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B A symmetry which unify fermions (mater) and
bosons (forces) —> A fundamental theory

B Conserved R parity (originally introduced for

SUSY Introduction

stability of proton)

- SUSY particles produced/annihilated in pairs

R = (_1)3(B—L)+25

R=+1 (SM)
R=-1 (SUSY)

— Lightest SUSY particle (LSP) stable (DM candidate)
— Typical signature: jets/leptons/photons + MET
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Standard particles

SUSY particles
v 0 123
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SUSY Search Strategy

B SUSY search strategy: search for

deviation from SM SUSY

/

Q.

B SUSY sensitive variables: Try to
establish excess of events in some
sensitive kinematic distribution

Cut &
Cowrt

Ermiss
B SM background: the dlscoyery of SM “backgrounds”— the big picture
new physics can only be claimed = : —
when SM backgrounds are understood | 5" | e
well or under control we
- SM bgs understood very well © 10 =
- No hints for new physics ® 1L s ]
— Slightly overshoot in WW cross ok e e I
section, but consistent with NNLO i
XseC. W z f t wWw Wz Wt Y74
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E™iss from escaping LSP, to
suppress bg from mis-
measured jets and oth. SM BG

Related to the sparticle
mass scale, like effective
mass (M)

AT
“Mats

Mg=Y 1 s
i=1

Ja"r'.ep

jet,i lep.j
prot e

j=1
mT, mT2 (stransverse
mass): suppress BG with

Ws

miss

~an)|

Many others ...
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SM Background Modeling

B SUSY searches rely on accurate modeling of the Standard
Model backgrounds

_ombined fit of
all regions and
»ackgrounds and
ncl. systematic
2xp. and theor.
incertainties as
uisance
»arameters
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Standard Model

Top, multijets
V, VV, VVV, Higgs
& combinations of these

Reducible backgrounds Irreducible backgrounds

Determined from data
Backgrounds and methods
depend on analyses

Validation

Validation regions used to

cross check SM predictions
with data

Signal regions
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Dominant sources: normalise
MC in data control regions
Subdominant sources: MC

blinded

blinded



Strong production: gluino pair,
gluino-squark and squark pair
(include 39 generation) production

1) Generic signatures :

Multi -jets + n_lepton/n_photon(n=0,1,
>2) + large E-™ss (OL,1 L, >=2L)

2) large xs, but heavy SUSY mass scale

Weak production: direct

gaugino/slepton production

1) Generic signatures:

low—jet multiplicity + = 2leptons + large
E miss (2/3/4L, >=2tau)

2) low xs, but small SUSY mass scale

10 El
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SUSY Search @ LHC

Strong production: gluino pair, 'S P L X
gluino-squark and squark pair >> ) .
(include 34 generation) production P / ~

‘ 10 g & T
B 1lept. +jets + MET (IHEP@RUN1+RUN2) OB} pp > SUSY -
B Inclusive tau+X (IHEP@RUN1+RUN2) i
1 E =8Te ]
B >SS/3 1+ 0-3 b-jets + MET (CPPM@RUN3; Strong :
CPPM+IHEP@RUN2) o Strong a8 grgg;ctszggrks
10 E production and gluinos) E
. . 2 B N
Weak production: direct C f
gaugino/slepton production LN
10 b LB PP et
B >tau+ MET (IHEP@RUN1+RUN2) 200400 \?‘) 1200 14°°[Gelv6]°°
B L+ MET (CPPM@RUN1+RUN2) US harticle mass
B Wh->1lbb (CPPM@RUN?1) 0
2) low xs, but small SUSY mass scale

The results area based on 20 fb-1 @ 2012 , Hefei, china \@ 7



1. Ditau Analysis - Motivation

C1N2 via C1C1via . .
: : Direct stau pair
stau/sneutrino Stau/sneutrino

v T

JHEP 10 (2014) 096

O First search for production
of C1C1 and Dstau with
hardronic tau decays from
the LHC !

O Leading contribution from
IHEP

by naturalness arguments.

B Very challenging searches

B Search for electroweak (EWK) SUSY below the TeV scale is motivated

B EWK production has a low cross-section compared to strong production

B But leads to multi-lepton signatures with very low SM background.

B If strong production is suppressed, EWK processes could be the
dominant SUSY production at the LHC. (EWKino <1 TeV)

B Secarch for direct gaugino/stau production with final state: 2tau + MET

15-04-08 FCPPL 2015, Hefei, China




Ditau analysis - SR

ETsS > 40 GeV
mre > 100 GeV

mTr1 + Mryo > 250 GeV

meg > 230 GeV

SR-C1N2 SR-C1C1 SR-DS-highMass | SR-DS-lowMass
> 2 OS taus 2 OS taus > 2 OS taus > 2 0OS taus
b-jet veto jet veto looser jet-veto looser jet-veto
Z-veto Z-veto Z-veto Z-veto
AR(t,T) <3 AR(T,7) <3
mT2 > 30 GeV mT2 > 60 GeV mT2 > 30 GeV

Meg > 260 GeV

B b-jet veto: N(B20)=0

B jet veto:

N(B20)+N(L30)+N(F30)=0
B looser jet-veto:
N(B20)+N(L50)+N(F3 0)=0

B 4 SRs designed targeting different scenarios: one for C1N2, one for
C1C1 and two for Dstau
B Main backgrounds:
- WH+jets (1real+1fake): normalized MC to data in WCR
— Multi-jet (2fake): ABCD data-driven estimation (next slide)
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Ditau analysis — results

H ABCD method:

Define 4 regions from 2 un-correlated
variables (Multi-jet CR-A/B/C, SR-D)
TF obtained from multi-jet event (low
mT2/meff/f mTT1+mTT12 region from
Data): TF=C/B

Extrapolation performed from Ato D
through TF (D = A * C/B)

m Validation Region (Multi- jet VR-EF):

used for validation and systematics

Used for nominal Used for validation
ABCD method and systematics
T=C/B
Multi-jet
CR-A SRD
Multi-jet T=CB | Multijet
VR-E [ VR-F
Multi-jet Multi-jet
CR-B CR-C /\
2 loose 1 medium
(tight veto) 1 tight Tau ID

No significant excess, set limit

Events / 10 GeV

SR-C1N2 SR.DS-highM SM process SR-CIN2 SR-CIC1 | SR-DS-highMass | SR-DS-lowMass
R I I I B R S I E| o SRDShighMass -
é;z;:amal E?:":S:rks . 31 ATLAS e Data  [Joiboson E Top 030019 | 07=04 09 =04 1.3+ 0.6
[ JMuttiet e (T ™) = (250, 100) Gevy o (s =8TeV, 20.3 fb” ésm Total .(Top QUar)ks 50,1006 v: Z+iets 09+05 | 020 =017 06 =04 0.40 + 0.27
dets - (MM ) =(250,50)Gev | 102 Multiet  «ax: e M) = (259, e o
D;‘/ o (mx,mx)=(127, 0) GeV E §2] DW+jets ___‘(mi‘,mi,)=(250, 50) GeVv 3 W +]ets 22+08 11.2 + 28 2.7=09 41+1.2
Dzsiets  weee(M, 7 3 S Dzvets ...‘(m?‘.mij)=(127.0)GeV i .
=T - B Diboson 2209 38 =14 25 =10 29+1.0
ATLAS 3 SR 2 o
a4 4 —> 3 Multi-jet 23=20 5.8 =33 09 =12 28+23
f5=8Tev, 203" i I +7 1 ulti-je 5
3 1 - i e, M 9 . SM total 7924 225 75 =19 11.5£29
v E 1 Observed 11 12 7 15
m SV "V Ref. point 1 11328 | 85=22 102 + 2.6 75+ 2.0
E— Ref. point 2 9.2+21 20+ 4 124 £ 2.8 12.8 £ 2.7
7 //// 7 T 5 Ref. point 3 0805 7.6 =19 38 = 1.0 52+13
S SR % 7 / P 0.20 0.50 0.50 0.21
0 20 40 60 80 100 120 140 160 18n? 2[%)6\3]20 : il 360 G \I;i':O Expected U?‘:: (ﬂ)) < 042:31? < U56:HI’; < 037:8{5 < 051:::?;
T2 Mgt e . 95
15-04-08 FCPPL 2015, Hefei, Observed o, (fb) < 0.59 < 0.37 < 0.37 < 0.661 0




m.: [GaV]

Ditau analysis — limit

B Use SR with best expected limit per signal point for all interpretations

LU0 e S S B B B N B e ;3[):] T T T L L S S R
ATLAS Bl =P2 7 (10950ev) 3 3 ATLAS o ey poasceyy S
350 = 21aus, combined SA-A) o ~ . 2 taus, comiined SA-Al .
) 3L cbserved limit () 4 £ 280X 2wtV a2 ~
[Late203%", (58 Tov S ILc:-:G.:Hn "feBTev ]
300 y - m, N -3 R
-Mmmo:) = 0.5 o HMMI&IO‘::D o
¥ . 200 g -
250 = =7 Expectad limt (£10,,) . L vV Ts»ng wi === Expected it (t10,,) .
Al lmiss ot B5% CL ofes E N
200 - I1E 2 ¥ 2 xwi — 150 —
150 3 . ’
’ - 100 -
100 B 4 Oy 2 sl ]
S 50 - e
50 _.'-4 s’ :
0 P =" A PP BRSPS B PP s 3 o1 o]
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400
m_.~m.. [GeV] m.. [GeV]
- -~ L - ~{) . - ™ .
(a) X7 X7 and X7 X2 production (b) X7 X% production

B C1N2+C1C1 production: C1/N2 mass up to 410 GeV excluded for
massless N1

B Wino-like Chargino production : C1 mass up to 345 GeV excluded
for a massless lightest N1

15-04-08 FCPPL 2015, Hefei, China
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Ditau analysis — limit
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B For large (low) stau masses, SR-DS-highMass (SR-C1C1) provides

the best upper limits

B Multivariate analysis technique (MVA) has been used for direct
stau search by HUAN (co-phd student between CPPM and IHEP),
which has been approved by SUSY group for part of legacy/
summary paper.
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Ditau analysis — Run2 preparations

B Run-2 preparations already started last year

O 13 TeV sensitivity check using pdf reweight from Original Selection
8 TeV, comparable sensitivity from 10 fb-1@13 Zn Map
TeV with run1 => will combine run1 with run2 for =R :

first publication Cut-and-countSR
O SR re-optimization for run2: ongoing '

O Preliminary sensitivity checks have been
done using MVA methods for 8 TeV samples.

Adie  4fSu  sdle 2§l 1S 1269 ors2ar

1
0

- Already competitive results seen using MVA for | SO e |
C1N2 gl’id- BDTZS“eAIection o
— Some hint on discrimination variables from MVA _
Signal: CIN2
B Will cover more challenge region (already Falniiny SR

checking in 8 TeV data now)
- C1N2 -> Wh (h->tautau): higgsino search

— Compressed scenario: VBF C1N2/C1C1, ISR
jet, ...

15-04-08 FCPPL 2015, Hefei, China 13



2. SS2L/3L Analysis @ Run1

1c.04.08
1

Target signals with gluino pair or guino-squark
pair production resulting 21 SS or 3l final states

These SRs increase sensitivity to longer decay
cascades, compressed mass spectra, 3™
generation squarks ...

This search benefits from low SM bg, it allows the
use of relatively loose kinematic requirements on
Emiss, increasing the sensitivity to the scenarios
with small mass differences between SUSY
particles (compressed scenarios) or where R-parity
Is violated. =» sensitive to a wide variety of
models based on very different assumptions.

CPPM made a leading role in this analysis for
runi: two PhD students (Otilia Ducu and Julien
Maurer ) involved in it (the former CPPM student
Julien Maurer is co-contactor of this analysis for
run2

ECDDI ~>o1c _Hofaoi China
E44 ¥

JHEP 06 (2014) 035

Natural SUSY, light
3" gen. squarks — tops
t

Gauginos cascades
q W

Light sleptons

q v/l
557
p
>1(} Pt (-;< %t
- X1 L
SR {‘2’ (“/f/ ~0
' q _’__<' X1
P (/v
q (/v

7
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2. SS2L/3L Analysis @ Run1

B 5 SRs with SS2L + 0 or 1
or 3 bjets, or 3L

— few SRs, but sensitive to
many models

— great discovery potential
— Discriminating variable:
Meff, MET
B Same Sign 2L: very clean
channels with only tiny SM
bg (mainly top+V, diboson,
tri-boson)
— Most data-driven
- Fake lepton: MM
- Charge mis-
measurement: likelihood
fit method (two Z control
samples: OS, SS)
— Others: MC

15-04-08

g—tt
—t Xy gluino-mediated top squark — t X}
b X
+(%) (] ; : V=
—W gluino-mediated top squark — b X3
cx) gluino-mediated top squark — ¢x!
-b s gluino-mediated top squark — bs (RPV)
rZ(*) X\ - - gluino-mediated (or direct) squark — ¢' W Z x!
(* _‘W:t(*) =0
q —qq X2
q —q' X7 W59 - gluino-mediated squark — ¢’ W X9
“Ey IED . . .
_ . gluino-mediated (or direct) squark — sleptons
g——qg® —llov
q =g X3
-1 t X7
WEEI 9 direct bottom squark — ¢ X7
SR Leptons  Np_jets Other variables Additional requirement I
on Mg
SR3b SS or 3L >3 Niets =2 5 Meg>350 GeV
SROb SS =0 Niets = 3, EF*> 150 GeV, Meg>400 GeV
mr> 100 GeV
SR1b SS >1 Niwe > 3, ERis> 150 GeV, Mg >T700 GeV
mr1>100 GeV, SR3b veto
SR3Llow 3L Niets > 4, 50 < EF=*< 150 GeV, Mg >400 GeV
Z boson veto, SR3b veto
SR3Lhigh 3L Niets > 4, E%‘*“) 150 GeV, SR3b veto Meg>400 GeV

FCPPL 2015, Hefei, China
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Events / 655 GeV

Events / 722 GeV

SS2L/3L Analysis @ Run1

é""' "sm'bn'eg‘;""" Bl T 'l"SRDLR:m'"I'_:g T T ] B T e e —
e ATLAS o JgL,- ATLAS oo Jgwof- ATLAS < oo 48 [ aras St fogen .
F -[ Lat=2038 f5 =8 ToV L] Fake epions e .[ Ldt=203 10", Vs =8 TeV i::loe':ons EEN _[ Ldt-=2031" \s=8Tev B rae oo 1E°F IL dt=2031",\s =8 TeV Ao E
61— [ charge fiip 9 8 I Chrge fip —: S o5 C B crorge JE C [ Fake Ieptflns E
F [ Top+Xx B [l B op+x 1 1514 [l charge fip .
5 I 0o SZ’QT" “on i E = F [l Diboson + Triboson ] C Eop ]
E Ehedpai 1 he 3 oL - goproducton,gotet’ ] 121~ —
£ OS2 L-3b EIRIE | ER: SSaL-1b smasw 1o SS3LIow o e
E 7 o I 4 s = i ]
3 — 1 F . E 8 =
e ] 4 r 1 E ]
] 1 1o - 6 -
27 — §eé = C ] F b
;'7 ] temomoqennnod] L ] .
// % arp EI — 3
4 7l Y %. R~~~ T[T 1 ]
200 400 600 800 1000 1200 m::[OGOeV] 400 600 800 1000 1200 m::?ge\/] 1000 1200 nt:??;eV] 1000 1100[@! 1\/2]00
meil e
———
— SR3Lhigh Region - . « D :
[ ATLAS oan e E SR3b SROb SR1b] SR3Llow SR3Lhigh
- jL dt=203fb",\s =8 TeV B ] Observed events 1 14 10} 6 2
o [ charge i B P -~ P P
51— B orox - Total expected background events 22408 165+23 47+21] 43+21 25+0.9
- [l Diboson + Triboson B
B = 5,5, procuton ] p(s=0) 0.50 0.03 0.07 0.29 0.50
"'"""""""""""'I bJﬁti:.m(i?):GUGe\/ —_
- (b 2) = (450,200 GeV Ezpected signal events 34+07 24.3x35 164x30 106x=x10 50=x08
s 553 thgh ] for chosen benchmark models
2i E Components of the background
. 7 ttV, ttH, tZ and titt 1.3+£05 09+04 25+17 16+10 1.3+07
W70 77777 s Dibosons and tribosons <01 4217 0904 1206 1206
Fake leptons 0.7+0.6 12413 0812 16%16 <0.1
400 600 800 1000 1200 1400 1600 1800 : :
Moy [GeV] Charge-flip electrons 02=01 02x01 05x0.1 — —

B No significant excess for SR3b, SR3L

B Small excess on SR0b (1.80) and SR1b (1.50), SROb+SR1b: 2.10

15-04-08
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SS2L/3L Analysis @ Run1

g g production, 2-step decay: g g — qqq'q'WZWZi?i? g g decays via sleptons, g g — qqq'q‘ll(ll)i? %:) + neutrinos
_I 1T | TTTT | TTTT | TTTT | T TT | UL | LU | T 1T ;‘ _‘ T T T ‘ T T T | T T T ‘ T T T ‘ |" T T |
200" ATLAS 8 1200 ATLAS :
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- T 3\: B \ 3Ea7 T
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_IJIJ|IIllllI|I|lI|lll\“l‘ll‘l‘“":ll‘i‘“’t'v‘fill||I|l;— 200,_5‘ 47 7 ',31 3‘31_72
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I L t B Gluino-mediated top squark scenarios,
1400 |- - ]
- [Lazsntiarer P t favored by naturalness arguments, are
- 2 same-charge leptons/3 leptons + jets B -0 ~
1200 — e L X1
o o excluded for mg <[600-1000] GeV, largely
C 164, 0
1000 — —— 0lepton, 7-10 jets, \s=8 TeV, 20.3 fb™' — H
oo ot et V.70t ] t independently of the top squark mass and
800 [ Altimits at 95% CL J ¢ d d
: : ’ ecay mode.
600 [ 3
wh E B Similar limits are placed on gluino-mediated
E production of first- and second- generation
ATV IVR TR b 1 0TI I quarkS for myx 01 < [300_600] GeV.

600 700 800 900 1000 1100 1200 1300 1400 1500
m; [GeV]
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B Many other interpretation in paper
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% SS2L/3L Analysis: Run2 preparation

B From RUNI:
B Very clean channels with only tiny SM bg, and most of the BGs estimated
from data, not too much dependent on MC
=» aim to very first publication for first several fb-1 run2 data, which
is one of the most several promising analyses

B Manpower from CPPM+IHEP:

- Runl: Otilia Ducu (PhD student) and Julien Maurer (former CPPM
PhD student, now co-contacts of this analysis for run2)

- Run2: 3 PhD students (Huan Ren, Sebastian Kahn, Otilia Ducu) and 5
seniors

B CPPM-+IHEP Response for:

B Optimized SR definition from cut-and-count (considering new
discrimination variable from MVA)

B BG data-driven estimation, like fake-bjet for SR3b (MM, which is
validation due to low statistics for runl)

B Systematics and final results ...



SS2L/3L Analysis: Run2 preparation

Already checked with MVA for SR0b, will

move on to SR1b

Not too much gain from MVA since most
powerful variables already used in the paper
(Meff, MET), will add mT in SR optimization

Using cut-and-count, given a very preliminary

on SR1b definition: MET>450GeV,

Meff>1600GeV, Mt>150GeV, will further

optimize considering MVA hint

Zn value

S

T T T

Otop ~4000

diboson 23500
takelep

[Jenaoo,1 Eauou
~2500

—=2000
~1500
~1000

=500
g

1 i
20 w0 M0 I 40 4

5 I =
w0 o o O

cut for Et . .(GeV)

1
07 1GI0 AT0 fBC0 faco 2ton

cut for Meff(GeV)

[ B
[top 8o
diboson

fakelep
[]G{1000,10CE60

cut for MT(GeV)

variable separation |variable importance
Meff 0.62 Meff 0.11
MET 0.61 MET 0.11
Mt 0.42 jet3Pt 0.09
jet3Pt 0.4 Mt 0.09
jet2Pt 0.36 lep2Pt 0.09
jet1Pt 0.31 lep1Pt 0.08
lep1Pt 0.17 Ht 0.08
Ht 0.16 lep1Eta 0.08
Mjj 0.15 jet1Pt 0.07
let1Eta 012 |jet2pt 0.07
Mil 0.07  [Mij 0.06
lep2Pt 0.07 Ml 0.04
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Outlook and Summary

B Fruitful results from Run-1 for CPPM and IHEP

O Electro-weak SUSY search with at least 2taus

O Electro-weak SUSY search with at least 2 leptons
O Higgsino analysis from Wh->1lbb

O Inclusive SUSY search with lepton

O Inclusive SUSY search with tau+X

O Inclusive SUSY search with SS 2 leptons/3L

B Corporation from CPPM and IHEP for run2 on
SS 2L/3L

15-04-08

o Already started & look forward to Run-2!

FCPPL 2015, Hefei, China 20



Exciting times
are ahead of
us !

YOUR
ATTENTION!

FCPPL 2015, Hefei, China
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Since 2010, ATLAS&CMS have invested huge efforts
in SUSY search @QLHC : Great Luminosity recorded

w
9]

25

20

15

Delivered Luminosity [fb™]

15-04-08

ATLAS Online Luminosity

e 2010 pp Vs =7 TeV
=== 2011 pp s =7 TeV
= 2012 pp \'s =8 TeV

~ 20 fb-' 8 TeV data (2012)

~ 5fb17 TeV data (2011)
~ 35 pb' 7TeV data (2010

FCPPL 2015, Hefei, China
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SUSY models: good sale in market

O Simplified Models:

B Not really a model (Br~100%, most masses fixed at high
scales)

B Important tool for interpretation

0 Phenomenological models:
B pMSSM: captures “most” of phenomenologic features of R-parity
conserving MSSM

- 19 free parameters: M1,M2,M3 ; tan 3, y and m,. 10 sfermion
mass parameters; A, A, and A,

- Comprehensive and computationally realistic approximation of the
MSSM with neutralino LSP

B GGM (gravitino)
O Complete SUSY models: mSUGRA, GMSB ...

15-04-08 FCPPL 2015, Hefei, China 23



Outline

B SUSY Introduction

B SUSY Search Results in
Run1

B Preparation for Run2

B Outlook and Summary

15-04-08 FCPPL 2015, Hefei, China 24



New Physics beyond the SM

Big Questions

L &
o) 1 % ® B
=) Q. % 3 o o & %’&
% 2 s 2, . ®
Big 2z 4 % B %Y S8, N %
% &y Oe %, % on  hon & G
ldeas e @ ® > =T = e %

Compositeness,
Extra dimensions

Extended
Higgs Sector

Top
Partner

Wiz’

Minimal
Dark Matter

Hidden
Sector

Multiverse

S. S

Snowmass new physics working group report
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[GeV]

M_o

Inclusive search for squark and gluino
production Summary

M(~g) .vs. m(LSP)

g production, §— tix,, m(@) >>m(@), Vs = 8 TeV ICHEP 2014
TITT T TTT[TTTi
1000 — ATLAS 95% CL limits. o’>¥ not included.
L - ---Expected g jepton, 7- = 10 jets L =203fbY
Preliminary = Observed arXiv: 1308.1841 int
- Expected . _ B
o Observed ngiv'ﬁ%%'.‘deios brets (L =201 7]
Observed . B
800 — Expected 2SS/3lepions, 0- =3 b-jets [L =203 ]
600 — —
400 — —
- |
L& 4
200 — —
- 1 —
b b b b e e M s Lo b b e a

600 700 800 900

15-04-08

1000 1100 1200 1300 1400 1500 1600

ms [GeV]

CMS: PAS-SUS-14-010(NEW)

CMS Is =8 TeV L, =19.5f"
| —— Observed UL |
600 ..... Expected UL N
400 —
O -|_ L L L | L L | L L L :: ! L L L |l‘: L E L

200 600 8

FCPPL 2015, Hefei, China
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m %? [GeV]

600
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200

100

ElectroWeak Production Summary

ATLAS Preliminary 20.3 b, Vs=8 TeV Status: ICHEP 2014

L —_ %ch via /¥, 3l, arXiv:1402.7029 - - - - Expected limits

— X%, via /¥, 2e/u, arXiv:1403.5294 Observed limits

All limits at 95% CL

— A Via T/, 3, arXiv:1402.7029

— %% via T /¥, =21, ariv:1407.0350

XX, via T /¥, =2t arXiv:1407.0350
—— X%0 Via WZ, 2e/u+3l, arXiv:1403.5294

%% via Wh,  e/ubb, ATLAS-CONF-2013-093

%Xy via Wh, 31, arXiv:1402.7029

arXiv:1403.5294

— XX, via WW,  2e/u, )

---------
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: = = ~0 ~+ - ~0, 0,
- CMS Preliminary %, 7y = (HE)W %)
- ~0 ~=x ~0, ~0,
" /s =8 TeV % = @ L)W L)
- — 305 (1, BF(I'T)=05
- ICHEP 2014 % %y (1. BR(I'T)=05)
- — %% (T,.BFOT)=1)
N ~0 ~x —_—
- — SUS-13-006 19.5 b % X (7 7
--------- SUS-14-002 19.5 b ey U NS0
R o
="~ Expected RS
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neutralino mass = chargino mass [GeV]

B Comparable for C1N2 via slepton

B CMS: SS improvement in compressed region; no results on C1C1

B ATLAS: more results for compressed scenario will be ready soon

via stau and WW
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: ICHEP 2014 \Vs=7,8TeV
miss - - -
Model & Ty Jets ELY [Lddqm™) Mass limit Reference
T T Ll Ll I T T T T T T T T I T T Ll Ll L) L} T
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 4,8 1.7TeV  m(3)=m(g) 1405.7875
MSUGRA/CMSSM e 3-6jets  Yes 20.3 g 1.2 TeV any m(g) ATLAS-CONF-2013-062
» MSUGRA(;CMSSM 0 7-10jets  Yes 203 |2 1.1 TeV any m(q) 1308.1841
g 43, q-»q,\?] 0 2-6 jets Yes 20.3 q 850 GeV m(¥})=0 GeV, m(1*t gen. §)=m(2" gen. g) 1405.7875
S 27 8-qa() 0 26jets  Yes 203 |& 1.33 TeV m(E%)=0 GeV 1405.7875
® 32 3—oqgti oqqW* )%1 lepu 3-6jets Yes 203 |2 1.18 TeV m(F})<200 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2013-062
D 5z, §qq(ll/tv/v)¥) 2e,u  0-3jets - 203 |z 1.12 TeV m(?)=0GeV ATLAS-CONF-2013-089
Q  GMSB(ZNLSP) 2e,pu 2-4jets  Yes 47 tang<15 1208.4688
g GMSB ( NLSP) 1-27+0-1¢ 0-2jets  Yes 20.3 tang >20 1407.0603
S  GGM (bino NLSP) 2y - Yes 203 m(¥})>50 GeV ATLAS-CONF-2014-001
£  GGM(wino NLSP) Teu+y - Yes 4.8 m(¥))>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥%)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3 jets Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(G)>107* eV ATLAS-CONF-2012-147
ST g-bbll 0 3b Yes 201 | 1.25 TeV m(¥2)<400 GeV 1407.0600
mg g—>tl9( 0 7-10jets  Yes 203 |2 1.1 Tev m(¥}) <350 GeV 1308.1841
T oy &MY, O-1e,u 3b Yes 201 |2 1.34 TeV ()? )<400 GeV 1407.0600
o g—obiY| 0-1e,p 3b Yes  20.1 z 1.3 TeV m(¥7)<300 GeV 1407.0600
biby, by _>le 0 2b Yes  20.1 By 100-620 GeV m(¥))<90 GeV 1308.2631
o e bbbty 2¢,u(SS) 03> Yes 20.3 by 275-440 GeV m(eT)=2 m(t}) 1404.2500
= .g 7171 (light), 7 —bXT o 1-2e,u 1-2b Yes 4.7 £ 1 m(¥})=55GeV 1208.4305, 1209.2102
3 S A (light), 7> Wb, o 2epu 0-2jets  Yes 20.3 2 130-210 GeV m(t}) =m(# )-m(W)-50 GeV, m(f, )<<m(¥}) 1403.4853
g'g 717 (medium), 7; —»u?.+ 2e,u 2jets Yes 20.3 3 215-530 GeV m(¥))=1GeV 1403.4853
< g Afi(medium), 7y —>0be 0 2b Yes 20.1 2 150-580 GeV m(¥})<200 GeV, m(F})-m(¥})=5 GeV 1308.2631
g;—- 7171 (heavy), 7} »2¥ 1epu 1b Yes 20 A 210-640 GeV m(¥})=0 GeV 1407.0583
28 iiii(heavy) i, 0 2 Yes 201 |4 260-640 GeV m(i4)-0 Gev 1406.1122
T N, ok 0  mono-jet/c-tag Yes 20.3 3 90-240 GeV m(f)-m(¥})<85GeV 1407.0608
717 (natural GMSB) 2e,u(2) 1b Yes 20.3 2 150-580 GeV m(¥))>150 GeV 1403.5222
aby, oty +Z 3e,u(2) 1b Yes 203 |% 290-600 GeV m(¥})<200 GeV 1403.5222
Z:L R R, [—w(, 2e,pu 0 Yes 203 |7 90-325 GeV (#))=0 GeV 1403.5294
- )g{\/ )(]+ — () 2e,u 0 Yes 203 | ¥ 140-465 GeV (¥1)=0 GeV, m(Z, 7)= ols(mwf)mm’)) 1403.5294
S Q Wty Hi-tvan) 27 - Yes 203 | i} 100-350 GeV mE))= 0GeV, m(r, 7)=0. 5(m(/?| )+m(/\_’1)) 1407.0350
5 0y —>L’Lv£L€(vv) VL) 3e,u 0 Yes 203 | %K 700 GeV m(ET)=m(¥3), m(¥)= =0, m(Z,7)=0. 5(m(¥7)+m(t})) 1402.7029
Xl)( —WH ZY) 2-3e,u 0 Yes 20.3 Xi X 420 GeV (¥F)=m(¥3), m(¥})=0, sleptons decoupled 1403.5294, 1402.7029
Xé)( _>WX] h¥ lepn 2b Yes  20.3 )_(;xf 285 GeV (F7)=m(¥3), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
3, X3 —lrl 4epn 0 Yes 203 |X; 620 GeV m(E3)=m(3), m(¥?)=0, m(Z, #)=0.5(m(¥3)+m(¥1)) 1405.5086
2 8 Direct ¥1X] prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 |5 270 GeV m(eT)-m(¥})=160 MeV, (¥7)=0.2 ns ATLAS-CONF-2013-069
$ o Stable, stopped g R-hadron 0 1-5jets Yes 279 |& 832 GeV m(¥})=100 GeV, 10 ps<7(%)<1000 s 1310.6584
DT GMSB, stable 7, X’?—»-?(E, p+r(e,p) 1-2p - - 15.9 10<tanp<50 ATLAS-CONF-2013-058
5 S GMSB, B —yG, long-lived ¥} 2y - Yes 47 0.4<(¥0)<2 ns 1304.6310
=~ 44, X1 —qqu (RPV) 1 u, displ. vtx - - 203 | g 1.0 TeV 1.5 <ct<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥: + X, Vr—e + 2e,u - - 4.6 45,,=0.10, 2,3,=0.05 1212.1272
LFV pp—v, + X, V:—e(u) + Teu+t - - 4.6 A,,,=0.10, 2,(2)33=0.05 1212.1272
E Bilinear RPV CMSSM 2e,u(SS) 03b Yes 20.3 q, 1.35 TeV m(g)=m(g), ctsp<1 mm 1404.2500
o< TR, X WS ¥ —eei, epve 4e,u - Yes  20.3 )_(f 750 GeV mF})>0.2xm(¥r), 4121 %0 1405.5086
Y WL et erve Bep+T - Yes 203 |k 450 GeV m¥})>0.2xm(FT), 4133#0 1405.5086
8—49494q 0 6-7 jets - 203 |2 916 GeV BR(r)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g1, fi—bs 2¢,u(SS) 030 Yes 203 |2 850 GeV 1404.250
o Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
g Scalar gluon pair, sgluon—t 2e,u (SS) 2b Yes 14.3 ATLAS-CONF-2013-051
e} WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(x)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147

v_ =8TeV
full data

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty. 28
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2015-2017: 100 fb', ~1* 1034 cm's? (LS1)... 2=

LHC roadmap 2020-2022; 300 fbor!, ~2* 10 3 cmls (LS2) 7/ \___

2009
2010
20
2012
2013

LS1
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

2024 S8

2025
20357 .

2026-2035: 3000 fb-!, ~ 5* 10 3 cm- stk (kS3)- ”Z[\\
LHC startup, Vs 900 GeV

Vs=7+8 TeV, L~6x10“cm?s", bunch spacing 50ns Run 1
~25 fb’

Go to design energy, nominal luminosity - Phase 0

Vs=13~14 TeV, L~1x10*cm™?s", bunch spacing 25ns Run 2
~75-100 fb"
Injector + LHC Phase | upgrade to ultimate design luminosity

Vs=14 TeV, L~2x10*cm?s”, bunch spacing 25ns Run 3

HL-LHC Phase |l upgrade: Interaction Region, crab cavities?

Vs=14 TeV, L~5x10*cm?s”, luminosity levelling
~3000 fb

| Fist'LHCC Open meeting, 03.12.20 157 2" #efeh i 29



Long term prospects [anruvsrus2012.010

B ATLAS studied long term prospects for the (HL-)LHC with 300, 3000 fb"!@14 TeV

B Discovery potential up to 2.5 TeV gluinos, 1.3 TeV squarks/sbottom and 800
GeV Electroweakinos

~ o~ . ~ ~0
- 9'9 prO?u?tlonn! .g ‘% ?q‘x‘. S q §-q production, g — q 7(? (Herwig++), m_>>m,
> L . . o = L B e LA
2500 [— . . N K
2] — ATLAS Simulation Preliminary & 250 — ATLAS Simulation Preliminary Oopg = 10% {‘
T - _ S . s B o
€ - JlL d= 300’5’003 ol is=14TeV = gy C J Ldt-300,3000f0", is=14TeV . 4
I O-lepton combine B .
- O-lept bined
2000 — ATLAS 203", s =8 TeV, 95% CL 2000 — eplon comoine n p
. ’ 3 ,‘ - ATLAS 20.3 fb"‘ s =8TeV,95% CL E ~ -0
- 95% CL limit, 30003:‘ 2wy =140 | swemn 95% CL limit, 3000 o', (u) = 140 . q ‘(1
. 95% CL limit, 300 fb™, () = 60 R, 95% CL limit, 300 b, (1) =60 - --" :
L — 50 disc., aooofE", (w) =140 L s 5 disc., 3000 fb, ) = 140 -
1500 - — disc., 300 b, () = 60 1500 [— = sodisc. 300", 4= 60" S~~~ ~0
- B q X1
B C 152 p
1000 |— 1000 {— 5
C N e q
500 [— 500
L@ L.
0 0 vl b Py
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000 3500 4000
m; [GeV] m; [GeV]
. 5
Sbottom pair production, b, - b %? \s=14TeV
— — T
% " ATLAS Simulation Preliminary L o 1000 T e
— ? bk ° - . . P o 3
O, 1200 ’ 8 gooF. ATLAS Simulation Preliminary Oug=30%
S r B ATLAS 20.1 fb”, \s = 8 TeV, 95% CL G E — _  assssses Ldt=3000 fb", u=140, 95% CL exclusion
(S 1000 e 300 tb™' exclusion 95% CL 1S 800 Vs=14TeV - JL dt = 3000 f6”, =140, 56 discovery —
co 3000 b exclusion 95% CL a o 3
C — 300 b Szxgizjg\)/r;ry b 700F- 3-leptonchannel ... JL dt =300 fb”, =60, 95% CL exclusion =
800— —— 3000 fb™ 55 discovery p 600 E E R oWz R J.L dt =300 fb", =60, 50 discovery 3
L — 172 1 1 ]
-~ ,"—"\ Z) ~0 E 8 TeV, IL dt=20.3 fb“, 95% CL exclusion .
— . ' - = - -
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CMS and ATLAS studied long-term prospects for the (HL) LHC.

e with 300 and 3000 /fo at 14 TeV

e searches for gluino-mediated stop production reach beyond 2 TeV
e searches for direct stop production reach well beyond 1 TeV

CMS PAS FTR-13-014
CMS Simulation Vs =14 TeV

ATL-PHYS-PUB-2013-011

A T T T B T T I' I T T T I T T T I T T
TLAS Simulation

=300 fb" (<u>=60) 55 discovery

12300 fb™! {<u>=60) 95% CL exclusion
==3000 fb", (<u>=140) 50 discovery

*+3000 fb™' (<u>=140) 95% CL exclusion 3
ATLAS 8 TeV (1-lepton): 95% CL obs. limi
OATLAS 8 TeV (0-lepton): 95% CL obs. limi

\s=14 TeV
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Interpretation strategy

Based on the number of
observed, expected
events in all regions with
all uncertainties:
Probability density
function (PDF)

Likelihood function: L(u,0)
y: signal strength (POI);
©: nuisance parameters(NP)

Profile Likelihood: constrain
uncertainty (NP) as part of a
likelihood fit

Construct test statistics
t, based on likelihood
ratio A:

Lwb@)
Loy M=

Low)
L(0,6(0))

15-04-08

From the constructed
distribution of test statistic
for s+b, find the p-value of

the observation

= [ T,

1t ,0bs

Construct the PDF of test
statistic 1. generate toy Monte

Carlo or using asymptotic formula

Find the observed
test statistic for

tested p: T, 0bs

FCPPL 2015, Hefei, China

If CLs<0.05: the value
of signal is excluded at
95% CL.........

The above check has been
done for each signal grid
points on the SUSY model.

The line can be drawn for
the area where points are
excluded

3 - cooawWW 3, x-12
T
ATLAS Preliminary
1-|emm¢}es.E"‘

modl o o8s &

Numbars give 95% CL exchided




Simultaneous fit

 Background estimates in SRs are obtained by a simultaneous fit in each
channel based on the profile likelihood method. Three dedicated fit for
different purpose...

* Background-only fit
* Fit for all CRs, excluding SRs.
« Get background-only estimates.
* Also extrapolate to VRs (non used in fit, only for cross-check) and SRs.
* Discovery fit
* Fit for all CRs and SRs.

« Signal contamination is turned off in CRs and set as a dummy number 1 in SR (so, the fitted
non-SM signal strength = the excess in Nevents of SR)

* Get model-independent upper limit on signal in SR.

* Exclusion fit
* Fit for all CRs and SRs.
* Signal is turned on in all regions, according to model-dependent prediction.
* 6ot signal model-dependent exclusion from all CRs+SRs >final exclusion contours for SUSY
model
* The basic strategy is to share background information in all regions
(CR,SR,VR). The background parameters are predominantly constrained by

CRs with large statistics, which in turn reduces the impact of uncerts ig
ssﬁ4-08 FCPPL 2015, Hefei, China 3




Hadronic Taus

® Tau decays:
O Leptonic (35%): 7 — v, Livg
O Hadronic (65%): decay to one or three
charged pions, neutrinos and 7%'s

® Need to separate 7's from hadronic jets:

O 7 decay tends to be well collimated

O Large electromagnetic component from

3 1400 - 0 — ~~ decay

> * Data2011(1.37 16") ]

1 = Py T
E B e (W—=ev) )

1000 " Jetbackground > pr > 20 GeV, |n| < 2.5

ATLAS Presminary > 1 or 3 tracks with total charge +1

> Boosted decision tree (BDT) using variables sensitive
to the longitudinal and transverse shower shape

Before tau ID

lllllllllllllll

> Working points:

O Loose: efficiency: 60%; jet rejection: 20-50
O Tight: efficiency: 30-50%; jet rejection: 30—200

FCPPL 2015, Hefei, China
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