
* Focus only on highlight results of the last ~1-2 years from ATLAS & CMS
(Personal biases are unavoidable at this mission)

Talk’s structure: NLO + NLL, pp, Vs =13 TeV
1. STRONGLY produced SUSY: 32104 1 (higgsing- k)
- Gluino direct production S 1% (WD)
- Stop (& squark) direct production § 12 \\\ sirigle gereration)
g 10 \\ 10%-degeneragy)-— |
2. ELECTROWEAK production: 2 1\\\\\\\
- Chargino-Neutralino production  § 1o N3
- Higgsinos / sleptons § 10
= 107
3 REST SUSY: §_1&4 -H}-event?-in-se-’fb" .
- RPV @ 10 g 000 800 2000 2800

- GMSB SUSY particle mass [GeV]

-> Focus: Signal signatures features, event selection, exclusion limits
—> Skip: physics objects, prediction methods, simulations, systematics treatment
-> Spoiler: No statistically significant excess of events; no evidence of SUSY (yet)
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Why SUSY? A bit of motivation...

Spin O

SUSY proposed as a “New Principle” of Nature

quarks squarks

Spin-based symmetry  [Aspin = V2]

leptons

linking fermions(matter) to bosons(forces) siegitons

Spin 1/2

Spin 1 Zwa It is a whole framework, not a model (MSSM) wino{ g

Same couplings as in SM but unknown e —

L. . Neutrallnos{ Z1 Zz x3 Z4
Spin 0 flavor mixing, masses, couplings & BRs... R
Higgs { M < Or << M Charglnos{ XI XZ
Rk SM-particle SUSY-Sparticle

SUSY proposes solutions to three SM shortcomings:

€ Hierarchy Problem € Dark Matter ¢ GUT
t 60: T T T T T T T T T T T T T T T T
H H Atoms Dark _U(” \\\\‘~~\\~ SM .
""" '@'“"“ @ & Energy 50§ -
) Dark™ bRae oF s > /
Matter Esu(2) -7 o
77N 26.8% o' B0F—= -
‘\ L ) of f
Sparticle loops P :(_1)723(B+L) 100255,
' RO - ; SUSY
cancel out corrections |f “R-parlty” conserved I L ' 1(0Q/G]2V) 1416 18
. . og e
(if Agy=< 1 TeV) LSP = DM candidate 0

a’' converges @~101% GeV
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Run-2: 2015-2018, Int.Lumi; 2x140 fb!

- ATLAS -
140} Preliminary 8= 1aTev

r Delivered: 158 o'
E=SP)- [l LHe Delivered Recorded: 149 "

- [ ]ATLAS Recorded FMscs 140f"
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Data included from 2010-03-30 11:22 to 2018-10-20 23:12 UTC

e 2010, 7 TeV, 45.0 pb '
2011, 7 TeV, 6.1 1 '
w— 2012, 8 TeV, 23.3 M '
w— 2015, 13 TeV, 4.2 '
w2016, 13 TeV, 40.8 b '
w2017, 13 TeV, 49.8 0 '
w— 2018, 13 TeV, 66.2 b '

S N\ » CY & N c
R R S N L G PO

« ATLAS & CMS have recorded ~150 fb-! of data (each) during Run-2

« ~140 fb-l/experiment certified as “good” for physics.

* Only a few have been analyzed for the moment (~26%, 36 fb-1, basically 2016 data)
- Moriond 2019, on March, will probably hosts (some) full Run-2 results

« This talk includes mainly results with these ~26% (36 fb-1) of Run-2 data.
—> not the best moment for Run-2 (strong) conclusions on SUSY...

21/12/18
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How to...

Exploitation of signal Final State (SF) kinematic'
features to distinguish from the background:

- jets, t, b, MET, |,

- 2 LSPs main common feature of RPC SUSY
leading to significant MET

- Use sophisticated variables, and/or MVA techniques,
hybrid physics objects for this

Implement cut & count selection (or MVA) to suppress
SM background - Divide in many bins (observables)
to enhance sensitivity

Perform Data-Driven (MC-based) SM background prediction.

Derive statistical inferences (exclusion limits) on sparticles masses involved in
each studied process. (Using “Simplified Models” for this)

Antonis Agapitos, SUSY searches at LHC Run-Il 4



1) “Strong” SUSY production

NLO + NLL, pp, Vs =13 TeV
104 E_.. ...................................... —i:ia(hlggsmo-llke)

%, (wino-like)

e

{Single generation)

Cross-section [pb]
22
|

||1H|'1 TTTT

10-events-in-36fb-'-

0 500 1000 1500 2000 2500

SUSY particle mass [GeV]

g .
a __e 1 _a
-'"-.' - -
- -
-~ ~ -
g q t
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Direct production of gluino-pair (map)

on-shell stop ;

off-shell stop  t on-shell stop

Decay with stop
(stop-induced):

Mixtures of decays
also considered:

g — tix? (25%)
g — thx] +cc (50%)
g — bbx? (25%)

Decays
with sbottoms or
with charginos

Decays
with non-3
generation squark

X3, X{, or Xy is 1/3 for each
on- or off-shell Z (W¥) boson

q

Main features: = 2 LSPs, many jets, many t/b-quarks, t>Wb so many W-bosons in FS
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Atlas limits: Using all Final States (FS) in combination.
t SE BR(aW) Very generic searches to probe multiple FSs
"""" 0 7%
X1 B (0] e 1711.01901: Ol & >=1I, MET, N, N,,>=3,
0 L .
o Y - ' 2
---- X1 21(05) Met, Mrqmer), Mr™ 6 mem), M;
t 209 . 1706.03731: 21(SS) or >=3
[off-shell stop] £ ©>=31 ' : 21(SS) or >=3, _
~~ o~ T 50 MET, N]’ Nb’ Meff’ VetO M”~MZ 919 blnS
PP — 99, g - ttX; July 2018 {s=13 TeV, 36.1 fo" July 2018
;2000III[Il‘lll‘l][lllll‘lll‘lll—_;3500_"'|"'|"'["'|"'|"'
o -CMS 35.9f71(13TeV) 3 § | oaw ow iz ATLAS Preliminary -
O, 1800 —1704.07781, 0-lep (HI™) - = [ G- bb%, >3 bejets [1711.01901]
8 [ =1710.11188, 0-lep (stop) Expected | <38000(~ ;. [> 3 b-jets + >2 lep. SS [1711.01901, 1706.03731]
1600 — —1705.04673, 1-lep (M,) —Observed— ‘E’ = gﬁqmmmmwa
- ggiggg;g 1_-2!elp (A(¢) - . [ G qawzzl 27-11 jets + 1 lep. + > 2 lep. [liE’Tm(
1400 — — !4 z S EEADRITEESIIN — 2500~ [1708.02794, 1708.08232, 17))6.037B1 C : .
- 1710.09154,23Jep 7 - G- i), via U9 2lep. OS SF + 2 3 lep. [1805.11381, 1 Oht”butlon
1200— =1 C > 17 [SUSY-2016-30] ]
o ] 2000~ > 1y [1802.03158] i
1000_— o -] b ]
- : - Allimits at 95% CL 3
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g 0_9I_ CMS ¢ Combined
92 E  Simulation = Monojet
¥ T 1 g 08F op quark tagger efficienc: + Dijet
. t FuII-hadron_lc, 4t - 4AWb in FS 5 7 e e oo " Trit
e g > top-tagging algo: Bos RO
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"""" X1 . S o03b ..
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Search for gluino-pair with top-tagging




35.9fb" (13 TeV)

+ Data .Z—WV

Lost Hadronic
lepton 7 lepton |:| Qco
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t Full-hadronic search £
...... B . _ _ >
X? I\Ij-ak4 >= 2, I\Ib >=0, .
. 7 « MET > 300 GeV, H; > 300 GeV,
t + AD(MET,, 53.4)>0.5[>0.3] ;
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[off-shell stop] ™ ¢ g- Nj» Np, T bins “
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Search for gluino-pair in 1Lep with AD

6% BR(4W) 359 (13 Tev
T 7% : w0l 1‘Iep SeaI‘Ch 108 ianag ‘I'1mt:1‘.4,1.1; I;ET?;;:; ( "
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______ -0 1) ° NJ >= 5’ Nb >:O : 10* - Eﬁ‘;’]m .
“ A0 Large: Ly=MET+PT Hr | Fiey SE |
---- X1 .oz ¢ Large: AO(W,, 1) > o E
t
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[SM]|

t
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Gluino-pair search in Ol & 11" @5

3
»—1

\/pr En‘uss

— COS[A¢@WSS, =

mT-Jets — mm,<3 (\/ZPb -jet; Enuss{l _ COS[AQﬁ(p_'”““,pT'Ja )]})

e A

ATLAS Prenmmary
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o E Vs=13TeV,79.8 " —— Observed Limit (+10305) 3
@ 1800 All limits at 95% CL 3
£ o Best limit
1400 —
1200 =
1000 !
800F- ) -
600 ".
400f -|-x i
E g — tt =
200— o
E. .. L . R B & B
1000 1200 1400 ‘\ 600 13!]0 2000 2200 241
21/12/18 m@ e

ATLAS Preliminary
Vs=13TeV, 79.8 b

OL Preselection
== Git: m(@), m(z)) = 1900, 1 (x50)
Gbb: m(@), M) = 1900, 1400 (x50)

4444« Total background
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2000 2200 2

ES

LAS-CONF-2018-041 Gluino-pair direct prod., variable BRs. Chargino-mediated decay at
—~Selection cuts & binning: N=0&1, N;=4, N,=3, MET, and:

Ol A¢Y,, = mins< (I, = D)

one leg AM(x*,,x%,)=2 GeV

- soft undetected fermions




Search for gluinos in other S|gnatures

b Main feature:0l, & light jets 4

fle]

q
pp — gg, g — bbby July 2018 pp — g9, 9 —qgx} July 2018 PP—99, g—q0(X/ X2)—>aqW/Z) X7 July 2018
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Search for gluinos in other S|gnatures

b Main feature:0l, & light jets 4

Better limits
with 80 fb1 _113
3500 I V—SI=‘I| 3 |TeIVI, Is.r fP I T I I | I | I I

[GeV]

L

G- bB7’ 23 brets|[1711.01901]
353 30001~ G- 17" >3 bijets | > 2lep. SS [1711.01901, 1706.48731]
=4 - G- qaWz® 0lep. + | lep. [1712.02332, 1708.08232
g qaWZy, =27-11jdts + 1lep. + 22 lep. SS

[1708.02V94, 1708.08232, 1706.037§1]
G qalllvw)z via 19 2|iep. OS SF + > 3 lep. [185.11381, 1706.03731]-

~0

2500

2000

> 1/\[1802.03158]

/ 1711.01901-> Purple limits: O-lep,
MET, N;, N, = 3, Mgy MM ey
« 1712.02332-> red & blue limits (0-lep)
RJR (Recursive Jigsaw Reco) technique
, GMSB model
1 or 2y, MET, Jets, Olep, and more.
(With a “modest” excess of events)

All limits at 95% CL
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2 m(g) [GeV] searches at LHC Run-II 13




Search for direct stop-pair (map)

On-shell t t Off-shell t* & W* ¢ Chargino-mediated
2-body decay 4-body decay Z . stop decay
i " b : T -V
X

- v~ A o ~0 T e e ...

- S . ~0 + -
-7 1 >:’ X1 - X1 X
=< « 30
% = ..-"'. Xl a ~0

\:‘\ ""0 = = ~ - .-""--..‘ %_ .-.'Xl
nd =~ X t f = -~ .1
f On-shell W
I b
' c

- f
i X X
I 0 - ~
‘:E’l \ X1 ;‘*.._ Xl ;XE'
t1 N f
Compressed stop: ‘ f
~0 p p 'b* Am = m(fl) - m(Xy) —
m(Xy) , & e ,5\ 3 b
[GeV/c?] *b \xé\o O 07@\\\ bz(:b “ ” H
) 2 O 8 ,Qo"*..v'"v@ s Compressed FS leads to “soft” objects
SR Y T and perhaps low/no MET.
% 2 .y . . «
AR YA YN Additional motivation for “compressed
100 F A a® X T
-4 "l “:' ”,' x . » . . .
W 5% 0 8 signal” comes from DM coannihilation:
A A small: AM(t,,x,°) = leads to the observed
¥ e < < . DM-relic density.
o L b+ Xy~
0 mW) 100 m 200 300 m(i,) [Gev/c?)
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On-shell t

Chargino-mediated

Limits for direct stop pair production

; Off-shell t* & W* o b
2-body decay 4-body decay . stop decay .
- oV o BT ~0 1 _ -0
"—’ X]_ ),’ -)(1 ”’—- X1 -_.&-'?
- < o 0
s ~0 = — S~ X .- 1
T T~ X1 t1 f = T~
t @ %f t \."\. W-
AM(x,0t;) >80 GeV ! 10<AM(x,0,t,) < 80 GeV" b
. pp—>tt t—>tx° July 2018 pp—>tt t—>(bff'/c) x1 July 2018 g, .p‘p._?t.t’ t— t?%ﬁ ‘—>Ib‘W+%|1‘ | lezqra
> T T L A L AR RARA LAAM L AR AR Rans R ] 1
® -CMS 35917 (13TeV) 13 CMS 3.9 fb" (13 TeV) | 1 500 CMS 35.9fb" (13 TeV) |
(,2, C =1704.07781, 0-lep (HF™) weiESperis P % 1205017 7 1805.05784, soft 1-1ep + 0-op e Expocted 1 = 171100752, 0-, 1-, 2-lep (stop) .- Expected 7
=< 21;83'832?2’ 31:22 gﬁfg) —Observed—| g _t:lcm CALEL :sﬂsu:l: (MVA) —Observed | 700} —1805.05784, soft 1-lep + 0-lep —Observed —|
£ - Viena o | ¢ 100 Tk ot oo - T o :
6001—171'1“00752 0-, 1- and 2-lep (stop) —; = | —t—c % 1802.02110, uleg (C!.T)p | 600 L/ ,@ »."'mis.iS:O's(mI*mi‘i)_:
- 1 oo~ | 500 v ]
F 1 8T } — 1
4001 1 0 400- g0 ST 1
u . O 1 Q60— ]
300 % 4 2 1300 AF e =
r £ 2 1 € + 1 s’ ]
1008 (} 4 \ \ ] 20 1100 \(N —i
3 AR W ! ! 1":1 T | l:' - : _ll o b HI""'" "'1 e b e Il: L1 J:
U200 400 600 800 1000 12 200 250 300 350 400 450 500 550 600 650 700 ° 200 400 600 800 1000 121
m(GeVl  1805.05784: (0l & 1) M1V m; [GeV]
Top-tagging (Ol) - Nhara<=2, ISR, MET, H; The two searches
in combination with PT <30 GeV (soft) on the left provide the
+ _ .
11+2l searches MT(I MET) and more...~>44 bins best limits here as well
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On-shell t

t
2-body decay
t .4
Tl ~0
I ‘ﬁ"* X1

m

Off-shell t* &

Limits for direct stop pair production

W* f Chargino-mediated
4-body decay . stop decay

tl f ‘E’ ‘-,_IW+
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%{' t1 \.\'\.W_

b b
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T _-.:‘c’;’/‘;‘g’m“*b”x fﬂﬁ)nojet [[};:’fggggﬁ 1 top-mass reco technlques.
600— “—T—cx coL [1805.01649] ] I I
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- ° L ! R | s
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Search for direct sbottom & squark-pair

Vs=8-13 TeV, 20.3-36.1 fb" March 2018 pp = qq, 9 —qX° July 2018
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Much more results on the publ

SUSY Searches™ - 95% CL Lower Limits

IC pages

ATLAS Preliminary

July 2018 \Vs=7,813TeV
miss -1 ..
Model &7y Jets ET™ [Latib] Mass limit Vs=7,8TeV s=13TeV Reference
T T T —
44, =% 0 2-6jets  Yes  36.1 m(t!)<100 GeV 1712.02332
P mono-jet  1-3jets  Yes 36.1 m(g)-m(¥})=5GeV 1711.03301
£ aaoqh 0 26jets  Yes 361 |2 . miE)<200 GeV 1712.02332
S H g luino Forbidden m(F})=900 GeV 1712.02332
& &5 i—aalOn) Bep 4 jets - 3.1 |2 mi¥})<800 GeV 1706.03731
e ee, i 2jets Yes  36.1 [ m(g)-m(i})=50 GeV 1805.11381
§ 88, g—rqqWZX, 0 7-11jets  Yes  36.1 H m(F}) <400 GeV 1708.02794
S 3eu 4 jets - 361 |2 0.98 m(z)-miE})=200 GeV 1706.03731
c = -
= g, gk 0-1e,.p 3b Yes  36.1 H m(¥})<200 GeV 1711.01901
3eu 4 jets - 36.1 z m(z)-mi¥1)=300 GeV 1706.03731
Biby, by —bY /¥y Multiple 36.1 By Forbidden .9 m(¥])=300 GeV, BR(bY])=1 1708.09266, 1711.03301
Multiple 361 | b Forbidden 0. 58 .82 m(¥})=300 GeV, BR(bE})=BR(:F|)=0.5 1708.09266
Multiple 36.1 by Forbidden m(¥})=200 GeV, m(¥})=300 GeV, BR(:{})=1 1706.03731
biby 0, My = 2% M, Multiple 361 |& M ~ 1 TeV miF))=60 GeV 1709.04183, 1711.11520, 1708.03247
0 M ’ - - N 40'
<8 Multiple 361 |7 Forbi derStOp m(¥})=200 GeV 1709.04183, 1711.11520, 1708.03247
5 =
§.§ If, i~ Wb or it) 02epu 02jets/12b Yes 361 |7 miE0)=1GeV 1506.08616, 1709.04183, 1711.11520
.2 @i, HLSP Multiple 361 |4 m(¥})=150 GeV, m(¥; )- m()(,) =5 GeV, 7y ~ 1) 1709.04183, 1711.11520
i.‘.‘: Multiple 36.1 i Forbidden 05 m(¥})=300GeV, m(¥; )-m(t])=5GeV, 7| ~ 7, 1709.04183, 1711.11520
3, g 7,71, Well-Tempered LSP Multiple 361 | 0.4 m(¥})=150 GeV, m(¥; )-m(¥})=5 GeV, 7, ~ 7, 1709.04183,1711.11520
iy, ekt 1 8, ekl 0 2c Yes 361 |7 m(¥)=0GeV 1805.01649
i 0.46 M7, &)-m(t})=50 GeV 1805.01649
0 mono-jet  Yes 36.1 f 0.43 mif, &)-m(¥;)=5GeV 1711.03301
iy, o + h 1-2 e, p 4b Yes 361 |7 0.32-0.88 M(E)=0 GeV, m(f, }-m(¥%)= 180 GeV 1706.03986
¥ viawz 23e.pu - Yes 36.1 balie / 0.6 m{E%)=0 1403.5294, 1806.02293
e, >1 Yes 36.1 )(*/,t 0.17 mFT)-m(E])=10 GeV 1712.08119
YibS via wh CEILyylEbD - Yes 203 | #EE 0.26 m¥))=0 1501.07110
5 X G, ), - Erom) 27 - Yes 361 | X% 0.76 m(@1)=0, (7, 7)=0.5(m(F} J+m(¥})) 1708.07875
E 2 bl 0.22 mET)-m(E)=100 GeV, m(z. ¥)=0.5(m(¥} )smiF)) 1708.07875
O 7wlig It 2ep 0 Yes 361 |7 0.5 m(E%)=0 1803.02762
2e, 21 Yes 36.1 I 0.18 m(f)-m(t])=5 GeV 1712.08119
HA, H—hG(ZG 0 > 3b Yes 361 |@ 0.13-0.23 0.29-0.88 BR(Y; — hG)=1 1806.04030
dep 0 Yes 361 |#@ 03 BR(¥! — ZG)=1 1804.03602
Direct ¥1.¥] prod., long-lived ¥} Disapp. trk 1 jet Yes 361 | & 0.46 Pure Wino 1712.02118
‘§ " ¥ 0.5 Pure Higgsino ATL-PHYS-PUB-2017-019
(4}
=G Stable g R-hadron SMP - - 3.2 g 1.6 1606.05129
2 ‘a? Metastable & R-hadron, g—gq¥' Multiple 328 |& F@=100ns020g 16 24 m(¥1)=100 GeV 1710.04901, 1604.04520
3 GMSB, ]G, long-lived ! 2y - Yes 203 | &) 0.44 1<r(¥})<3 ns, SPS8 model 1409.5542
88, Wl —eev/epviupy displ. ce/eu/pp - - 203 |2 1.3 6 <ct(¥])< 1000 mm, m(¥})=1TeV 1504.05162
LFV pp—v, + X, v,—ep/et/ut €[,eTUT - - 3.2 Ve 1.9 A5,=0.11, A132/133233=0.07 1607.08079
XivT 103 = wwyzetetry dep 0 Yes  36.1 m(E))=100 GeV 1804.03602
88, 8—qat1, ¥ = qaq 0 4-5large-Rjets - 36.1 Large 1!/, 1804.03568
n>_ Multiple 36.1 m(¥!)=200 GeV, bino-like ATLAS-CONF-2018-003
& gz g ths/ g1k, &) = ths Multiple 36.1 m(¥!)=200 GeV, bino-like ATLAS-CONF-2018-003
i7, i), 4] — ths Multiple 36.1 m(¥?)=200 GeV, bino-like ATLAS-CONF-2018-003
i, i1 —bs 0 2jets+2bH - 36.7 1710.07171
iy, i —=bl 2e,u 2b - 36.1 f 0.4-1.45 BR(7} —be/bu)>20% 1710.05544
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2) "EWK” SUSY Production

NLO + NLL, pp, Vs =13 TeV

=)
5 / ~Q0 ~0 ~0 ~Q
- 104 Neutralinos { XI Xz x3 Z4
.g 3 y  J v J 4
o 10 st 2l IOl
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10—5 1 | | L1 1 Lo X
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SUSY particle mass [GeV]

If colored sparticles are much heavier than EWK partners,
- EWK production will be the dominant

N T o
Xit X £
~0 ~ :
X2 leF '/
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Direct x,*,X,°,x,° production signatures

_Ody decay 14 2'b0dy decay 4 Z H

via slepton / via sneutrinV ” /ff P
X p ‘:-O./ 553 ';/T“-/. 0 558 ------ X1 X2 R ST X9
.'._.‘ e -.'X’V? >-..‘-' -,Xl )A.._.' -..'.'.'
¢ X e Ve S+ K SR X1 e <0
5&& ‘ \.\V X1 ‘\\\ Xit L\\\ X1
/ W= W:I:

If slepton/snueutrino are too heavy
—->WEK-inos to bosons—> 3-lep 3%

We assume x,° x;*
mass degenerate

Vanishingly small x-sect. Higgsinos: x,° X;* x;in GMSB model & effectively M;~0
The various productions: X,%%:*,  X2°%X:% X35 X% * turns to effectively x,%,°
Z H

H
Pe 7
7 7
‘J’/ ) P ) .
Xt ..o =~ el . X el G
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Search for x,% x,* production CMS

¢ Various scenarios for the decay mediator: Z H
/ 3l (X X3—7vl, x=0.5) 0 e
~0 / . N S
Xz .- _E__"/'- =3l (XX—>7vll, x=0.05) > (Iz)T-enriched ..?‘?. e X1
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e ~ - A0 — el
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i -'\ =2l SS + 3l (2('*12('2—>Ivu, BF(I1)=0.5, x=0.05) democratic X1 \\
£ =288 + 31 (TH— I, BF(11)=0.5, x=0.95)
v =8l (XH-TviT, x=0.5) ., (1.)1-dominated w
pp — X3 X3 July 2018 pp — X3 X% July 2018
'>— : I | I I I I T I T | I I I | I I I l I I T | : ; :‘ LI I T 177 | 1T 171 | T T1T7T I T 1T 1771 | LI I:
8 — CMS 35.9 fbo' (13 TeV) 1 o 400-CMS 35.9 o' (13 TeV)
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CMS:

1801.01846

« 2-soft OSlep, MET, ISR jet
- Search bins: using M;, MET
(Sensitive to stop-pair prod.)

cMs
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INBARLARRS
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ATLAS: 1712.08119
2-soft OS lep , MET , ISR jet
Search bins: using My, M,

ATLAS

(Sensitive to slepton-pair prod.)

s=13TeV, 36.1 fbo'

= Total SM
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X,%,X,* pair production (ATLAS)

« Charginos: x*;,x*; =2 2 OS Iep MET>110 GeV 0 or 1 non-b jet, MT2 >100 GeV

Antonis Agapitos, SUSY searches at LHC Run-I|
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More searches... sleptons, GMSB...

CMS Preliminary 35.9 fb' (13 TeV)

95% CL upper limit on cross section [fb]

_ NLO +NLL, pp, Vs =13TeV \/ery small X-sec, but cleans = s 3
- e . . " /A L
S — %.x; (higgsino-like) O B g7 1= NLO-NLL excl. |l °
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é E . \ — if;}: (wino-like) : Slgnature 2|ep OS SF =" 4% —observed + 1 Sineory J
4 ; 350| ::: Expected + 16,,01m g
§ O'J etS M ET MT2 300 ;:r = B _ i
2 (singleé gé'ﬁé'ray B i i E
5 £ ~0 250/ -4 7
mgy) ........................ s - X1 k. = - R
: ): ~—_ 150? 10
10° — : : — ~ = ~0 -
E ATLAS I ¢ D £ X1 100F
w /s=13TeV, 36.1 fo" %- ;C 50
Z 10 2 ‘
) SR2-SF-loose W i 00150 200 250 300 350 400 450 500 550 600 |
.5 . Tc,
I_">“J 102 L Reducible m < 450 _ILRILR_J{% % ——
) Other T2 g E ATLAS - Observed limit (i1cf:j;;y)
m(iz) = (400,1) GeV = e Expected limit (1 G4y,)
R L L m(i;) = (500,1) GeV % F(s=13TeV, 36.1 1 ATLAS 8 TeV arXiv 1403 5204

Il ‘ 1
500 1000 1500

SUSY particle

Al limits at 95% CL

Data / SM

/7
B b boen b b b B e i

AR |, ST
200 300 400 500 600

m()) [GeV]

A\
\
W
o
N
\l
)
8O

i
E Il 1 1 L
100 150 200 250 300 350 400 q 0

o I i i . é My + jets We—y/jet—y DZY
(Di)photon signatures in GMSB context: & LS et B e

q Y
I” X1 -"" VIII
~ w0 7//
~ X1 S 1
3
z
g 7 W/Z/h
= VR  VR2" VR3”' VR4" VRs" VRe" VR7' VR8’ VR’ VR10" VR1{ SR, SR’ sSR!

21/12/18 Antonis Agapitos, SUSY searches at LHC Run-Il 25



UNII,

4 \0
e
.

l1898%

RPV SUSY searches (Huge chapter)

R-parity : Pr=(-1)?5*3(B*L) not conserved->
wm * LSP unstable > SUSY decays to SM finally >No DM candidate
ane No MET from LSPs at SFs=> SM-like signatures (ie: multi-jet)
Searches Machinery:
» Boosted/merged jets with substructure (N-subjetinness)
* Resonances at jet masses

* Extra discrimination with std “tools™ Hy, St N;, Ny, ...

« ATLAS: 1706.03731. Generic search probing these in FS: IHEP contribyti
(Same decayi;nplied at the other leg), Idution
" - _

1400 — Observed limit
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Squarks as pair
of 4-prong jets

38.2 b7 (13 TeV)
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Simulation Supplementary
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» There are really many more (uncovered here) results.

 ATLAS & CMS are searching for SUSY in every possible
combination

« We haven’t found evidence of SUSY (yet)

* New results with x4 higher stat (140 fb-1) will come soon
 |f full Run-2 results provide no evidence... perhaps we’'ll be
allowed to “speak bad” about Natural SUSY... 2>

« Four SUSY talks at our workshop:

L.Davis/The New York Times

14:00 Beyond Standard Model (until 16:00) (Science Hall 101)
14:00 SUSY Search activities at IHEP - Da Xu (IHEP, Beijing)
14:15 Inclusive and Electroweakino SUSY search with leptons - Yang LIU (IHEP)
14:30 Electroweakino SUSY search with Wh - Huajie Cheng (= 8EFfT)
14:45 Search for direct stau production with the ATLAS detector - ChenZheng Zhu (S)
More SUSY results and details on experiments’ public pages:
- https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
CM% > https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
21/12/18
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Overview of SUSY results: gluino pair production
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(1) () (k) (1)

Figure 1. RPC SUSY processes featuring gluino ((a), (b), (c¢), (d)) or third-generation squark
((e), (f)) pair production studied in this analysis. RPV SUSY models considered are gluino pair
production ((g), (h), (i), (j)) and t-channel production of down squark-rights ((k), (1)) which decay
via baryon- or lepton-number violating couplings A” and A\’ respectively. In the diagrams, ¢ =
u,d,c,s and £ = e,u, 7. In figure 1d, l = € i, T and U = Vg, Vy, Ur. In figure 1f, the W* labels
21/12/18 indicate largely off-shell W bosons — the mass difference between X1 and X? is around 1 GeV.
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Compressed stops B

Compressed scenario with small Am (, LSP) proceeds through an off-shell
W, resulting in low-pr decay products.
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Boosted Higgs search

High p H — bb decay with small opening angle. Use large angle jets to
capture full Higgs decay. Identify Higgs tags by presence of two displaced
sub-jets. Jet mass shows clear peaking structure

Select events with 1 or 2 Higgs tags and large missing energy. Backgrounds
predicted from mass and bb-tag sidebands in data.
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OL search for squarks and gluinos
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ATLAS GI\/ISB search: 1/2y, Ol, Nj>=5

Table 1: The requirements defining the seven SRs for the diphoton and photonﬂets searches. All symbols are
defined in the text. An ellipsis is entered when no such requirement is made in the given signal region.

g
(' Signal region SRY, SRY, SRy, SRy, SR’ SR}, SR/
Number of photons >2 >2 >2 >2 >1 >1 >1
~ T Le > > > > > > >
E [GeV] 75 75 75 75 145 145 400
G Number of jets >5 >5 >3
~ Number of leptons 0 0 0
Er?’j“ [GeV] >150 >250 >150 >250 >300 >200 >400
W/Z/h Hr [GeV] >2750 >2000 > 1500 > 1000
meg [GeV] .. >2000 >2000 > 2400
. .. <090 <090
Figure 1: Typical production and decay processes for the (left) gluino-production and (right) electroweak-production A (] et, Em_lSS) > 0.5 > 0.5 > 0.5 > 0.5 > 0.4 > 04 > 0.4
instances of the GGM model for which the NLSP is a binolike neutralino. These models are referred to in the text ~ ' " mTjss miss . ! ) : ) . )
as the gluino—bino and wino—bino models, respectively. Admin(y, En; ) (Ad(y, ET*)) > 0.5 >05 (>04) (>04 (>04)
w T
q o ATLAS Oyy [Oiet—y Oe-y
s =13 TeV, 36.1 " BWyy [1Zyy %SM Total
p t+ Data
q /
X
~ S0
~ S QeaXl
q
p
q Y
Figure 2: Typical production and decay processes for (left) the squark-production instance of the GGM model for VRT” VR2”  VR3"  VR4"  VR5”  VR6"
which the NLSP is a binolike neutralino, and (right) the gluino-production instance of the GGM model for which

the NLSP is a higgsino-bino neutralino admixture. These models are referred to in the text as the squark-bino and ' . .
higgsino-bino models, respectively. ATLAS @y + jets We—y/jet>y OZy Wy

Ys =13 TeV, 36.1 " Wty Clyy/Wyyl/Zyy +5SM Total + Data

21/12/18 Antonis Agapitos, SU¢ VR VR2" VRY' VRe" VRs" VRe’ VR7Y VRS’
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Simplified Models of SUSY Signals

*  We can categorise SUSY signals in terms of production and decay modes:

SUSY Production:

* Typically pair-produced
(MSSM; assuming R-parity

*  Production modes —

SUSY Decay:

Decay into SUSY and SM
particles — final states

SUSY particles) dictates possible
decay modes and kinematics

|
I L]
|
]
conservation) : * Mass splitting Am (final - initial
]
I
]

choice guided by cross-sections

/

Production modes:

* Strong: squarks,
gluinos

«  EWK: charginos,
neutralinos,
sleptons

—:ﬂ
W particle hard something | SM particle
acceleration collision happens detection
T

SM AND SUSY

Final states:
Hadronic (0f) = jets
Single-leptonic (1{)
Multi-leptonic (2{+)

MET in the form of
LSPs (neutralinos)

and neutrinos

Mateusz Zarucki

21/12/18
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Antonis Agapitos, SUSY searches at LHC Run-Il

13
41



SM: Successes & Shortcomings
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SUperSYmmetry: SUSY

New Principle of Nature
Aspin = 1,

Spin Based Symmetry

Fermion €<- Boson

MSM-particle <Or<< MSUSY-Sparticle
ats @ row @ Furcopances Same couplings as in SM I

SUSY proposes solutions to SM problems:
€ Hierarchy Problem € Dark Matter & GUT

T T T LA
E S
F <
EU(1) - SM
F ‘n__ '
. .-—~ - .~
F ~e Lz
-~
-
- P i
- .'S__
. <
.
.
.
-
.

su)

Sparticle loops LSP > DM candidate 102'5‘“;3) SU*SY
cancel out corrections (if “R-parity” conserved) 4o 515 15 15
(lf Acut~< 1 TEV) PRz(_1)25+3(B+L) Log,(Q/GeV)

a’l converges @~101°® GeV
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MSSM: couplings, production

€ MSSM: main framework (124 par.), cMSSM (5 par.) , pMSSM (19 par.).

€ SUSY inherits SM couplings but:
Flavor mixing - Mass eigenstates. Unknown mixing—> unknown couplings, BR...
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0954-3899

Reconstructing R-parity conserving supersymmetric events will be difficult at the large
hadronic collider (LHC) because of the following factors which limit our knowledge of
the event:

e two massive particles have escaped undetected;

e the masses of these particles are unknown;

e the masses of their ‘parent’ particles are unknown;

e the centre-of-mass energy of the collision 1s not known, and

e the boost along the beam axis of the collision centre-of-mass is not known either.

21/12/18 Antonis Agapitos, SUSY searches at LHC Run-I| 46



Full hadronic search SR-bins

1710.11188 top-tagging

1704.07781
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1-Lep A® search SR-bins

" " Lt A¢ Hr Bin Signal T1tttt (mg, mz) [TeV] Predicted Observed
et | P [GeV] | [rad] [GeV] | name (1.9, 0.1) (1.4,1.1) background data
[500, 1000] | AO1 <001 302 £ 024 | 206 & 15 194
[250,450] | 1.0 | [1000,1500] | A02 | 0.03 + 0.01 | 037 + 0.08 | 525 + 8.2 48
>1500 | A03 | 007 + 001 | 005+ 003 | 180 + 42 19
[500, 1000] | A04 | 0.03 £ 001 | 0.66 £ 01l | 131 %27 10
—1 | [450,600] | 0.75 | [1000,1500] | A0S | 0.05 + 0.01 | 027 + 007 | 45+ 17 6
>1500 | A06 | 009 + 001 | 003 +002 | 17 =10 5
(500, 1000] | A07 | 0.04 £ 0.01 | 0.08 £ 004 | 40 = 16 i
[600,750] | 05 | [1000,1500] | AO8 | 0.08 + 0.01 | 035+ 008 | 28 +13 5
>1500 | A09 | 017 + 002 | 002+ 002 | 18 %12 2
S750 | 05 | =500 AT0 | 101 £ 004 | 028 £007 | 26 %11 2
[500, 1000] | BOl | 0.01 £ 0.01 | 206 £ 020 | 147 £ 11 143
[250,450] | 1.0 |[1000,1500] | B02 | 0.04 + 0.01 <001 435 + 75 37
6,51 >1500 | B03 | 0.13 + 001 <001 109 + 2.8 12
4 (500, 1000] | BO4 | 0.02 £ 0.01 | 054 £ 040 | 94 = 22 10
—2 | [450,600] | 0.75 | [1000,1500] | B05 | 0.10 £ 0.01 | 017 +006 | 34+ 17 9
>1500 | BO6 | 0.19 + 0.02 <001 139 + 0.82 2
[500, 1000] | B07 | 0.03 % 0.01 <001 24+ 13 3
[600,750] | 05 | [1000,1500] | BO8 | 0.0 + 0.01 | 026 + 007 | 1.16 + 0.90 1
>1500 | B9 | 024 + 002 | 003 + 002 | 1.05 + 078 0
>750 | 05 | =500 BI0 | 150 £ 0.05 | 032 &£ 008 | 042 £ 034 3
[500, 1000] | COT | 0.01 £ 0.01 | 1.03 £ 0.14 | 329 % 33 34
[250,450] | 1.0 | [1000,1500] | C02 | 0.06 + 0.01 <001 10.6 + 2.1 5
o3 >1500 | C03 | 0.13 + 0.01 <001 293 + 091 3
2 [500, 1000] | C04 | 0.03 £ 0.01 | 029 £ 007 | 1.38 % 050 2
[450,600] | 0.75 | [1000,1500] | CO5 | 0.09 + 0.01 | 020 + 006 | 072 + 039 1
>1500 | C06 | 020 + 0.02 <001 0.66 + 0.45 0
>600 | 05 | =500 C07 | 1.85 £ 0.05 | 023 + 006 | 1.66 £ 0.69 2
(500, 1500] | D01 | 0.01 £ 0.01 | 090 £ 012 | 79 £ i1 7
_ [250,4501 | 1.0 | "S1500 | Do2 | 0.03 +0.01 | 002+ 002 | 215+ 067 1
450 | 075 | [500,1500] | D03 | 013 £ 001 | 072 %011 | 108 £ 039 0
2 : >1500 | D04 | 038 002 | 010 + 004 | 050 = 0.27 1
[500, 1500] | B0 | 0.02 £ 0.01 | 115 £ 014 | 7.26 = 0.97 9
20|20 40| 10 o500 | Bo2 | 008 001 <0.01 281 + 0.89 4
w50 | 075 | 0015001 | E03 | 023 £002 | 083 012 | 071 026 2
= ' >1500 | E04 | 072 4003 | 020+ 005 | 059 + 031 1
(500, 1500] | FOI | 0.03 £ 0.01 | 079 £ 041 | 3.55 £ 0.72 3
o3 [250,4501 | 1.0 | "S1500 | Fo2 | 0.13 + 0.01 <001 0.83 + 035 0
2 0 | ops | [500,1500] [ F03 | 0314002 | 026=006 | 033017 0
z : >1500 | FO4 | 1.04 + 004 | 017 = 005 | 0.05 = 0.05 0
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Compressed and Displaced SUSY

n n g m ] DO
Higgsinos expected sensitivity St o
¥
'iz T, ’;ZZ ;’Z:’ 1, ';ZT 1, ';Z? production, tanp =5, p >0 Pure Higgsino
;‘ I T T T T | T I T | | I T T I | T T T T | T T I T
S ) ATLAS Simulation Preliminary
sy 108 T S (s=14 TeV, 3000 fb™, u = 200
M Y All limits at 95% CL ]
E | N ]
_H _ anadd 5c discovery ]
-7 - - - - Expected limit
1= - Disappearing tracks —
. puetd [ Soft leptons ]
B [ 1 LEP2 exclusion ]
B SR Theory |
| | 1 1 | | 1 | | | | | 1 1 1 | 1 | | 1 | | 1 | 1
100 200 300 400 500 |
m(g'q) [GeV]
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