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SUSY Introduction

O Last possible extension of Poincare group:
Fermion <-> Bosons

O Conserved R parity (originally introduced for —
stability of proton) R = (_1)3(B-D)+28 4 "

- SUSY particles produced/annihilated in pairs
— Lightest SUSY particle (LSP) stable (DM candidate)
— Typical signature: jets/leptons/photons + MET

Standard particles SUSY particles
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SUSY Searches @ LHC

Strong production: gluino pair,
gluino-squark and squark pair (include
3rd generation) production
1) Generic signatures :

Multi -jets + n_lepton/n_photon(n=0,1,
>2) + large E;™ss(0L,1 L, >=2L)
2) large xs, but heavy SUSY mass scale

o, [pb]: pp — SUSY :
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Weak production: direct 4 N )
gaugino/slepton production '
1) Generic signatures: 100N INC L TN
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Strong production: gluino pair,
gluino-squark and squark pair (include
3rd generation) production
1) Generic signatures :

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

IHEP: 1 soft lepton + jets + MET

CPPM: 2 SS / 3 leptons channel

Weak production: direct

gaugino/slepton production

1) Generic signatures:

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

IHEP: >=2tau + MET

CPPM: 2L (e/mu) + MET
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SUSY Search Strategy

O SUSY search strategy: search for
deviation from SM suUsY
—> rely on the SM understanding and
detector understanding
—> Try to establish excess of events in
some sensitive kinematic distribution

au.

miss
E T

O SM bkgs (top, multijets, V, VV, VVV, Higgs)

SM “backgrounds”- the big picture
- SM bgs understood very well 9 2.h .

— No hints for new physics. SRt  ATLAS Proliminary
- Slightly overshoot in WW cross section| = | r()
but not significant. i oo
100 mm Theory
- m - E 81b! o Data(L=58-201"
O SUSY sensitive variables: b e o
- Missina transverse energy: E;mss & e L

H i Jet ; 401" 21" 4?151_._
N T zp rt Ep T C :

- Effective mass: Meff (= H; + E;™Miss)
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SM backgrounds Estimation strategy

s/ - //|'
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B Reducible BGs (e.x. fake BGs): data-driven estimation

B Irreducible BGs: if dominant: data-driven estimation, else, MC

Combined fit of
all regions and
backgrounds and
incl. systematic
exp. and theor.
uncertainties as
nuisance
parameters

Standard Model

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

Reducible backgrounds Irreducible backgrounds

Determined from data Dominant sources: normalise
Backgrounds and methods MC in data control regions
depend on analyses Subdominant sources: MC

Validation

Validation regions used to
cross check SM predictions
with data

blinded

Signal regions

blinded




SUSY Models

O Simplified Models:

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

O Phenomenological MSSM:
B 19 free parameters
v M1,M2,M3
v tan B, pand m,
v' 10 sfermion mass parameters
v A, A,and A,
B pMSSM captures “most” of phenomenologic features of R-parity
conserving MSSM
B Comprehensive and computationally realistic approximation of the MSSM
with neutralino LSP
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Since 2010, ATLAS&CMS have invested huge efforts
in SUSY search @LHC : Great Luminosity recorded

w
[6)]

ATLAS Online Luminosity

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

~ 20 fb18 TeV data
~ 5fb17TeV data
~ 35 pb! 7TeV data
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IHEP / CPPM SUSY Search Activities =+ _

c\\l
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B Inclusive SUSY search for
squark, gluino
# with one soft lepton (IHEP)
- ATLAS-CONF-2013-062

# with 2 SS/3 leptons (CPPM)
— ATLAS-CONF-2013-007, ATLAS-
CONF-2012-105

B EW SUSY search for gauginos,

T I T T ] U T T l T T T T T | ] T T T l T T T l T T T
O, [pbl: pp — SUSY ]

VS=8TeV _|
Strong .
production 4
Strong (1+2 gen. squarks,
roduct1on and gluinos) E
1°n (3¢ gen. squarks) ‘ ]

10

sleptons with at least two ™
leptons

10 | Ll | Illl
200 400 600 800 1000 1200 1400 1600

# 2 2tau (IHEP) -
— ATLAS-CONF-2013-028
#  ==2 e/mu (CPPM)
— ATLAS-CONF-2013-049, arXiv:
wes  1403,5294 (submitted to JHEPR)
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IHEP / CPPM SUSY Search Activities 1 _

) \J..

/l' Inclusive SUSY search for \
squark, gluino
# with one soft lepton (IHE

— ATLAS-CONF-2013-062 \H\

# with 2 SS/3 leptons (CPPM)
— ATLAS-CONF-2013-007, ATLAS-

_ CONF-2012-105 )

™N\T l LI I 1T I T T l L I LI E
O, [pb): pp — SUSY

VS=8TeV _

Strong

production
(1+2 gen. squarks,
“\_| and gluinos)

average
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Inclusive SUSY search for squark, gluino

A EAS-GE L e g

m Motivation:

Ry
/),

A

S

- SUSY strong production search has large cross section.

- 1l trigger can suppress QCD BG. If lepton is soft, it is very sensitive for

compressed SUSY scenario (interesting for light SUSY, Higgsino
LSP...) (IHEP)

- 2 Same Sign or 3 leptons channel with very small BG, high sensitivity
for new physics (CPPM)

B |[HEP (2 SUSY approval talks for CONF note and paper):

— One CONF NOTE published in 2013: ATLAS-CONF-2013-062
- Paper draft ATL-COM-PHYS-2013-1307 in ATLAS Collaboration for approval

B CPPM (CONF note and paper editor, 2 SUSY approval talks):

— Two CONF NOTEs published in 2013/2012: ATLAS-CONF-2013-007(editor),
ATLAS-CONF-2012-105

Paper draft will be approved and put to arxiv today
7th France China Particle Physics Laboratory (FCPPL) Workshop 11
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Signal Region Definition: soft lepton

Signature Final states Target physics/process Three analyses:
implified Models

gg — ggggW Wy &,

Inclusive ISR | soft-lepton + EMiss 4 jets 4 -0~0 66/55 Jsrep gr/d
L, Py

qq — ggW W"¢

ISR + bjet | soft-lepton + EX"* 4 at least one b-jet -0-0 o | with h/ggsmo LSP
| P T |

2-bjet I soft-lepton + £ ¢ two b-jels if = bbW*W*y \l

IHEP contribution: main SR (inclusive ISR)
definition/optimization, trigger for all SR, BG
estimation with simultaneous fit and interpretation
for all SRs (dominant contribution from IHEP)

SqSQ-qqWWN1NT 40g0-GqqqWWN1NT
soft single-lepton soft single-lepton one b-jet | soft single-lepton two b-jets
3jet | 5-jet low-mass | high-mass | low-mass |  high-mass

N - T (ol N 1 (electron or muon) |

¢ (electron or muon) pL(GeV) [10,25] (electron) , [6,25] (muon) -
P (GeV) [10,25] (electron) , [6,25] (muon) T (G <7 (electron), < 6 (muon) P P
prdd- ¢ (GeV) | <7 (electron), < 6 (muon) N >3 >2 S
my, (GeV) - | — pr%(GeV) > 180,40,40 | > 180,25,25 > 60,60 » ' . :b W
Njet [3,4] | >5 Pr add- 15(GeV) - <50 stst-DbWWN1N1
p,l_lcadlng *(GeV) =~ 180 Np_tag > 1, but not the leading jet 2 |
prouPeadng €S GeV) > 25 ET™ (GeV) >250 | >300 >200 | >300

— _ mr (GeV) > 100 -

Nb—tag Elnss /mmcl > 035 —
ETSS (GeV) >400 >300 -

T ARmm(Jet 3) > 1.0 N
mr (GeV) > 100 Admin — > 04
Emlss mg;;:l =03 mer (GeV) — >150 >200
AR‘MHM@ 9] 7i& Fthde China Particle Physics Labo vHECREEY Worl




Background Estimation Strategy

W/Z/ttbar background (dominant)
Semi-data driven approach
Normalize MC to Data in W/T-CR

Extrapolate to SR using MC:
assuming shape is described

correctly

Extrapolation done in simultaneous

fit.

QCD background (small bg)
Fullly-data driven approach

Measure real and fake
efficiencies in QCD-CRs

Apply Matrix Method to get
contribution in SR

Npass:

Naii :

QCcbBgG= — .
1/€ake — 1/€real

Events passing the signal selection
cuts (tight)

Events satisfying relaxed lepton
isolation criteria but not passing the
signal selection cuts
(loose-but-not-tight)

Ntil

L el

SIGNAL
REGION

CR;

data N

(N
CR;

(Ndata -

N

1/€real — 1

1/€take — 1/ €real

€real-

CR; )
other bkg

Npred (MO, SR)
Npred(MCI, CR;)

CR; i
i
other bkg) * CICR,--)SR

- Npass

Probability 1 {5sha LICLEY ) vent
passes alsc i

Probability liat a wuse wuw svein
passes also the tight selection cuts




Results in soft lepton

ATLAS-CONF-2013-062

— T[T [T IO IO [ IO T[T T[T R R
. ie:(’“ single-lepton S-ie . ATLAS Preiminary "2 E (é ol ATLAS Preiminary >~ D@8 h
= o i - - ] =a| - - ]

Dbserved events 7 9 30 |- I dt=20.11b , ys=8 TeV - i ;| S b j- Ldt=20.11b , Vs=8 TeV -i ]
= Single Top . 8 Y Single Top 4
[=
itted background events 56+1.6 14.8 £3.7 - =Z“"’ ] o ﬂ -z”"’ 1
I ORosens ] W 20
?llcd Il'cv.cnls 1.3+1.0 78+33 20 1|+3 g o (625,545,465) GV | i 1|+51et:(m,“,w
itted W+jets events 26+0.7 2.1+09 ¥ j on + 3jet ] 3 soft 1-lepton + S-jet ]
itted diboson events 0.6+0.4 0.7+0.4 sinalregen E s , e -
itted misidentified lepton events 0. ()()*8:;‘) 33+ 1.4 o h 104 _
itted other background events 1.1 +£0.5 09+0.5 1 - % ]
C expected SM events 6319 159+3.8 ] R I = = |
: 0 T T 0
C expected 17 events 1.4+ 1.1 7.8 +3.0 300 350 400 450 500 550 600 650 700 200 250 300 350 400 450 500 550
C expected W+jets events 3.1+09 32+09 Er = [GeV] Er—[GeV]
chpcclcd‘di-hoso.n.cvcnls 0.6+0.4 0.7+0.4 >20_IIII|\II\|III\|IIIJ|IIII|IIII|\II\|III\_ >40_HII|I\II‘I\II‘IIII|IIII|HII|I\II‘IIII_
lata-driven misidentified lepton events 0.00*505 3314 8 [ ATLAS Preliminary —— P01 ] & [ ATLAS Preliminary —*— a1 ]
C expected other background events 1.1 £0.6 09+04 S r misid lepton 1 S r misid lepton 1
= e L : I Weets i (= - w.;eu i
T sl Ldt=2o.11l5:i% ﬂ | sl Ldt = 20.1 fb", V5=8 TeV
2 r [ Singe Top g 2t 1 I + 1 m Single Top R
q), - W Zkets g g, - Zujets -
: : @ Low Mass.... | < | [y
Da?a CO"S'STen'r W|th SM ----- mpuso’.':w.m)cev_ 20~ ngh Mmc)eev_
i Soft 1-lepton + 1 bjet low-mass | Soft 1-lepton + 1 bet high-mass |
r signal region ] signal region ]
e pec*a.rlon sy i ] 10 B
soft single-lepton one b-jet soft single-lepton two b-jet 1
low-mass high-mass low-mass high-mass 1
Observed 8 6 24 3 it 2  ElEEE
150 200 250 300 350 400 450 500 550 20 250 300 35 400 450 500550 600

Fitted background 6.1+ 14 40+ 1.1 24.1+4.1 3.6+ 14 EF** [GeV] E7™ [GeV]

Fitted #7 events 40x1.1 23+0.7 94 +45 1.6+ 1.0 >8°I\I‘I|I|III||II|I\I|II\|III‘III|\II|I\I >1°||I\|JII\|\II\|\III|\III|IIII|IIII‘IIII

Fitted single-top events 0.8 +0.6 03+02 15+£08 0.3%03 N ATLAS Preliminary —*— 0% (2012 ] s ATLAS Preliminary —>— D@12 ]

Fitted W-jets events 0.6+0.2 0.5+0.3 8.8+3.1 1.1£05 s | } —e ] P } - |

Fitted misidentified lepton events 0.4%02 0.4%02 25+19 0.00#503 = 60 J-Ld‘= 201107, {58 TeV « . 2 _[Ld‘ =20.11b", 5-8 TeV I

Fitted other background events 04+0.2 04+0.2 1.9+0.9 0.6 + 0 4 s t [ single Top E ‘UE’ r [ Single Top b

= g W Zkets i g W Ziets

MC expected SM events T1+1.7 48+1.3 247+5.0 39+1.6 & - e oion o[ 1 I+2b — s uion |

o 114D o — 50 s y —

MC expected 17 events 48+13 2909 8.4+20 1.5£038 1 |+2 b ot 1 .;.Z:ﬁf;‘ v H i h M a S ot i 2 et

MC expexted single-top events 0.8+0.6 03+0.2 1.5+0.8 0.3%04 jor g signal region 1

MC expected W+jets events 0.8+0.3 0.7+04 104+34 1606 T RLWUW IVIAODYD | 7 [ s H 8

Data-driven misidentified lepton events 0.4%03 0.4%03 25+19 0.00%503 o i

MC expected other background events 04+0.2 04+ 0 2 20+0.9 0.6+04
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Exclusion Limit for soft lepton: Simplified model with 1st,2"d gen squark and gluino productio

55..3cmW\W1 X~ 12 DQ—‘WW’?‘ .M, =60 GeV

;1000 T™TT IR R N B B B P B A B A P [~ T T ST ' g _062
3 ATLAS Preliminary - I o B T g X 4L atias PrehmmanP\TLAb =N FxZ 03
~ - %00 T-lepion 4 jets + En- - P _; g é” - hard 1-lepton 4+ jets + ET & Obsorvod fmt (+1527) 7] E
t I. 1 l Lat-20. 3.‘ {;QTeV (" ’ : %g:f::m'l‘:;?bcbn:‘ —E g _- ]'2 - l Lat-20. 3.‘ I;-ETEV === Expoctod imt |'»1c.c} —_ g
neu ra InO = .‘ =y ’4:7 . EM|@<EM1MW:nI = g - : All lmies at 95% CL : g
v "o i - o = ; £ T T T ‘;. = ;
=R ‘e . © “ [ e ok
o E ~ N % . 7
s0e EE E osf " - & s -
500 =k : E T + 1%
o o * o6 = « i
400 L — tar =
R £ : —1%
s - - - =
200 = E 04— - tae — =
7 E C ® 1z
200 % 4 C , =
- g E 02— ~ 2 - — €
100 - L = - :‘ . ; . 1=
= b= L . 1 pm, 8, 7]
400 00 800 1000 1200 ="
gluino gluino
dq- :mvwn x=112 X :;.._.:qun m, - 60 GeV
;1000 T T T T T T T T T T T T T T T IIIlIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII_
8 ATLAS Preliminary DS Bomo I g g 14| ATLAS Preliminary PROSE (1 0o202 |
tlepton + Jets + ET » ?t#'m?m.wwm, E é’ [ herd 1-epton + jets + ET Obsorvod fme (£162%) 7] E
. ' P tod imit (hard lapton) > ‘ i
neutralinol E |ia-zas. Fere 68+ " haseved it (it plon) — & - 12~ |Lat-2aw", e Tev == Epocadimticiog o &
00 S Obsorvad fmit (10200 ooy Expectod fmit (softlopton) 3 2 - O Alllimes ot 95% CL q:
7 c S =~ | 4 (1 e
==~ Expoctod imit (10, . s E 1 —— - f - e . : i
600 ) o £ T - i - 032 12
Al mits a2 95% CL . ox 3 E osf— = -— - as..x . E
E C J 1
g < oeF 1
H 0.4 . =
0 = ~ = -1 S
; H =A— 1
5 = Qi e = E
oo % = 0.2 - i = - -z
% 1% tm i -~ 3 ' : _~ -
e o i S O SR S ST S P i
1000 300 400 500 600 700 800 900 1000

squark squark

«  m_neutralino- m_gluino/squark mass plane
—  6luino limits

+ Soft lepton analysis: powerful along the diagonal (the | m_gluino/ squar'k -Xx plane

mass of sparticle and lightest neutralino are almost B ) N
degenerate) The limit on gluino mass reaches up to o x = (C1-N1)/(6-N1) : N1=606eV

700GeV for all lightest neutralino mass, where mass o 6Gluino mass to ~1.2TeV

difference is >256GeV.
« Hard lepton analysis: exclude gluino up to 1.18TeV. o Squark mass to ~7506eV

14-4- SSquar'k limits (weaker due to lower Crossﬁﬁ'ﬂgﬂge China Particle Physics Laboratory (FCPPL) Workshop 15
« Extends limit on squark mass to ~700GeV.



SUSY Models and SR : ss 21
AT\ AS CONE 2012 007

Natural SUSY, light Gauginos cascades Light sleptons Majorana gluinos
3 gen. squarks — tops a9 W a v/l
' v/ i: z tv
S B -y i/ g
W bt 4o
o z P v
a W 4 v
Signal regions definition
— few SRs, but sensitive to many models
- t — great discovery potential
Signal region Np_js  Signal cuts (discovery case) Signal cuts (exclusion case)
SROb 0 Njeis 2 3, E’T"iss> 150 GeV Njers 2 3, E?i“"> 150 GeV, mr> 100 GeV,
my> 100 GeV, m.4>400 GeV  binned shape fit in m g for meg >300 GeV
SR1b 21 Njets 23, E$i55> 150 GeV Njets 2 3, E.’Pi“> 150 GeV, mp>100 GeV,
m1>100 GeV, m4>700 GeV  binned shape fit in m.g for m.5>300 GeV
SR3b >3 Njess 2 4 Niess 2 5,
- ET5< 150 GeV or mp< 100 GeV

14-4-8
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RQS“'ts s ss 2‘ ATLAS-CONF-2013-007

-—
B) Exclusion case SROb SR1b SR3b

Observed events 5 11 1
Expected background events 75+32 10.1£39 18+13
Expected 17 + V events 05204 34+15 06+04
Expected diboson events 34+ 1.1 14207 < 0.1
Expected fake lepton events 34129 44+3.1 1.0+ 1.1
Expected charge mis-measurement events 02+0.1 08+03 0.1+0.1
Po 0.5 0.39 0.5

0 CPPM contributed a lot in
the whole analysis:

i °F wasramnay | dmme 1 3 o wmasrammey e 3 B SR definition
7 . ES95M T ) o o E .
§ F formwboow 8L § | Jamrwifesw §g.;;m 3 M Background estimates
8 Fa:v wyeoes @ Fa-: wers .
i R I G Bt —rare SM processes

— detector-like: lepton
fakes and/or charge flip...

B interpretations

lllllllllllllllllllllllllll

N \\\\\\ \\“- nd combined paper
1400 4(:.0 6(;0 eoo 1000 12(1) 14C0
m,y [GeV] m,, [GeV)

Figure 6: Effective mass distributions in the signal regions SROb (left) and SR1b (right) using the exclu- pp) workshop 17
, sion case event sample. The last bin includes overflows. e



99 producsion, §— . mit) >> m(g)
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1zoo~ ATLAS Prelumlnary
8 LAR=207®" 15=8 TeV
1(!!):- 2 same-charge leplons + jets
== Observed imt (100
=== Expecied imit (21c,)

L0 20 20 20 S0 20 20 20 20 S 20 20 2 §

— All limits are using a fit based on likelihood method,
and corresponds to 95% CL using the CL_ calculation.

m'. (GeV)

s a1

|

-l

— Simultaneous fit to all three signal regions

1

m'_ —— Odeptons, > 3 byets, 1287, ys=8TeV -

r 2. SameSgndeptons, > 4 jets, 58" ys=8TeV 4

— No deviation from the Standard Model is observed. [ = 3depions, 4 jets, 13.0M" ys=8TeV ]
600 M EsC -

29 decays via sleptons, gg—aqqqqll(lln x *mutmoo 400 — -

s 1200 - -+ rrop vyt L y
S 10 ATLAS Preliminary ok ]
e ILGO?OHb (4%8 ToV I )

1000 - 2 same-charge leptons + jots

o

S00 600 700 800 900 1000 1100 1200 1300
m. [GeV]

Gluino-stop (t %,")

sens Expected it (£ 1a,,)

w— 1dapton, jets. 4 T V5=TTeV
AJ Wt ot 59% CL

=

N\m‘ eﬁéﬁ%di-m. : moo-l. . wnmm

E 888388 %

=

Gluino-squark (via slepton) °
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m, [GeV)

Exclusions : Ss 2i

q v/t
l/v
P
/ l/ll< \l
. l V< \
o (/v
q £/v

Gq decays via sleplons, g q —» Qqqii(iyy; x; + neutrinos

g

'S
&
| ] A AAARE RAARE RARAS

LAAN AAAAS RARASE RARAS AARS

’

LR AL LA BLAL AL LS (A0

ATLAS Preliminary

Lt=207®". 15=8 TeV

2 same-charge leptons + jets
—— Oserved it (10, )
s==- Expected it (210, )
Allents 2 58 CL

400 500 €00 700 800 900
m; [GeV]

Direct squark (via slepton)

LA SLALALALEN SLALAL ALY SLAL ALY

] sadaaaaliiaalaaas

AT INENE T T FRRTAATY

Numbers give 95% CL excluded model cross sections (]

"

AA

1000

m, [GeV]

b-bpfodudnon b—otl m(l )'NGOV

T T

~ ATLAS Prelummary
ILG 2070 1528 TeV

| 2 same-charge leptons + jets

immdlm\d(ﬂn:::)

s=== Expected limit (+10__)

Jdeptons, 2 4 jets, 1300 " 15=8TeV
Al Wit ot 95% CL

350 400
Direct-shottom (t 1)
p ~
b _ e ’
o \ 1
\‘\ - \ |¥
P

t

450 500 S50 600

A
Numbers give 95% CL exchuded moded cross sections [fb)

lG°V1

650 3

o

£

i~

-

Gluino-stop (bs) RPVY

9q.~mumxm 9*"!(RW}-bs
vvvvvv | RAAAE RALL S RAALE A 'l"'[

2 ATLAS Preuminary i 3
jld «207®" 0 Tev :

E 2 5ame-chanpe leplons « ;ﬂ

mL —MN(H:\__J
b s Especiedont (t10,)

L ams

auo

T e H 1
40 - H -
|

SR3b

aaliss i
Nurters gwe 3% CL exciuded model croes sector Y

. :
B0 60 100 750 800 850 0 M?G.!EIMJ
m [CeV

Towards Run Il — improve object definition, bkg estimates, new signal/

control regions — hoee to Erévfdaecguriekfmmmtw‘itw&m&?) datacr Y
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IHEP / CPPM SUSY Search Activities

LI | I 1T I T T l T T T I T T
O, [pb): pp — SUSY ]

VS=8TeV _|

Strong
production

M EW SUSY search for gauginos)

sleptons with at least two — w :
leptons e e
# = 2tau (IHEP) _ " o
—  ATLAS-CONF-2013-028 Naming cgnventlons:
# ==2 e/mu (CPPM) o1: chargino
- ATLAS-CONF-2013-049, arXiv: N: neutralino 1
\ 1403.5294 (submitted to JHEP N2: neutralino 2
. 20
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ElectroWeak SUSY Search

(direct chargino/neutralino and slelpton production)

— Search strategy depends on slepton mass and gauge mixture
- Final state: 2/3/4 leptons + MET (I=e,mu,tau)

@ Largest cross
section for wino-

g @ Large
g ,, cross section
for slepton-left

=

like C/Ns. Smaller Ty o

if higgsino [z , -2+ MET
>2tau + MET FS if ; S, (=elu)
light sleptons V/éy

@ If sleptons , @ Plausible
heavy, reduced ) possibility for
BR to leptons I L ., 0 light stau if
(WZ+MET) >; other
Equivalent P ! sleptons are
picture for C1C1 p i heavy
production l - 21+ MET
(WYX;:;MET) article Physics Laboratory (FCPPL) Workshop (I = e/“/T)
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EW SUSY search with at least two leptons
B [nteresting search in LHC:
— If the gluinos and squarks are sufficiently heavy, the direct production of

charginos/neutralinos/sleptons may be the dominant means of SUSY
particles production at LHC.

— Naturalness arguments indicate that third-generation sparticles/
charginos/neutralinos should have mass of a few hundred GeV.

B First gaugino and stau search from two hadronically decaying taus in
LHC (IHEP)

B |[HEP (CONF note and paper convener, editor, 3-4 SUSY and ATLAS
approval talks ):
— Published one CONF note in 2013: ATLAS-CONF-2013-028
— Paper draft (ATL-COM-PHYS-2013-1307 ) in ATLAS Collaboration for
approval..
B CPPM (CONF note editor, SUSY approval talk)
— Published one CONF note in 2013: ATLAS-CONF-2013-049
w2 sPaper submitted to JHEP:,@EXIN:A403.5294 < 1 -voratory (FeppL) workshop 22
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Signal Regions: 2tau + MET

Two SR defined: Signal region requirements
. Main diﬁerence: OS mr2 at le:lSt. ]tOSt tau pail'
_ _ jet veto
- Jet veto (bjet, forward, central jet Z-veto
veto) (suppress top) Er™> 40 GeV
. mr2> 90 GeV
B Bjet vet_o Only (suppre_ss top, _ OS mpy-nobjet | at least 1 OS tau pair
cover signal events with ISR jet) b-jet veto
Z-veto
® Common EIisss. 40 GeV

— Z-veto: suppress Z+jets BGs mr2> 100 GeV
- MET>40: suppress QCD/Z

B “stransverse mass” mT2: a
kinematic variable to discriminate
events where two particles decay into m,, stransverse mass

. . . . . . kinematic endpoint ~ mass of decaying particle
one visible and one invisible particle

mry = n(:iTn Imax (‘mT( Py qr).mr(py. pp - qT))I
- Optimized for each SR.
- Large mT2 cut: enhance SUSY

14-4-8 SenS|t|V|ty 7th France China Particld Physics Laboratory (FCPPL) Workshop 23

Table 1: Definition of the signal regions.

where  mrt(pr.q1) = V2(PTYT — PT - qT)




Results: 2t T
e 2T <
esults: 2tau NS
~
B IHEP contribution(leading role): all SM process SROSmr2 | SR OS mr -nobjet
P . . top 0.2+05=+0.1 1.6 08 +1.2
SR defln!tlon, all BG estln.1at|on Z+jets 028+026+023| 04+03=03
except diboson, all VRs, final results diboson 22+05+05 25+05+09
and interpretations_ multi-jet & W+jets | 84+26+14 12+3+3
: i —_SMoml | 11022715 7 =3 53—
B analysis convener, contact editor, ST g I ——
: e e e e - | SUSY Ref. point 1 6.8+ 1.0 92+12
3 <)t Toal &qorp AFASPrEIM | SUSY Ref. point 2 7.5+07 8.9+07
(=} ulti-j2t Wa jets o E
= =l Z0°p =5 Diboson )
5 Bleoe 4§ 10f — B Dominant BG:
@ SR @ e SUSY Ref. Point 1 @ - SR @ e SUSY Ref. Point 1
10° — ==+ SUSY Ref. Point 2 e 103§ =+ SUSY Ref. Point 2 fake tau from QCD
10 ILdl~20.7lb" = 102k del~20.7tb" +W (ABCD method)
10 OS my, . 10 0OS m,,-nobjet
1 : B Others: MC
; 10° A g i 1 simulation
Z 102 H
Yy z - 2
///%// i ,/,/,//, i /%% Benchmark points
“igo ""z‘o % // ’

200

-SUSY Point Ref.1
(a) SR OS-m (b) SR OS-mrp2-nobjet (C1=250;N1=100)

Figure 5: myy distribution for (a) SR OS-mp; and (b) SR OS-mp;-nobjet. The stacked histograms ~SUSY Point Ref.2
show the expected backgrounds. The white histogram represents the multi-jet and W+jets contribution (C1=150;N1=50)
obtained from data using the ABCD method. The SM backgrounds are normalized to 20.7 fb~!. The

24
lower plots show the distributions of data over SM backgroud ratio.



Exclusion Limits: 2tau +

;400 ---------------- I--”I”-.!q---ul--n_ ;300_ T L B e e e .|
3 ATLAS Prellmmary = 3 - ATLAS Preliminary

£ - = = ]
2 2B+ o o st — 1 & om0 amen s axe] JL:“’:"':? .
H'- . 0.7 o ﬂ"‘. eV -
- v [ Mm-S == Otmervedimmit (+1027) ]
00 . B ezt -
150 - ..." . ~--¢-e~;x. .
2 Chargino-Chargino 7
100 = =

50—

qoo 150 200 250 300 350 400 450 500 qDO

Mz, GV

(a)

simplified model ®

Figure 6: 95% CL exclusion limits for Simplified Models with (a) chargino-neutralino and (b) chargino-
chargino production. The SR with the best expected limit at each point is used. The dashed lines show

MET

C1N2 production: C1/N2
mass up to 330(300)
GeV excluded for N1
mass below 50(100) GeV

Wino-like Chargino
production : C1 mass up
to 350 GeV excluded for

a massless lightest N1

M;=50 GeV, tan p=50, 2 taus

= 500 - I

o Most pMSSM parameter space excluded =40

400

o The region at low M2 can not be excluded since 350 ]
it corresponds to points in the parameter space 00 Azmbirj.m.nw
where the chargino and neutralino are lighter =} Lot ey
than the stau. Vs _‘Sf;’i;?ﬂ.;“?(‘ia ]E
150 M Alllimins a1 98% GL _;
o The region at large M2 and mu corresponds to 10(;00"%56"586"%6";(;6";;6'-550
1[GeV]

direct stau production.
14-4-8
e
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CPPM contrlbulgl

ignal Regions: 2| (e¢/mu) + MET

Three SRs defined:

he crltLJa n (MM
e§s I ave pr

two lcad.mg central light je v S
90 150 .
m SRMT2: mT2(90-150) %&%%%%%%@
- C1C1, ~~I" o ol Temmriml 0 0 o o o o | %
S P>1Y~ ; Imee —fo;“;r;;{ae\tf]s >010 >00 >00 >010 >010 >010 <010
B SR-W WW(a c) "\ s Tl I N
C1C1DWWD2+MET/ *C o] 0 s s | = sw swo| —

ARy

B SR-Zjets:
- CIN2 D2WZ 2 21+ ME

CR SR | mr;and WWh/c WWa Zjets
CR| WWwW Top ZV WWwW Top ZV Top
. . . . lepton flavour DF DF SF DF DF SF SF
BG estlmatlon . (Seml-data- central light jets 0 0 0 0 0 0 >2
drlven CR_>SR) central b-jets 0 >1 0 0 >1 0 >1
) forward jets 0 0 0 0 0 0 0
B SR-mT2 and SR-WW: ma-mz|[GeV] | — — <10| — — <10| >10
. .‘m.gg [GeV] — — — <120 <120 — —
Dominant: WW, top, ZV Bl Gey] | — — — |[60,80) >80 >80| >80
. . pr.ee [GeV] - — — >40 >80 >80
B SR-Zjets: mra [GeV] | 50,90 >70 >90 | — @ —  —
Dominant: ZV, Z+jets ARy
14-4-8 7th France China Particlf Physics Laboratory (FCPPL) Workshop




;/}:/\g
® T
Results: 21 (e/mu) + MET 4o
Z
SR-m$, SR-m1% SR-m13Y T —
SF DF SF DF SF DF (c) & [ oow D ensencesens aus
Expected background 2 100 Emw  EBog o
WWwW 221+43 162+32| 3.5£x13 33x12 | 1.0x05 09x0.5 £ .
o
VAS 129+22 08=x02| 49%x16 02=x01 | 22%0.5 <0.1 &
Top 30+18 55+1.9| 0304 <01 <0.1 <0.1
Others 03+03 08+06| 01797 o01x01 | 01797 0.0%0:5
Total 382+51 233+x3.7| 89%x21 36=x12 | 3.2x07 1.0x0.5
Observed events 33 21 5 5 3 2
Predicted signal
(milz ,mi?) =(350,0) | 24.2+25 19.1+21 | 181+18 14.7+1.7 120+13 10.1+1.3 §
(mz, myge) = (251,10) | 24.0£2.7 — 19.1+£25 — 143 £ 1.7 — 8o
Do 0.50 0.50 0.50 0.27 0.50 0.21 %20 20 60 80 100 120 140 160
Observed 022, [fb] 0.63 0.55 0.26 0.36 0.24 0.26 B [GeV]
Expected o2, [fb] 0.78+032  0.6292¢ | 0377517 0301503 | 02400 0.19%)20 '
(C) g Arusf BTeV wan’
SF channel DF channel =] ® Daa [ Nen-prompt iopeons
% 10° gt TTTTT T lr T T ™ % 10° T TrTT lr T T hay gf“:ts (:"’U'e(ﬂ
@) 8 sty 4 08 S Fia i 2 Do - = @08 o
. 3 Zemts Cln hay D zems Clroags g
] 10* E,,“:’,v,, @ e U"*uwu Gov 2 10° :ﬂ“ ﬁ-u m"l.mmcuv w
§ coen AEm ) = (261,10) GeV §
w 1 2
-mT2|
i 1 T T e e
107
2 z .2 - 7
Z 5.2 = » s Sleswmitill % ;/
§ § Lfeeveepees ////;///Z? 8 osp 7T /M////
: : 0 20 40 60 80 100 120 140 160 180 200
00 20 40 60 80 100 120 140 160 180 200 O0 20 40 60 80 100 120 140 160 180 200 Em&ss.rei [GeV]
m;; [GeV] m; [GeV] !
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400 r——G1

> | b 1 \S fepton=m g ]
5] L AT AS .......... Observed limit (+1 0, E
-—?- 850 . o e Expected limit (+1 Gexp) -
P - [Ldt=2031% \s=8Tev — ATLAS 4.7 167,15 =7 TeV ]
C %%, -2 x WE) -2 xhi M LEP2F x (108. 5 GeV) 1

300 Em= (m +m, )/2 All limits at 95% CL .
250 =

E Gl // E

200 -

- & ]

150 - =
100 [ -

50 =

o b e e e b R

200

CMS (mN1=0) ~ 550 GeV (*)

300

400

500 600
m. [GeV]

(*) problem found with WW madgraph sample
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Run |l preparation for 13-14 TeV data

Prepare run-ll for SUSY strong production for above 2 topics
(one soft lepton, SS 2L) — ready before data-taking start-up

EWK SUSY search (2L, 2tau)

— Summary/legacy paper: end of summer (2L, 3L, 4L, 2tau
combination)

* Ditau: \ “ ‘]H/ |

— Decay via Wh (2jet + 2tau) ! : T

— MVA for Dstau P T 4
/R

— compressed scenario (SS, ISR jet ...)

* 2L (e/mu) : compressed scenario
— Run Il preparation

Already start CIN1,N1N2.... Sensitivity check for 13-14 TeV
among CPPM and IHEP from last October

More cooperation in the near future in inclusive SUSY search
with 13-14 TeV

14-4-8 . . . 29
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Summarz

Big contributions on SUSY search from CPPM and IHEP (Run |)

v' 4 analysis (very wide coverage on SUSY search)
* Inclusive SUSY search with one soft lepton (IHEP:2 approval talks)

* Inclusive SUSY search with SS 2L (CPPM: conf note /paper editor, 2
approval talks) -leading role

« EWK SUSY search with at least two taus (IHEP: convener, conf note /
paper editor, 3-4 approval talks) - leading role

« EWK SUSY search with 2L (emu) (CPPM: conf note editor, approval talk)
v" 5 CONF notes published, 1 paper submitted, 3 papers in approval
v" One analysis convener, 3 CONF note and 2 paper editor, 8-9 approval talks
High energy running in 2015 will significantly increase our sensitivity
to many SUSY scenarios

More cooperation between CPPM and IHEP in the future

Looking forward to the next exciting years !

14-4-8 30




Summorx

Big contributions on SUSY search from CPPM and IHEP (Run |)

v' 4 analysis (very wide coverage on SUSY search)
* Inclusive SUSY search with one soft lepton (IHEP:2 approval talks)
* Inclusive SUSY search with SS 2L (CPPM: conf note /pa itor, 2

vV ks) = | ing r
E at le t°uEP: onve note /

paper editor, 3-4 approval talks) - leading role
« EWK SUSY search with 2L (emu) (CPPM: conf note editor, approval talk)
v" 5 CONF notes published, 1 paper submitted, 3 papers in approval

v" One analysis convener, 3 CONF note and 2 paper editor, 8-9 approval talks
High energy running in 2015 will significantly increase our sensitivity
to many SUSY scenarios

More cooperation between CPPM and IHEP in the future

Looking forward to the next exciting years !
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Direct chargino pair production in 2 lepton + MET (1)
- Hypothesis :

- X1 NLSP Wino-like, decaying in on-shell W and in x,° LSP Bino-like

- M( x,*") between 100 and 300 GeV, M( X,%) < M(X,*")-M (W)

-
- Motivations :

=> Simple pair production with only 2
i new particles

=> Weak limits on charginos by LEP :
m(x,*)>103 GeV

=> No search in CMS

=> “The considerable hole in
current searches at the LHC is
to the pair production of
charginos” arXiv:1309.0528

- Main difficulties : Vas
=> Low cross section , few picobarns or less. Requires high luminosity

=> Discrimination of WW background, Xsec = 60pb, S/B=1/10

ATL-COM-PHYS-2013-1394
1403.5294v1




Direct chargino pair production in 2 lepton + MET (2)

- Limits :

- Interpretation in simplified models : all others SUSY particle decoupled, x,* — x,°W

S | T T T | T T T | T T T | T T T | T T T | T T T | T T T | T S‘ 25[’ 1T T 1 | T T T 1 | T 1T T 1 | 1T 1T 1 | T T 7T | T
w I B ]
I ATLAS Preliminary i ﬁ - ATLAS Preliminary ==== Observed it (+165207)
-9. === Observed limit (+1 Gtshligs):y] E’*‘H’ B J- Ldt=2031" {528 TeV ——— Expected Ilrn_ltl[ 1620) i
° imi 200 — (=0 (7 -0 ~ _
- -.—. Expected limit (+1 c,,,) Lo a W w s [ LEP2 (1035 GeV) i
S 10k : | - - -
= 10 T Vs=8TeV: JLdt =20.3fb" ] B Al limits at _95% cL i
E | xoF 050 WO 70 7 B -
— XL, WX, Wy, with: Mo = 0 GeV 4 150 |— B
7 . - ]
O | | B —_
X r - S i
0 100 [— I’@, | —
» e oo = o -
50 — —
| e v b e b b e g 0 P i | ‘-_[__,.i_\ i '-._‘ Dl -

100 120 140 160 180 200 220 240 0 50 100 150 200 250
m.. [GeV] m,- [GeV]

— Excluding chargmo up to 180 GeV with massless neutralinos

— The only result at LHC for this scenario
— CPPM work now focused on prospect at 14 TeV :
- 2 lepton analysis improvement and expected result
- Combination with new channels like 1 lepton + 2 jets channel

ATL-COM-PHYS-2013-1394
1403.5294v1




Table 3. Numbers of observed and predicted events in the CRs, data/MC normalization factors
and composition of the CRs obtained from the fit. Systematic errors are described in section 8.

SR mTry and WWb/c WWa Zjets
CR WWw Top zv. | WW Top VAS Top
Observed events 1061 804 94 472 209 175 395
MC prediction 947 789 91 385 215 162 399
Normalization 1.14 1.02 1.08 1.12 0.97 1.04 0.99
Statistical error 0.05 0.04 0.12 0.08 0.08 0.12 0.06
Composition
WW 84.6% 1.4% 5.0% | 86.8% 1.7%  10.5% 1.3%
Top 10.4% 98.5% <0.1% @ 7.3% 98.1% 2.8% | 98.0%
VA4 20% 01% 949% | 1.9% <0.1% 82.9% 0.3%
Non-prompt lepton | 1.9% <0.1% <0.1% | 2.7% <0.1% <0.1% | <0.1%
Other 1.1% <0.1% 0.1% | 1.3% <0.1% 3.7% 0.3%
e 7th France China Particle Physics .

Laboratory (FCPPL) Workshop



SUSY search with same-sign leptons (1)

Focus on signatures with 2SS/3 leptons and jets (+bjets) (+MET)

Low SM background, high sensitivity to new physics
In particular SUSY, with strongly produced superpartners:

Natural SUSY, light Gauginos cascades Light sleptons Majorana gluinos RPV t
3" gen. squarks — tops ¢ W o

P ) Z p l/v
R o L

X2

> A% U

~. ok

~ SaX2 ~.) ~0 = sl)’ J/: -

' w , RS
Z P (/v

q %4 q (/v

Current team O. Ducu, J. Maurer, (A. Olariu for 14 TeV), CPPM & IFIN Bucharest

(other team members from Cambridge, Montréal, Chicago, Arlington, Freiburg)

Strongly involved since early 2012, worked for the following public results:
Paper in preparation with whole 2012 dataset, combining 2SS and 3lepton

searches, _
will be released to public in the coming days First ATLAS SUSY
Mar. 2013, 8 TeV, 20 fb-! http://cds.cern.ch/record/1522430 +search presented
with 20 b’
1sAlg. 2012, 8TeV, 5.8 fb  http:/icds. Cerrch/record/1472674 35

LdDUIadlOry (FCFFL) VWOITRSTTOP



SUSY search with same-sign leptons

(1)
glgna| regions ael |n|!|on

Work in all sectors of the analysis: — few SRs, but sensitive to many models
— great discovery potential

Background estimates

...................................

‘g 106 Same Sign e
S  E  ATIAQ Draliminan) efes 3 0> poUoTTrrr T
— rare SM processes g ATLAS Profiminary -oea
5 Ldt=207f",{5=8 TeV |:|Chargeﬂp ATLAS Preliminary _._D‘;t‘;m
o 3
— detector-like: lepton fakes £ =& 0 Wy JLa-07w mere 2T
[ Diboson

[ Charge flip
Bt + v

and/or charge flip...
— data-driven methods used

— choice of validation regions

Number of events /25 GeV

]lIIIIII 1 II]IIII| | IIIIIII| L 111l

ata /exp
N

i .ttt . .t

data / exp

Dominant source of systematic uncertainty:
SROb: lepton fake rate, JES, b-tagging identification
SR1b: JES, lepton fake rate, ttV cross-section

SR3b: lepton fake rate, ttV cross-section

750 200 250 300 350 _ 400
Missing transv. momentum ET"* [GeV]

00.\

50

100

itatistical interpretation

— CLs limits setting on various
topological signal models

— upper bounds on visible cross-
section for reinterpretation in other
exotic scenarios

800 —— O-leptons, =3 b-jets, 12.8%™, V5=8TeV - [ —— 3-leptons, = 4 jets, 13.0fb™", y5=8TeV P
2-SameSign-leptons, = 4 jets, 5.8, ys=8TeV b 400 [ Allimits at95% CL 50 1

[ —— 3eptons, 24 jets, 13.0f™, {5=8TeV ] -

Al limits at 95% CL
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Towards Run Il — improve object7<§§1;@g“i§rly eﬁ*ﬁﬁﬁates new signal/control regions

0 hobone to provide aquick resul with 2015 data



ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: Moriond 2014 det - (4.6-229)fb"! +s5=7,8TeV
Model &Y Jets ED™ [Ldim) Mass limit Reference
MSUGRA/CMSSM 0 26jets  Yes 203 |42Z 1.7TeV m(3)=m(z) ATLAS-CONF-2013-047
MSUGRA/CMSSM Teu 3-6 jets Yes 20.3 g 1.2 TeV any m(q) ATLAS-CONF-2013-062
»  MSUGRA/CMSSM 0 7-10jets  Yes 203 |2 1.1 TeV any m(g) 1308.1841
L 4 q—)le 0 26jets  Yes 203 g 740 GeV m(¥})=0 GeV ATLAS-CONF-2013-047
S g—qaX) 0 2-6jets  Yes 203 |& 1.3 TeV m(¥?)=0 GeV ATLAS-CONF-2013-047
S 38 3-qat >qqW* )%] lepn 3-6jets  Yes 20.3 s:: 1.18 TeV m()ﬁkzoo GeV, m(t*)=0.5(m(¥})+m(3)) ATLAS-CONF-2013-062
D 3z, 3qq(Ll/lv[y)Y] 2e.u 0-3 jets - 203 | & 1.12 TeV m(t})=0GeV ATLAS-CONF-2013-089
g GMSB (¢ NLSP) 2e,u 2-4 jets Yes 4.7 tanB<15 1208.4688
‘G GMSB (/NLSP) 127 0-2jets  Yes 207 1.4 TeV tang >18 ATLAS-CONF-2013-026
S GGM (bino NLSP) 2y - Yes  20.3 1.28 TeV m(9)>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) 0-3jets  Yes 5.8 m(H)>200GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes  10.5 m(@)>10~ eV ATLAS-CONF-2012-147
g o g-bbl) 0 3b Yes  20.1 b4 1.2 Tev m(¥})<600 GeV ATLAS-CONF-2013-061
o g g—m‘)?g 0 7-10jets  Yes 203 |2 1.1 TeV m(F)) <350 GeV 1308.1841
2 e 8o 0-1e,pu 3b Yes  20.1 b4 1.34 TeV m(/\'/?)<400 GeV ATLAS-CONF-2013-061
o« g—bit| 0-1e,pu 3b Yes 20.1 g 1.3 TeV m(¥})<300 GeV ATLAS-CONF-2013-061
bib1, by —>b)(1 0 2b Yes  20.1 by 100-620 GeV m(¥})<90 GeV 1308.2631
o= bib,bi—ty 2e,u(SS)  0-3b Yes 207 | 275-430 GeV m(¥i)=2 m(¥)) ATLAS-CONF-2013-007
<.8 7 /(light), ;i —blT 1-2e,p 1-2b  Yes 47 |4 1105167.GeV! m(E))=55 GeV 1208.4305, 1209.2102
S8 #nllight), 7i»WhE) 2ep 0-2jets  Yes 203 |74 130-210 GeV m(¥}) =m(f)-m(W)-50 GeV, m(f, )<<m(¥7) 1403.4853
g'g 7171 (medium), 7 _M? 2e,u 2 jets Yes 20.3 A 215-530 GeV (,\/O) 1GeV 1403.4853
= E. 7171 (medium), 7; —>0le 0 2b Yes 20.1 tj; 150-580 GeV m()(,)<200 GeV, mWf)-m(,??):S GeV 1308.2631
O = 77 (heavy), i >1¥ Tepu 1b Yes 20.7 2 200-610 GeV m()(,) -0 GeV ATLAS-CONF-2013-037
‘cn 8 t] t1 i (heavy), 7 S 0 2b Yes 205 |7 320-660 GeV m(t})=0 GeV ATLAS-CONF-2013-024
Eas 1, >k 0  mono-jet/c-tag Yes 203 | #4 90-200 GeV m(f)-m(¥))<85 GeV ATLAS-CONF-2013-068
t1 tl (natural GMSB) 2e,1(Z) 1b Yes 20.3 2 150-580 GeV m(¥})>150 GeV 1403.5222
fafy, a—ot + Z Be,u(2) 1b Yes 203 |& 290-600 GeV m(¥})<200 GeV 1403.5222
0ROk, 7-et) 2e,u 0 Yes 203 |7 90-325 GeV m(¥)=0 GeV 1403.5294
B )EZXI X1+—>5V(CV) 2equ 0 Yes 203 )gz 140-465 GeV m(¥1)=0 GeV, m(Z. )=0.5(m(¥ ) +m(¥})) 1403.5294
= O XXy, X —Fv(v) 27 - Yes 207 | X 180-330 GeV m(¥))=0 GeV, m(z, 7)=0.5(m (¥} )+m()(,)) ATLAS-CONF-2013-028
WS Yty Tl ). (57 L) e 0 Yes 203 |F.B 700 GeV m(EE)=m(@), miF)=0, m(Z.5)=0.5(m(} ) +m(¥})) 1402.7029
/ﬁf}? —>W)(OZXb 2-3e,u 0 Yes 20.3 il, -ﬁ 420 GeV my )=m(X2) m(X.) 0, sleptons decoupled 1403.5294, 1402.7029
/\/1)(2—>W)(1h)(1 e 2b Yes 20.3 f\%, i 285 GeV m(¥T)=m(¥3), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
.8 @ Direct ¥1¥] prod., long-lived ¥i  Disapp. trk 1 jet Yes  20.3 7 270 GeV m¥r)-m(¥7)=160 MeV, 7(¥1)=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g R-hadron 0 1-5jets Yes 229 |2 832 GeV m(¥})=100 GeV, 10 us<7(3)<1000 s ATLAS-CONF-2013-057
ST GMSB, stable 7, Vi —%@, f)+r(e, ) 1-21 - - 15.9 10<tanp<50 ATLAS-CONF-2013-058
S 8 GMSB, ¥1—yG, long-lived £ 2y - Yes 4.7 0.4<r(¥9)<2 ns 1304.6310
- G, V)= qqu (RPV) 1p,displ. vix - - 203 |4 1.0 TeV 1.5 <ct<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—vy: + X, Vr—e +pu 2eu - - 4.6 A;,,=0.10, 4;3,=0.05 1212.1272
LFV pp—v, + X, V. —e(u) + Teu+t - - 4.6 A5,,=0.10, 4;()33=0.05 1212.1272
> Bilinear RPV CMSSM Tepu 7 jets Yes 47 m(g)=m(g), ctzsp<1 mm ATLAS-CONF-2012-140
%: xl)(l ,)(1 SWE ¥ —eei,, epe 4epu - Yes  20.7 i; 760 GeV m(¥})>300GeV, 4,2,>0 ATLAS-CONF-2013-036
X1X1 ,)(1 —WX |, X|—1T7,, e17; Beu+t - Yes 20.7 i 350 GeV m(/\"?)>80 GeV, 1;33>0 ATLAS-CONF-2013-036
8—q9q9q 0 6-7 jets - 20.3 4 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—iit, ii—bs 2e,u(SS) 03D Yes 207 |& 880 GeV ATLAS-CONF-2013-007
o Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
g Scalar gluon pair, sgluon—tf 2e,1 (SS) 2b Yes 14.3 ATLAS-CONF-2013-051
"0"' WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
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*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.



m, .vs. m 1/2 5 (MSUGRA/cMSSM) M(~g) .vs. m(LSP)

MSUGRA/CMSSM: tan(p) = 30, A ,u>0 Status: SUSY 2013 m ( PJ
S- 1000 L IU T T | T T [ mqr rrJrrr T ucfion, §'—> ﬁi), m(G) >>m '“') \s=8TeV Lepton & Photon 2013
0 B! 1 N T Sl \| 95% SUSY 1 = L 1L I O
8 B\ TR 95% CL limits.ry,y, not included. 1 3 1200 — I I 1 osed oL timits. 3U5Y bt includdd | [T
a [LsP ‘ATLAS Prellmlnary 7| - - Exedted  (epton, 2-6 jets 4 G - ATL_A_S - Expected 0-lepton, 7 - = 10 jets L, =203M7 -
g 900 — Lit=201-20710 " 1587V == Observed ATLAS-CONF-2013:047 ] ENy | Preliminary == Observed ATLAS-CONF-2013-054 |
C | ‘ == Expected (.Jgpton, 7-10 jets 1 € L -~ Expected 0-1lepton, =3bijets | [, =20177 |
- ¥ \ === Observed ~ arXiv: 1308.1841 _ == Observed ATLAS-CONF-2013-061 n
~ B ‘.\ \\ -~ Expected (.4 lepton, 3 b-jets 4 1000 — -~ Expected 3 gptons, = 4 jets I L =128f7 |
~800 — \ \ = Observed  ATLAS-CONF-2013-061 — = — Observed ATLASCONF20T2s1 ¢ ™ -
-l B R \ -~ Expected  1.jepton + jets + MET 7] N -~ Bxpected ;oS leptons, 0- 23 bjety [ =2071b7 ]
E B \ “"'*--\I._ .1 | === Observed ATLAS-CONF-2013-062 : L === Observed ATLAS-CONF-2013-007 i int m
- \ \ --Bpected  1.2taus +jets + MET 800 — I —
700 — \ ! = Observed  ATLAS-CONF-2013-026 — i |
C \ | “-Expected  9.GSlentons, 0-23b-elS | |am e e e o o - T I = b b G
B \ ‘- == Observed  ATLAS-CONF-2013-007 ] r
600 = Glumo medyated\stop domrr ant ©% 7
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od
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- m(~q) “m(~g): m(~g) > 1.7 TeV |
- M(~g) >> m(~g): m(~g)>1.35 TeV No exclusion for M(LSP) = 700 GeV

- Conditional/indirect limit on LSP: m> Strongest limit: m(~g) 2 1400 GeV
14200-300 GeV
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Summary of gluino-mediated stop/sbottom production
4b + MET final state: 4t + MET final state: CMS

Hadronic searches most Single lepton searches
sensitive most sensitive
~ ~ . ~ — ~0 ( ) ~ ~ . ~ = ~0
T(LSP) g-g production, g— b by m(LSP g-g production, g— tt’y
% _I I I | I.I I.l I I I | I I I I mT Ill I_ ; —||||||||||||||||||||||||||||||||||||%|||||||||—
51000 CMS Preliminary — Observed & 900-CMS Preliminary —— sus-12:024 0-lep (fir+H,) 19.4 fb']
L — o, C  aileda. ' .
§ . Vs=8TeV = Observed -1 ofli’ei‘r’y i @ - /s =8 TeV = gﬂg-:g-gg; ?jl;‘*(gl_(:: %;)119?213%'?‘ .
E | susy2013 - Epected § ] £ 800 Nov 2013 = Susinz. =
- 7 o - — Observed —— 13- . .
f 8001= o L 2 700 Observed -1 o3%S" SUS-13-008 3-lep (3}+b) 195 fb E
i i L - - Expected Q l ]
i i - & =
i ] 600
600/~ L B 500
g-g production, g— tfi[: m(t) >> m(g) f .
%‘ _||||I||||||||||I||||I||||||I |||||||||||| i ‘é | 400_
© 1200~ ATLAS Preliminary -4 4 _ C
& b Jra=207 ", 5=8 TeV . . 300 &
1000 L 2 same-charge leptons + jets _ B
=i Observed limit (£1622%) _
[ -—-- Expected limit (+10,,,) ] 200 o
800 - —— Odeptons, =3 b-jets, 12807, \S=8TeV - N ik
- 2-SameSign-leptons, = 4 jets, 5.8, {s=8TeV - N .
[ —— 3-eptons, 24 jets, 13.0™, 5=8TeV B 100 !
600 [ Alimits at 95% CL p : _] i :

0
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1 o mass[GeV] gluino mass [GeV]

m(~g) -

. 1 50 GeV No exclusion for M(LSP) =2 600 GeV
O 5005w 700 w0000 1000 1100 1200 1300 GEV Strongest limit: m(~g) = 1320 GeV
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ElectroWeak Production Summary

- Final state: 2-41 + MET (l=e/p/T)

ATLAS Preliminary 20.3-20.7 fb' Vs=8 TeV  Status: Moriond 2014

% T — pp—)'XT%g, viaNIL/ v, 3l, arxiv:1402.7029 - = = = Expected limits
O  — oo T, vial/ v .
= B pp—))Ncl )~C(1) , V!a INL/ v~, 2€/\L, arXiv:1403.5294 Observed limits
I - = PP—X, X Via T/ Ve 3l, arXiv:1402.7029
€ 500 — pp—))”(:‘r%g, viaT /v, 27, ATLAS-CONF-2013-028

= PP, X, ViaT/ V., 27T, ATLAS-CONF-2013-028

[ — ppa%fig, via WZ, 2e/u+3l, arxiv:1403.5294

400 — pp—>%f>”c§, via Wh,  e/ubb, ATLAS-CONF-2013-093
~ ppﬂif%g, via Wh, 3l, arxiv:1402.7029

= PP, X, Via WW, 2e/|, arxiv:14035294 o~~~ O\ .7
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CMS

ElectroWeak Production Summary

O Probe gauginos up to 300-740GeV N
O light slepton is more sensitive

300
200
100

CMS Preliminary \s=8TeV,L_ =19.5fb"
int

; QOO:IIII|IIII|IIII|IIII|IIII|IIII|IIII:
L 800F _ppﬁgi_? (vial,i) —— Observed limits E
(.2. - ——pp— 35: X, (vial V) ]
Ecixv 700 — pp—= %% (viaTy) L =
B ~0 ~=+ .~ PR <]

- —pp X, X, (viaTy) &L =

600 s T s

- pp =%, % = ZTIW L) . S ]

500 — PP %%~ HI)IWZ) m,, ,{0;;@* E

- SUS-13-006 M/, i .

4001 sus-13-017 g gt =
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m, = 0.5m.. + 0.5m,, m~i = m~0 [GeV]
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t t1 production Status: Moriond 2014

LI I LI l LB l LI l LI I I I' LI I | I LI I UL I UL I LI I
600 — ATLAS Preliminary Ly=20-21fb"4s=8TeV L, =47 Vs=7 TeV —
B = oL, 71—”7(2 OL ATLAS-CONF-2013-024 OL [1208.1447] 7]
[ oo — 1L t> 1t} 1L ATLAS-CONF-2013-037 1L [1208.2590] T
: Observed limits = oL, t—)txa 2L [1403.4853] 2L [1209.4186] :
500 === Expected limits = oL 1—>be 2L [1403.4853] - ]
| E—— oL, mono- jet/c tag, 1—) cx 0L mono-jet/c-tag, CONF-2013-068 |
L All limits at 95% CL ——— OL, Mg=Mo+5 GeV OL [1308.2631] i
N L 1 - bx- m =106 GeV 2L [1408.4853] 2L [1208.4305], 1-2L [1209.2102] _|
= CDF 2.6 fo! [1203.4171] e 1 —b¥%, m =150 GeV 1L CONF-2013-037, OL [1308.2631] i
400 — _— 2L, 1 —>bx m —m 10 GeV 2L [1403.4853] ]
- b+C h a rgl n O = 1oL 1 N bX m —2x m 1L CONF-2013-037, 2L [1403.4853] 1-2L [1209.2102] -
- = b LW g toci > WhE, /T tX, -
- —-- TN _
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n \ _
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n . ] 4
200 | -: ]
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These plots overlay contours belonging to different stop decay channels, m; [GeV]

dlfferent sparticle mass hierarchies, and simplified decay scenarios
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Direct stop pair production

- ttbar + MET (

I

CMS

)

100% BF for each decay channel

m(LSP) t-t production Dependence on BF
. 500 T T T T T T T T T T T T T T T
%.) —|CMS #re"mlnar | | | . CMS M LSP \/§=8TeV, dt=19.5 qu
) y
& 450 —— Observed —: CT T T LI N B Y L L L B T T T
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& ~ —— SUS-13-004 0-lep+1-lep (Razor) 19.3 fb™" (E t] analysis: . 5 3 BDT analysis BF{— tif) IR
- - . “YME_unpolarized top BF({ - ) = 0.8 -
350 [ = SUS-13-011 1-lep (leptonic stop)19.5 fb ' (f— m‘l -> tN1 ] - 3) 5
- 4 - 300k ~ — BF{f — t7)=0.7 .
300 = = SUS-13-011 1-lep (leptonic stop)19.5 tb™! (> b ¥, - - K K BF(E" t7,) = 0.6 ]
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- ---01L 3 200F =
200— \ ] C N
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:,’l' o ofe e o ' ] 0"' A lvl'"l b by by by b s ey T
o { ¥ il hET S ERY AR L 100 200 300 400 500 600 700 800
100 200 300 400 500 600 700 800
m.. [GeV]
stop mass [GeV] ~ t
o m(Ntlyth France China Particle Physics m( tl)

Laboratory (FCPPL) Workshop

43



SUSY Models and SR : ss 21

ﬂ

g —>bb
t ff Gluino-stop (bff) degenerate (m,.. ,m;-) . -
gt t _ ’ ’ 7 —>Wiiy
L bz’ Gluino-stop (b7, on-shell
— Gluino-stop (7)) off-shell (m, < m. +m,) g_”,,: ''''''''''''''''''''''''''''''''''''''''''''''''''
— 4 - vyt
X Gluino-stop (£7°) on-shell (m; > m; +m,) ! 71L.w=<')~° direct sbottom (t,") fixedm_,
- . ' direct sbottom (£7,”) varied m_,
—~ bs Gluino-stop (bs) RPV qg—>q 2&’ N o
- . ..,f ijv direct squark (via slepton)
g>4949 w=" 'z Gluino-squark (via W) I_O’ vy
L’q' Zl—<}; ’ q—>q%,
L - VLV Gluino-squark (via slepton)
q % IR
. . Signal region Ny jes  Signal cuts (discovery case) Signal cuts (exclusion case)
Signal regions _ _
. mgs SROb 0 Niews = 3, ET5> 150 GeV Niews = 3, ET> 150 GeV, mr> 100 GeV,
deflnltIOn JCLlOOG VT 400 GeV b'JCL d sh . fit i fi 300 GeV
mr> eV, Mme> € inned shape fit in mg for meg > e
— few SRs, but . . -
y SR1b >1 Njets 23, ET*> 150 GeV Njets 2 3, ET**> 150 GeV, m1>100 GeV,
sensitive to many , _
mr>100 GeV, m4>700 GeV  binned shape fit in m.g for me5>300 GeV
models
reat discovery > Mew 24 N 25
g ] ry - ET5< 150 GeV or mp< 100 GeV
potential
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Exclusion Limit for

simplified model with stop production
ATLAS-CONF-2013-062

H — wavooyy
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o Two b-jets region

o M_stop—m_N1 mass
plane (assuming amost
degenerate C1 and N1: dM
= 5,20GeV)

o Limits extend up to stop
mass ~420(450)GeV in
dM=5(20)GeV.
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Signal Grids

B Simplified Model
— modeA: C1N2 (a) ; modeC: C1C1 (b)

— C1,N2 decay with 100% branching fraction to final
states with (s)taus.

— All sparticles other than C1,N2,N1, stau and sneutrino
are assumed to be heavy.

— Wino like C1,N2; bino like N1

— C1,N2: mass-degenerate. C1/N2: 0-400GeV,;
N1:0-250GeV.

— Stau,tau sneutrino: mass-degenerate.
0.5*[ (MChi1+/-,mN2) + mN1 ]

E pMSSM
— Mstau = 95 GeV, Heavy squarks and gluinos

- tan  =50; M1 =50 GeV , M2 and mu: 100-500 GeV

- In the case that stau/tau sneutrino are lighter than
charginos/neutralinos (C1N2, C1C1 dominant)

- In the case that charginos/neutralinos are too heavy to
produced at LHC (direct stau dominant)
B Direct stau
- Afew signal points available in 2013

— already included in signature paper for this very
challenging process




BG components

SM process SR OS mt SR OS mt; -nobjet
020047 £0.13 | 1.59+0.78 £ 1.20
0.28+£0.26 £0.23 | 0.37 £0.31 £0.26
216 +0.48 + 0.52 | 245+ 0.48 + 0.94
8.38 £2.64 + 1.36 | 12.23 334 +3.02 [I |~
SM total 11.0+£27+1.5 166 £3.5+34 ~75-80%

Two Main Backgrounds

m Fake tau: reducible BGs (dominant, ~75-80%, data-driven)
— QCD di-jets (2 fake taus); W+jets (1 fake tau, 1 real tau)
- Estimated together with Data-driven approach (ABCD method)

m Real tau: irreducible BGs
- Top, Z+jets, diBosons: (2 real taus)
— Directly estimated from MC

— The tau identification and trigger efficiency in MC is corrected with
different sets of scale factors for real tau and fake taus from
TauCP group

14-4-8 7th France China Particle Physics Laboratory (FCPPL) Workshop 47
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Fake tau BG estimation: ABCD method

B Variables
X-axis: TaulD

Y-axis: Mt2 £ D

B Signal Region

-
e
B Baseline Control Regions
QCD+W QCD+W
QCD+W CR-A/BIC 2| | oa

CR-C
TF obtained from QCD event 0 Tome — TEm T tmeam oD
(low mT2 region from Data): (ight veto)

TF=C/B

EXtrapO|ation peﬂormed from Regions QCD+W Control Region Signal Region
A to D through TF A B ¢

D
mr2> 90 GeV mm< 40 GeV mr2< 40 GeV mt2> 90 GeV
E7r> 40 GeV Er> 40 GeV Er> 40 GeV Er> 40 GeV
OS mpy at least 2 loose taus | at least 2 loose taus | at least 1 medium tau | at least I medium tau
. Alternative ABC D method tight tau veto tight tau veto at least 1 tight tau at least 1 tight tau

myy> 100 GeV mry< 40 GeV mry< 40 GeV mry> 100 GeV

(WCR-AB) has been ChQCked‘ OS mr-nobjet | at leEaTst>24](3)(()}sffc\:aus at 151T5t>24](())(()]sz\iﬂus at lefsrt>] i?egz; tau | at ]efsTt>1 i?egi?; tau
B Validation Region (W VR-EF)

tight tau veto tight tau veto at least | tight tau at least 1 tight tau
14-4-8
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EWK 2L (emu): systematics

Table 4. Systematic uncertainties (in %) on the total background estimated in different signal
regions. Because of correlations between the systematic uncertainties and the fitted backgrounds,
the total uncertainty can be different from the quadratic sum of the individual uncertainties.

m3, mi% mi% WWa WWb WWe | Zjets

SF DF SF DF |SF DF | SF DF | SF DF | SF DF SF

CR statistics ) 3 6 4 8 4 5 ) ) 3 6 4 1
MC statistics 5 7 7 12| 10 23 3 4 5 8 6 10 14
Jet 4 1 2 1 ) 7 3 6 4 2 4 3 11
Lepton 1 2 1 1 4 1 1 3 2 3 1 8 4
Soft-term 3 4 1 1 2 8| <1 2 3 5 1 6 )
b-tagging 1 2/ <1 <1|<1 <1| 1 1| 1 2 <1 1 2
Non-prompt lepton | <1 1 <1 <1 1 <1 1 1 1 2 <1 1 <1
Luminosity <l <1 <1 <1 |<1 <1| <1 <1 |<1 <1 <1 <1 2
Modelling 11 13| 21 31| 18 40 6 6 8 10 15 19 42
Total 13 16 | 24 34| 23 47 9 11| 12 14| 17 24 47
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Signal Grids

Simplified models: Consider only a specific decay chain of
supersymmetric particles, assume all sparticles not explicitly
appearing in the decay chain to decouple/heavy

q b
P : W P : W
I) ~{) / - = \— 0
> i - \ ]t X1 = X 1_ :
3 t o P - \ : 7
q R %1 : t I X1
£ W = W
R 6.
$qsq-qqWWN1N1 gogo-qqqqWWN1N1 Stst-DbVWWN1N1

QT S SITEN 26 MEE R Simplified models involving top squark

production

‘natural’ SUSY:at least one stop and
higgsinos are light.

The pair-produced strongly interacting
sparticles decay via the lighter chargino
(pure wino) into W and the lightest
neutralino (pure bino).

The lightest neutralino are higgsino-like.

Free parameters:

1) gl/sq, LSP: m_C1 is set as (m_g/sq +
m_LSP)/2

2)gl/sq , chargino: m_LSP = 60 GeV

->for incl. channels ce Chin]
@P0ratory (FCPP

Free parameters:Top squark and LSP
Two grids: M_c1-m_LSP = 5/20 GeV
-> For channels with soft lepton and b-jet(s)




I wW/T-Control f‘CQiOﬂS: - soft lepton+ bjet(s)

my [GeV]

CRs are built in high leptonPt region. - TCR: loosen Etmiss, require b-jet - WCR: veto b-jet,
loosen mt

. . soft single-lepton two b-jet
SOfT"'l bJ eT I soft single-lepton one b-jet SOfT'F 2 bJ 61’ low-mass | high-mass [ low-mass | high-mass
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Introduction SS 2|

Focus on strong production: look at squark / gluino decays with two same-sign leptons in the final state.
Motivation:

— gluinos are Majorana fermions : allows for same-sign lepton pair production.

— >3 leptons can occur during cascade decays.

— Standard Model background is very low.
Event selection:

— E ™ only triggers if E ™ > 150 GeV, single lepton triggers if leading lepton p,> 40 GeV (muons) or p,> 70 GeV

(electrons) and dilepton triggers otherwise.
— Jets with p, > 25 GeV and n| < 2.8 ; if b-tagging is required the threshold p. is lowered to 20 GeV.

— Signal leptons: isolated electrons with p. > 20 GeV and [n| < 2.47;
isolated muons with p._ > 20 GeV and |n| < 2.4.

Standard Model background

Three event categories can be considered, depending on number of b-jets identified in the final state: 0, =1, =3 b-jets.

Irreducible:
- signal region with a b-jet veto: diboson production (WZ / ZZ plus jets).
- signal regions with at least one b-jets : t7 production with a vector boson, W or Z, decaying leptonically.
- these backgrounds are estimated from Monte-Carlo simulations.

Reducible: can be divided in charge mis-measurement, fake leptons.

- with the requirements imposed in the signal regions the only significant contribution is from ¢7 — ¢
- charge mis-measurement — the probability of one electron to have a wrong charge. o

- fake leptons stem from the weak b-hadron decay. /\" K

- these background are estimated using fully data — driven methods. ¢

/LU rrdrice Cllnd Fdiucie rFrrysics
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SUSY models

The results are interpreted in minimal supergravity (nSUGRA/CMSSM) and simplified models with strong pair

production of SUSY particles.

g »>bh
-ty Gluino-stop ( b7,') degenerate (m_..m_J) | __
gt B I
.b 7. Gluino-stop (b7, ) on-shell
B Gluuno-stop(l,( loff-shell(m m, +m,)
eI 3
o GIumo—stop(rZ: ) on-shell (™, > m; +m,)
*bs Gluino-stop (bs) RPV
g£99 3 y ,71 Gluino-squark (via W)
oG 7 . ‘
. « fv.fv
) -~ Gluino-squark (via slepton)
- q X, « tfvv

Same-sign signature in Standard Model
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Data and expected background comparison
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LHC roadmap 20202022 300t ~2¢ 10%emis (is2)
P

2009
2010
20m
2012
2013

Ls1
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

2024 S8

2025
20357 .

2015-2017: 100 fbl, ~1* 10 3 cmts? (LS1) .. ~2=

W
: //'{.J/|'
|

-

2026-2035: 3000 fbt, ~ 5* 10 3% cm st (LS3)use vecem ’7\:\‘
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

| From LHCC Open meeting, 03_12,29a1>3a+ry(FcPPL) Workshop
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SUSY Search at HL-LHC

 Limits set by Run-1 LHC: m; < 0.7 TeV, mz < 1.3 TeV

« Less stringent limits on sleptons, 3 generation squark, weak gauginos
« -> Accessible at HL-LHC

106 L L L L B L L

105 Vs = 14TeV <107

Followed prescriptions in 1206.2892 [hep-ph] — DD B8 10"

10* T PP AT ] 10

103 gluino — pp—+il" ,
R production — oy 0 -
— <10® ©
g 10 ©
g H107 @
g 10 dios €
< 10! -
2 102 squark 11 2
& o0 production Jdior @

10-4 ~10°

: \ 10?

10’ weak gaugino  stop . 1

10-6E. production production T Ao

T | | | | T B 100

0 500 1000 1500 2000 2500 3000
7hE i rticle Physics
1448 &%?gjrngcm) Workshop o0



Gluino production

» Large production cross section

* Gluino masses up to 2.2 (1.8) TeV and LSP mass up to
500 (400) GeV can be discovered with 3,000 (300) fb-1

g’—>

qq i : Multijet, ETsS

CMS Simulation, \s = 14 TeV

000
o00| PP~ 939~ a0 5o Discovery Reach

L =300 fb", Phase |, <PU>=140

é’x’ 800| — L = 3000 fb’, Phase Il Conf3, <PU>=140

600 800 10001200 14001600 1800200022002400

m, (GeV)

14-4-8

CMS-PAS-FTR-13-014

* Incase gluino decays preferentially to top
o g - ttg?: Multijet, EI*ss, 1-lepton

CMS Simulation Vs =14 TeV

a I

% 1800 gxpected 50 Discovery
V) . Phasel, <PU>=0, L=300 fo"'

- 1600} ..... Phasel, <PU>=140, L=300 fb"
é | = Phasel, <PU>=0, L=3000 fb"
1400~ — Phasell Conf3, <PU>=140, L=3000 fo"’

P M

—4

7th France China Particle Physics
Laboratory (FCPPL) Workshop

A ' A 1 A A ' A A A l%lg A l
500 1000 1500 2000 2500

my (GeV)

57
57



Stop pair production

Signature:
» Fully hadronic top decay:

« 0-lepton, >6 jets with 2 b-tagged, ETs
« Semi-leptonic top decay:

* 1-lepton, >4 jets with 1 b-tagged, EJ*sS

50 discovery up to 1.2 TeV at 3,000 fb-"
(200 GeV gain from 300 fb")

1000

2 000 ATLAS Simulation Preliminary 3

S =300 fb” (<ji>=60) S0 E

3 800 \s=14 TeV -%ﬁb(<:>=§2;‘:“c.." 3

g Haz140) 5% oL exclusion E

700 -Amsnev (1-lepton): 95% CL obs. limit-]

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

600 [T 3

.~. E

500 N

400 i3

300 =

200 P

100 3

0 a1 4 3 i 2 s B o a1 o
800 1000 1200 1400

7th FranceGhjni@Micle Physics
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ATLAS-PUB-2013-011 !
- ATLAS Simulation Prelminary ;3"
L \s=14 TeV, 3000 " <u>=140 Wev

107 | R

3 —m_m ) = (800,100)

L 1 lepton channel
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Number of events / 50 GeV
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| [
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WWeps
|m~.m\.)-m.'00)
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58
58



Events / 20 GeV

« Direct production of #i and 2
« Signature:
« 3leptons (>10 GeV)

« EMSS > 50 GeV
* Db-jet veto

Excluded chargino mass (for massless LSP) is increased by 300 GeV by
going from 300 fb-" to 3,000 fb""

1= 14 TeV

1s= 14 TeV ATLAS Simulation Preliminary
++++ 3000 fb' exclusion, u = 140
«+++ 300 fb"' exclusion, p = 60
8 TeV, 20.7 b exclusion

=140 " 500

| 400

- = = CIN2 (WZ) 600,0 3-lepton channel e ey
= C1N2 (W2) 700,200 . P g K
-= C1N2 (WZ) 1000,300 LL-WEZ o H

l'n'.‘sﬂli:

300 fb1 :
800 300 400 500 600 700 800 900 1000 1100691200
14-4-8 7th sar@eWjna Particle Physics m,:.;g:[ V)
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o (GeV)

™

50 exclusion region from CMS

Weak gaugino production (2)

M

« Extend the mass range up to 700 GeV with 3,000 fb-"
« Assuming 100% or 50% branching ratios of 7 » W*#? and 79 - Z#?

CMS Simulation fs =14 Tev
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I W/T-Control regions - soft di-muon

VR2MU1 [ VR2MU2 | VR2MU3

[ 16.251 |
> 6
nd H
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tagging (MV1) ILdI-ZO 116" V5=8 TeV ] misid. lepton
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Exclusion Contours (MUED 2MU)

Unlversal Extra Dimension

'>— 400_ T i T T T T T T T T I T T T T ﬂr T T T I - T T T l_
8 — ATLASlnternal '.Ldt 20.1fb ", {s=8 TeV ] %’5-lll|l||llllllllllllllllllllllllllllllll_
o 3 O‘{“UON SR e ODSEIVEQ M (21 0poer) — ° 1 ATLAS Prelminary o PEP0D |
< . E_ % BEEY Expocted imit(+10,.) _E % : ILm=2o_1 fo’, V=8 TeV :g;:':m :
- - Q10 . 7 ]
- — 8 - 0 omosons 7
B = S e
;: I [ soft dimuon 1
20 :_ _: . i signal region _"
i E- - - 4’
= - W =5 5w L2 275 D
10051_ 0.37 0.52 0.50 0.66 _0¥s 0 20 40 60 80 100 120 140 160 180 200
- = my [GeV]
51 H !‘I'l lld‘,l P T T I T T N T C TN N N T L TN SN M L N T |—'5-Tfl
700 800 900 1000 1100 1200 1300
1/R [GeV]
The expected exclusion reaches up to 1/R values of 870 GeV, for a
cut-off scale times radius (AR) of about 10.
Given the small excess in this channel, the observed limit is lower,
outside the experimental 1-sigma band, reaching only up to a
compactification radius 1/R~740 GeV depending on AR
14-4-8 7th France China Particle Physics 62
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Discovery and exclusion

P-value=probability that result is as/less compatible with the

hypothesis

DISCOVERY:

o« The null hypothesis H,

describes background only
— If the p-value of H_is found

below a given threshold, one
can consider looking for a
better model

- In HEP, Z > 5 is conventionally
required to claim a discovery

o The alternative hypothesis H

describes signal + background

- The alternative hypothesis is
supposed to fit the data very
well for claiming a discovery

Laboratory (FCPPL) Workshop

EXCLUSION:

o The null hypothesis H
describes signal + background

- One is interested into setting
an upper limit to the intensity
of the signal alone

« The alternative hypothesis H
1

describes background only
- No real need to test for it

- The background-only model
becomes important only in
case of discovery



SUSY search at LHC:
Identifying a signal/constraining SUSY parameters

Results of searches presented in form of raw numbers
and limits.

Raw results

— number of observed and expected events and uncertainty for
each signal region.

Interpretation for Limits (profile likelihood method, CLs
prescription)

— identifying a signal (discovery)
« P-value for background-only hypothesis

. glo-signalé%% CL model-independent limit on Nevents in
R

— constraining SUSY parameters (exclusion)

 Model-dependent 95% CL limits on SUSY models

— Observed and expected limits with theoretical and experimental

uncertainties, respectively. rarticie physics

Laboratory (FCPPL) Workshop o
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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
1, based on likelihood
ratio A:

Lwb@)
Loy M=

Low)
L(0,6(0))

14-4-8

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 t,. generate toy Monte

Carlo or using asymptotic formula

Find the observed
test statistic for

tested p: T, 0bs

7th France China Particle Physics
Laboratory (FCPPL) Workshop

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

modl aross

Numbars give 95% CL exchided




Simultaneous fit I

« 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 in
ﬁB—S 7th France China Particle Physics




Simultaneous fit II

« Input: Probability density function (Signal and background are described
by a binned PDF in CRs, SRs and VRs -- technically it is implemented
by a collection of histograms).

The number of observed events (described using a Poisson)

The ttbar and W(Z)+jets backgrounds: MC prediction

« >samples of all fit regions are scaled by “free parameters” mu_wz/
mu_top (un-constrained scaling factors) to get an overall normalization.

The QCD multi-jet background estimate: data-driven prediction
« only allowed to vary within its uncertainties in the fit.

Smaller backgrounds as single top, dibosons and ttbar+vector boson:
MC prediction.

« only allowed to vary within uncertainties.
Signal samples of fit regions are scaled by “free parameter”
mu_SIG
Statistical and systematic uncertainties are included as nuisance

Barameter's, typically constrained by a Gaussian. Correlations
etween the systematics are considered.

« The product of the various PDF forms the likelihood.

« The fit maximizes the likelihood by adjusting parameters-> the optimal
value/error of the free parameters and nuisance parameters are
. determined simultaneously’when thePDFris-fitted to Data.




http://www.phy.pku.edu.cn/~susy2012/resources/conf day2/plenary/5 Carena-SUSY2012.pdf =~

Higgs Production in the di-photon channel in the MSSM Ea
Charged scalar particles with no color charge can change di-photon rate =GN

without modification of the gluon production process
2 2 D _ 2
my =1TeV GeV, A, = 0 GeV My | s e psinf) W}

900 or(gg - h) Br(h - yy) 165 Light staus with large mixing
"'(88"”’)5.\1_8"(""77’531 [Slzeable u and tan beta]:
800 mr, me,
= enhancement of the
Higgs to di-photon decay rate

Contours of constant

o(gg —>h)Br(h —yy)
olgg —>h),,, Br(h =yy)gy,

500

400

for My, ~ 125 GeV

200 220 240 260 280 300 320 340
my,, (GeV)
M. C, S. Gori, N. Shah, C.Wagner; | | +L.T.Wang’12

Higgs into di-photon rate can be enhanced via Staus

hns without changi@bhe&digg&cimchW/ZZ rates o
aboratory (FCPPL) Workshop




I Model independent Upper Limit @ 95% CL

Signal channel S oxp

SR-OSmy . 89737
SR-OSmry-nobjet 104706

Table 6: Left to right: 95% CL upper limits on the visible cross section ((ar)gg ;) and on the number of

signal events (S ggs ). The third column (S gfp) shows the expected 95% CL upper limit on the number of
signal events, determined by setting the data to the expected background contribution (and 1o excur-
sions on the expectation) of background events. The last two columns indicate the CLp value, i.e. the
confidence level observed for the background-only hypothesis, and the discovery p-value (p(s = 0)).

7th France China Particle Physics
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SUSY Introduction ~\/

ﬂ
. . ’_ AZ
u Sf)lve hlgrarchy problem without Amdy~ — L AT
“fine tuning” . m .
— SUSY contributions to Higgs mass \ /
cancel SM contributions :
[0 Unification of gauge couplings /0 Am2, | ~ lé\_szA%V
\ ' ™
— New particle content changes o \_ J
running of couplings 3 §
;_6?) 380 ' 1ia i
0 Provide Dark Matter candidate R
- Lightest SUSY particle (LSP) can 4 ol O\
be stable and only weekly | — \
interacting 20 il g
/"‘r‘(lj
06 5 10 15 OO 5 10 15
Some of the arguments are most convincing forf:““" O VE0Y)

SUSY particles at ~TeV scale ancc crina particie physics
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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

o 1400 a 70 — ~v decay

> ® Data2011(1.37 16) ]

$ o ™
E B e (W—=ev)

100068 $oas "= Jetbackground > pr > 20 GeV, |n| < 2.5

ATLAS Preiminary > 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

bl B BB 1) France chifR aliigdty sefficiency: 30-50%; jet rejection: 200
60.70.809 1 Laboratory (FCPPL) Workshop 39-
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VAN
N

u ‘2 Detector characteristics
A TO ro I d a I L H C Ap pa ratu S Muon Detectors Electromagnetic Calorimeters - \S?dth: ) ;;m
: A ameter: m

-42mx22m, 7000 ton

“ * Inner Detector (2T solenoid, /
Inl<2.5):
o, /p, 0 0.05%/GeV xp, ®1%

* Calorimetry: /
* electromagnetic, |n|<3.2 >
0. /E 110 %~/GeV /E ® 0%

* hadronic (central, |n|<1.7) ;
o. /E 150 %J/GeV /JE ®3% v

* hadronic (endcaps, 1.7<|n|<3.2) \
0. /E 260 %-/GeV /JE ®3%

* hadronic (forward, 3.2<|n|<4.9) I III \ /==
LU [T (8>

0. /E 1100 %-/GeV /JE ®5%
* Muon system (~4T toroid, |n|<2.7):
o, /p, 110% for p,(u) =1 TeV/c

»Inner Detector: Highly segmented silicon
strips, determine very accurately charged particles
trajectories

»Solenoid Magnet: Solenoid coil that >
generates a 2T magnetic field in the region of the
Inner Detector

» Electromagnetic Calorimeter: Electron >
and pﬂqign energies are measured through rrance china particle

=N \ \ / End Cap Toroid

ﬁ Weight: 7000t

X Solenoid |\ CERN AC - ATLAS V1997

Forward Calorimeters

e e

Barrel Toroid Inner Detector Shielding

Hadronic Calorimeters

Hadronic Calorimeter: Hadrons
interact with dense material and produce a
shower of charged particles

Toroid Magnets: 8 toroidal coils that
create a 0,4T magnetic field in the area of
the Muon Spectrometer

Muon Spectrometer: Muons traverse
the rest of the detector and are measured
in"its’ outer layers 79
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1.5 Monte Carlo samples

Several Monte Carlo (MC) generators are used to model the dominant SM processes and new physics sig-
nals relevant for the analyses. SHERPA [12] is used to simulate the top pair, diboson WZ®), W*)+jets, and
Z™ +jets processes. Additional dedicated ALPGEN [13] samples are used for the W(*)+jets, and Z'*)+jets
processes in the search for chargino and neutralino associated production. The generator MadGraph [14]
is used for the production of 7V (V = W, Z) events and the production of WWW, ZZZ and ZWW events
(collectively referred to as 'triboson’ or VVV in this note). The expected diboson yields are normalised to
the SHERPA predictions. The top-quark pair-production contribution is normalised to approximate next-
to-next-to-leading-order calculations (NNLO) [15]. The NNLO FEWZ [16, 17] cross-sections are used
for normalisation of the inclusive W+light-flavour jets and Z+light-flavour jets. The expected triboson
and 1tV yields are normalized to NLO. The CTEQ6L1 [18] parton distribution functions (PDFs) are used
with MadGraph and the CT10 [19] PDFs with MC@NLO and SHERPA.

The signal MC samples are produced with HERWIG++ [20]. The yields are normalized to the NLO
cross-section calculated with PROSPINO[21] in the case of electro-weakino production. They are nor-
malized to NLO+NLL accuracy [22] for stop and sbottom production. The most relevant MC samples
have equivalent luminosity (at 14 TeV) of at least 1000 fb~".

7th France China Particle Physics
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1.6 Expected sensitivity

For the analyses discussed in this document, limits are set using a significance-like variable, referred to
as Zy [23], which takes into account the systematic uncertainties on the background. The value of Z, is
required to be larger than 5 for discovery and larger than 1.64 for 95% CL exclusion 2.

The most important sources of experimental systematic uncertainties are due to the energy resolution
and scale uncertainty of jets, leptons and E'T“iss; b-tagging efficiency; pile-up; and the trigger efficiency.
For the dedicated studies at 14 TeV a coarse systematic uncertaintiy of 30% on the estimated sum of
all backgrounds is assumed, which is consistent with the uncertainties found in published searches. The
projection studies assume conservatively that the uncertainties determined for the 8 TeV analysis hold
for the HL-LHC. Theoretical uncertainties on the SUSY yields due to the choice of renormalization and
factorization scales and PDF are not considered in this study.
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