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it SUSY search @13 TeV
CPPM

e 8to 13 TeV cross section increase

Minimum bias |’ 1.2 At 103 cm2s' @ 13 TeV
W(ln) 9 1.6 pp the LHC produces:
Z(W) g==1.7 - 200HzW - Iv
77 9 2.0 - 19HzZ -l
t (s-channel) 9 2.2 - 8Hztop _pair
t (t-channel) = 2.5 - 0.5HzHiggs

WH 2.0
H (ggF) = 2.3
H (VBF) | 2.4

tt _— 3.3

ttz el —
A(0.5 TeV, ggF+bbA) | il 4.0

Main backgrounds : x3-4

stop pair (0.7 TeV) 8.4
gluino pair (1.5 TeV) - 46 ——®» Gluino pair production @1.5 TeV : X 46
Z'SSM (3 TeV) 10
Q* (4 Tev) i J 56
QBH (5 TeV) 370
QBH (6 TeV) s — r —— m——
1 10 100 1000 10000

Possible to discover strongly produced SUSY
beyond Run-1 limits with the 2015 data (3.2 fb~)
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Squarks & gluino searches

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM General presentation

e General discriminant variables

» Irreducible background :

m"v/"v
» Coloured sparticles 8 =
- N | N, (b-)Jets
jets b-jets \‘
m.. .
» R-parity conserving models a 1%
Massive non-interacting particle Jets / leptons
N E miss miss
! EI ~ My
» High gluino / squark masses
= My = > o lep, jets 4 ETmiss N
@
e Background estimates = Vaidation Signa
pi region region

— Predictions checked in Validation Regions
— If dominant, normalized in Control Regions

» Experimental Background : Control T

— Fake lepton / electron charge mis-ID / fake E;™* reglon region

— Data driven estimates

Variable 1
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Squarks & gluino searches
CPPM with leptons

e 0 leptons : Covered by Geert Jan Besjes (previous talk)

Larger branching ratio Less SM background
1 lepton () + E;™* + jets 2 leptons + E;™° 2-] same sign or 3-/ + jets
e Gluino production ¢ Gluino production (Z- II) e Gluino/shottom production
q q

¢ q
w - 1 lepton z - 2 leptons 7 9 Z/EI;V 7 q W

W ) o
Ly
ATLAS-CONF-2015-076 ATLAS-CONF-2015-082 ¢
p ) Wop
e Stop production NEW e Stop production NEW R
Natural SUSY Natural SUSY \5\ X7 @
t t b p p
W w
P> ; ’ ~"/‘ai : )2(1) t
P X1
K~ 2lepton SUSY-2015-09
i S submitted to EPJ C
b
ATLAS-CONF-2016-007 ATLAS-CONF-2016-009

The complementarity of the final states allows to cover
a large spectra of SUSY models
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-076/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-009/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-007/

miss

1 lepton + E; " + jets

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM Signal regions

e Two main channels are considered :
» Soft lepton : 6-7 < p; < 35 GeV

— Soft lepton 2-jets
- Very small Am(g,x°,)

— Soft lepton 5-jets
- Very small Am(X,%,x°%)

» Hard lepton : p;« > 35 GeV

— SR6-jets
- Small Am(g,x° m, ——

(9.X%) g —  SR-jets-x-high

— SR 4-jets x-low :
_ — Large gluino masses —————  SR-5jets
— SR 5-jets All m(x.") covered me.
— SR 4-jets x-high by the three SR —— SR-4jets-x-low
) _ | ——— Soft letpon 5-jets
e Main backgrounds : t, W+jets My

MC normalized with Control Regions

A complete set of six Sighal Regions allows to cover
all masses configurations
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miss

1 lepton + E; " + jets

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

ceem  Results & Interpretation

¢ No significant excess observed : 5 ~a0aWWELE, = (E) - ) /(@) -m(E) ) = 12

All limits at 95% CL .~

;‘ (. T T | T T T | T T T | ¥ T T I T T T | T L] T T L ) T T ¥ T T T T g
[ = imi =
g e . . . : . L & 1400 |- ATLAS Prgslslmmary e e
q:,) 12: ATLAS Preliminary o Data =l Eﬁx' T 1elu+jets+ ET .
> = 1-lepton + jets + E™° == -
RN i nin ﬁ:;ml . : 1200 [— (s=13TeV, 331" W
5 10—"7 B 1 T 4
= F i N [ === soft-lepton 2-jet (obs./exp. X
5 F W Wijets & B pton 2-jet (obs./exp.)
o &= M diboson NN 1000 [—=== 4-jet low-x (obs./exp.) =
g 6 _:_ [l single top |- === 5-jet (obs./exp.) I/&ﬁ.’\,«” X1
Z E Others 800 r 6-jet (obs./exp) o7 w

N N
SUSTTRISSISSL

G2 2G- 200
‘1»\0« X\\g 6«6‘6 6;\6‘6 '.\e‘% 6'\6\ S\ [ ... -
D_‘\e\_% so S S\ ,(\,\0Q ,(,\,\‘aQ 400 600 800 1000 1200 1400 1600 1800 2000
' (o) O m. [GeV]
&’\ S S g
e Exclusion set using simplified Models | owewwifoegyeeoy
&< 1.4 |- ATLAS Preliminary ATLAS 8TeV, 203157 —
o e - lelu+jets+ ESE === s?fet-leoztﬁ: ?? (:fs/eXp-) .
- m%i m7[1) 1 = 12 [ {s=13TeV,3.3fb" ____i-j:e: Liih-;(((:b;/./ef;;).) ~
> W|th X = — E ’\;x' ; T Allimits at 95% CL T 2}:: 22;;,:1;2;; |
M~—M-—o £ o "
g X e ]
' §j 0.8 SR N —
> With m_,=60GeV . 1 : £
1 C 7
0.4 —
Improvement of the exclusion limits 02 :

with gluino excluded up to 1.6 TeV .. o
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CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

Z-1l+ E.™ +jets
SR & Bkg estimation

Signal Region

=
N

vl[l||||I\||||II!IIIIIIIII[III[III‘IIIIL

e EXxcess in Run-1

>
o} L
S)) 123 ATLAS % 22§dard Model
i } =
SUSY-2014-10 '3 ssrauase Sremrsmme
g 10> 7% reers M(E)1=(700,200)GeV ]
3.0 (1 7) e (6)11=(900,600)GeV ]
> . .[)O 8 2
In the ee(l""“) 6:— ® ]
channel i ! ]
» Not observed = LDl ol §
by CMS 82 84 86 83 90 92 94 96 98 100

m, [GeV]

* Run-2 strategy : Check the excess
a g using the Run-1 SR

Z ——p ete [ uty~ pairs

X9
0 }W E,;™* > 225 GeV
1

Z }J H; > 600 GeV
> 2 jets

Irreducible

Detector bkg

Background estimation

Main background (~60%) :
flavour symmetric

» Sources : it (70%), WW (20%), tW, Z - Tt

v

Estimated using ey Control Regions
Same definition as Signal Regions except
larger m, window (more stats)

Zly*+jets bkg (~10%) 3° amasram <o
o ¥s=131TeV, 3.2 f0 } Standard Model (SM)
i : 3 2L+MET+Jets ee+up - Ziy* (from ysiets) il
» Fake E-|-mIss due gm %l:'::z:vmmetric 3
detector resolution g el
» Data Driven 10 .
estimate using ;
E;™ distribution L E
from y+jets events 2,2 " %

& iy

0.5 ‘

Other backgrounds : ¢ = @ w_ a0

» MC only (Validation Regions for WZ / ZZ)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2014-10/

Z- Il + E;™ + jets

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

ceem  Results & Interpretation

® i i — e LA e e B R
Modest 2.20 deviation (N.. /N, = 10/11) b LR B RN )
ik , : Q) 25__ \s =13 TeV, 3.2 b’ %44 Standard Model (SM) _|
= —e— Data 2015 — [qV] = * ; =
@ 100 %44 Standard Model (SM)  —| ~ - SRZee+upn - Saziomyets) 7
W] b 5217‘ 1] Q 20: :I Flavour symmetric ]
;'::Z:ymmemc il = = |:| Rare to =

By reliminary — I —— m(G,%2)=(920,230) GeV |

40 W ARl e, 5. fbny—f 1 5; _______________ mg;EL:gzto:seo; ze:?

20 t —f 1 O:_ """" _:

% [ B s .

& o Al r h
= 5r -
Z 0 5 T T E ]

z§2 ....................................................................................................................................................... = —— [ T T 11111 - =

Tt A " i . 0 82 84 86 88 90 92 94 96 98 100
VRS VR-WZ VR-ZZ VR-3L SR-Z m” [GeV]

e Exclusions set using simplified models N L A
~ (31400 :_ATLAS Preliminary =777 Epecied]mit Glosy) —:
| 2 m(x 2) ~ 700 Gev &= [ 1s=13TeV, 326" SRZ s Observed limit (1 65o) ]
. £1200 — =il
— gluino excluded up to 1.1 TeV - ]
1000 — |
» m(X°,) ~ 200 GeV - ]
. 800 — =
— gluino excluded up to 0.95 TeV - i
600 —
» Worse limits than expected because - ]
. 400 [ —
of the slight excess - ]
oo, (R ANy | _ e

600 1100 1200 1300 1400

m(g) [GeV]
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2] Same sign - 3 leptons
CPPM Signal regions

e Low SM (mostly VV, ttV) allow to use loose kinematic requirements
» Access to the low Am(X;°, §)

» Sensitivity to a large number of different SUSY processes

Focus on : Cascade decays of No b-jets At least 1 b-jet Focus on : Light 3" heavy flavour
light flavour squarks - > squarks (natural SUSY)
A
Ny
>Ifb" X X
-~ =T

b \%’ X1

p
a ¢ w "
4 leptons Jets from W/Z '/ Almost no SM bkg

Signal Region | SROb3j | SROb5) | SR1b | SRab m_=¥p " +p ~ +E™
N >2 [ 22 ] >2

N2 0 | =0 | =1 | =3

Nt >3 >4 =

Eme (GeV] | >200 | > 125 | > 150 ||> 125

mer [GoV] | >550 | >650 | > 550 | = 650
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2] same sign - 3 leptons

CENTRE DE PHYSIQUE DES

ceev | Background estimation

e Detector background : Contribution of tf events due to 3 e wome ]
S 10—_ {s=13 TeV, 3.2 o N SM Total [JFake LeptPns_-
> Fake and non-prompt leptons : light jet mis-ID, b/c quarks S [ vew Qoo R
decays, y conversion E 5 7
— Dominant source : b decays o
% — Fully data driven estimate using =
5 the dynamic Matrix Method of A\
% » Electron charge mis-measurement P e T el
Q — Dominant Charge Flip source : < Mer [GEV]
hard brem y conversion v/ e” £ F Amas | s eocenn
— Data driven estimate : Rl gﬁ?‘fiémns Rew i
using Z- ee events e-/\ e = @z W, 7z @R
e Prompt background : rare processes (WZ, ttZ, ttW)

» MC only

SM

/

» Validation regions : dedicated to WZ, ttZ, ttV

1

Data

Irreducible

2 3
Number of b-jets with pT>20 GeV
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CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

2] same sign - 3 leptons
Results & Iinterpretation

- - > [ T T I T T T I T T I I T T T T T I T T T =
 Ob-jets/=5]etS 3 & dommmimm | aras e Atleast 3 b-jets . —+—+——+—r—
C [0} - miss <
0 F eData i (513 TeV, 3.2 16" 0] F ATLAS SR3b before ET™ cut 3
& 7:_ NSM Total BCharge-Flip i 3 B (s=13TeV, 321" e Data ==
® £ @WZ WW, ZZ gtw, tiZ s ST SM Total @@ Charge-Flip
S 6 OFake Leptons @Rare £ geo SUSY g— tty, Otw, ttZ  [JFake Leptons
R SUSY g— quz%? s F mg=1.2TeV, m.= 0.7 TeV [@Rare mwWz, ww, 7Z -
5: mg=1.1 TeV, m_=400 GeV T} C b ]
= % 4 3
4= g ]
3k 3-
2F 2F
r
I RN 1R
o S
40 60 80 100 120 > 125 0
= 40 60 80 100 120 >125
E e >
L ET® [GeV]
§g production, § — qqWZx[: m(x,) = (m@) + mEDY2, M) = (M) + mx))/2 § g production, §— tix;, m(t) >> m(@)
;‘ L I T I e e o S .'..I""'_'_"""'l" ;‘1100_IIII|IIII|||T|||||!IIIIITT||||T|||||!|||]1[_
8 TATLAS % Observed limit 7] D CATLAS == Observed limit =
= W1 000 |— P —— | Expected limit (1 c.,,) T S 1000 [— S=paclectlimisedie...) =
= E il Gy ATLAS 8 TeV, 20.3 fb™ ] =l it - Vs=13 TeV, 3.2 b —  ATLAS 8 TeV, 20.3 fo =
Bt El=
r ATLAS SS/3L 8 TeV, 20.3 fb' = FE=TE 2;';']—_’"_3 SS/g; f LT_V =0. S iforsie
800 [— L LA i — = O imits at 95% i
il P + All limits at 95% CL 8 800 = L ox . =
b o 3 - % =
— B eI i 700 | —
600 |— T *~\\\ i s : ........................... 5
i i 500 [— =
400 [ s — a60 - =
i i 300 [ =
I ,'" ] 200
oy 0o Loy ] """'l"_ 1OOE||||||||||||\| 3
00 800 900 1800 1100 1200 1300 950 1000 1050 1100 1150 1200 1250 1300 1350 1400
m; [GeV] m; [GeV]



Stop search

CENTRE DE PHYSIQUE DES

ceev 1 lepton signal regions

- -

e Final state close to the one from ti t
» Difficult to extract the signal from bkg P A "
* 3 Signal Regions with exactly 1 lepton and :;:‘ .
different E;™ requirements , I Y" Xa
» Discrimination against W+jets and tt— 1/ ¢
— m; cut above m,,
— Atleast 1 b-jet (for W+jet only) am;,= min .{max[mT@é:ﬁ?’ q;1+11*)’mT(.-'1;l;——-j;&} a)])
4y +qy =y e et

» Discrimination against tt— 2l

— Atleast 4 jets f <4~ undetected
— asymmetric m, /o0 ‘
® O

— topness based tf events x? fit

» Discrimination against multijets O———)
— H:];,S; based on the sum of the lepton and “}' \<

jet vectors and their resolution

» Large radius jets used for boosted W or tops (NEW)

12/04/2016 DIS 2016 12



Stop searches

CENTRE DE PHYSIQUE DES

ceem 2 leptons Signal regions

e Am(t,x#)=10Gev ______ 7, b
— Soft b-jets Soft b-jet 1” : p i
: : =27 el R e %
» No (b-)jets requirements g LT
W(— ¢v) \t: S 2
o Am(X%X%) >> 1 GeV | High-pT e/p p W
—~ 2 boosted leptons & large E;™° Y7 b
» Discrimination against WW and tt . .
— m,,> 145 GeV my=  min_{max[m; (priaz ), m; (pr jar)]

» Discrimination against Z/y+jets

- E ]rzn'ss 04 ff-a’;
— = : —->U.
© 20

miss [, [ Ji Jo
Er +pr+prtpr+pr

» Z+jets | ZW background O—— i —)
— Z mass veto for same flavour leptons E\é

12/04/2016 DIS 2016
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CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

Stop searches
background estimation

Irreducible

Detector bkg

Main background :
tt and W+jets

>

Nb—jets =0
I Npjes= 1
- Nb-jets =2

Stop 1 lepton

amTz [GeV]

Estimated using
Control Regions 175
defined reverting
the m; and the am,,
cut for different b-jet
multiplicities

100

Multijets background

>

v

Due Fake E;™ and jets mis-identified
as leptons

Data driven estimation :
fake factor Method

Other backgrounds :

>

MC only

Stop 2 lepton

e Main background : VV and tt

Irreducible

» Estimated using Control Regions

— tt Control Region :
m+, and R1 (<0.4) on ey events

— VV - llvv Control Region :
m, on ee/yp events with looser my,

e Semi-letptonic tt, single top, W+jets

Detector bkg

» Due to fake and non-prompt leptons
light jet mis-ID, b/c quarks decays, y
conversion

v

Data driven estimate
using the dynamic Matrix Method

Other backgrounds

> MC Only

12/04/2016

DIS 2016
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Stop 1 lepton

CENTRE DE PHYSIQUE DES

ceev Results & Interpretation

* No significant excess observed 5 producton, Gt T ssoft, Ami, 7 - 5 GeV

12008 o Sn i s e, LR RERE

> E?_TLASTPzéliminfatf)( ce b Opcerved limit (£ 1o,) E

iati . P 1100 Vs =13 TeV, 3.2b™ ---- Expected limit (+10,,,) =

» Largest deviation : 2.30 in SR1 S ElLimitat9s%CL [ ATiAS mol 1L Tev, 203 1]

£ 1000 Fobs £

?-; - AT!I_AS Pnlaliminar;, : E‘g‘atg Ip %&I , I E 900 T i S —

= L \s=13 Tev, 3.2 b e Moiots a E DoAY 3

‘5 107 = IIE;taI sm T — 800:_ -«\ ___________________________ -

E,W ; 700;_ __________ _;

"o = 600" &

- 5 500 3

400 =

i3 300:....1....|....|..}‘.|....|....|:=..15....:
= 800 900 1000 1100 1200 1300 1400 1500 1600

'e;, = 1 1 1 1 L 1 1 = m§ [GeV]

= TVR1 WWVR1 TVR2 WWVR2 TVR3 WWR3 SR1 SR2 SR3
?1?1 production, ?1—>t+%? t

e Exclusion limits set using
simplified models

T
....... th

Vs =13TeV,3.2fb" 112 Expeoted limit (+10,,)
E Limit at 95% CL [ ] ATLAS stopiL 8 TeV, 20.3 fb'

EATLAS Preliminary =2 Opserved limit (t0,)

||||||||
=
i
\
=
2o

m_, [GeV]
N
o
o

» Gluino decays with small Am(t; X°,)
- Gluino excluded up to ~1.5 TeV

» Stop pair production : excess in SR1
- Only exclude a small region
at m(t,) ~ 750 GeV

IlII|IlII|IIII|IIIIIIIIIlIIII[IIIIII

N i el i e
600 650 800 850
ms; [GeV]
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Stop 2 leptons

CENTRE DE PHYSIQUE DES

ceev Results & Interpretation

5=13TeV,3.21b" it [ other multi-v
= [ Singletop [N Higgs
[ Reducible [T ttV

e Exclusion limits set using simplified
m Od e I s T L., T m{t,7; 7))=(500,490,1) GeV
—

» Am(t, X = 10 GeV P Q w o P N :
{2 X? 107k g |

stop excluded up to 575 GeV -

e No excess in the Signhal Regions R
0 %54445 Standard Model
P 10* &= SRDF O Z+jels [ VV (Iw)

- -
+ 102 B T
~ Y 3
_~ lad 0 > ~ Xl =0 14

+ — ~ o A
> m(Xl) - 2xm(Xl ) t X1 2 1.21 7

p % oal

o F /]
stop excluded up to 520 GeV W 3 |
b 8060 80 100 120 140 160 180 =200
at high neutralino masses ) (GeV)
?1 ?1 production, i —b f, m(f) =2x m()”go) i f1 production, i —b f. m(ﬂ)—m(f) =10 GeV
;‘ 350 T T T I T T T I T T T 1] T 11 T I T T T 1| T T T I T T 7T I T T T I T T T I T T T ;‘ 500 3 T I LB L I T 1T I1r L I I1 TT1 1T I TTIT 17T .L.l’ i I L B 3 | I T 1171 I TTrTri_])
8 L fs=13Tev, 321" ATLAS Preliminary 5] 450 £ 15=13Tev, 321" .~ ATLAS Preliminary
e [ === Observed limit (1 c5°") All limits at 95% CL ] s === Observed limit (+1 65°S) i All limits at 95% CL
& 300 [~ — Expected limit (+1 ;) g € 400 — Expected limit (+1 G,,p) _,.»’" —;
L — ATLAS 8 TeV, 20.3 fb-1 (2L) [ o —— ATLAS 8 TeV, 20.3 fo-*(2L) =
| B ATLAS 8 TeV, 20.3 fb-1 (1L) e 5 ] E= ATLAS 8 TeV, 20.3 fo ' (1L) 3
250 — 4T ' — 300 o o =
- Tl = Sy 3
E ] 250 T ) —
200 — — 200 % -
] 150 H =
150 — 100 —
g 50 =
. K =
100 | 11 | i 5 i | 111 0 1 .:l N | 111 1
400 420 440 460 480 500 520 540 560 580 600 200 250 300 350 400 450 500 550 600 650 700

m(t,) [GeV] m(t) [GeV]
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CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

Conclusions

* No significant excess in search for squarks and gluinos at 13 TeV

e Exclusions set beyond Run-1 limits, complementary with the 0 lepton searches
https:/itwiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

;‘1400_I|III|III|I\I|III|I\|I|III|I\I|IIII_
© [ ATLAS Preliminary ~""" Olspton axpacted . 1
O] e —— O-lepton observed  _
' 1200 9— A@WX, e 1-lepton expected —
DS i , — 1-lepton observed |
\E’ B \s=13 TeV, 32fbi Run | expected i
1000 « — Run | observed —
0-lepton: ATLAS-CONF-2015-062]
1-lepton: ATLAS-CONF-2015-076

D
800 NS Run I: arXiv:1507.05525 —

........
.
.
o

600

400

T | Bk B | | 50 BN | = ]

200

_I [ p e iy ‘l"'lﬂ el (Bt [ \é [ £ T S 0 5
400 600 800 1000 1200 1400 1600 1800 2000
+ 1 ~ 0

m(;) = 2x(m(@-+m(x}) m(@g) [GeV]

- ATLAS Preliminary
800" G qaWZy,
J0o\s = 13 TeV, 3.2 1

600 z.enees

500

IIIIII’.[IIII

400

300

200

COPPTTTTL T
* o ™
o .
0 .

T T T T T T T T T
-------- >7-10 jets e[xpected
—— >7-10 jets observed
-------- SS leptons expected -
—— SS leptons observed -
-------- Run | expected
— Run | observed
>7-10 jets: arXiv:1602.06194_"]
SS leptons: arXiv:1602.09058 ]|
"x‘ Run I: arXiv:1507.05525

q

_
=

|, q q w

| I | .} 1
800 1090 : 120
m(%,) = 2x(m(@)+m(.))
1
2

m(x,) = PX(mK,)+m ()

Waiting eagerly for more data!

0

1400 1600
m(g) [GeV]
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Auxiliary material



Stop 1L search

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

cePv | Background estimation

e Main backgrounds : single top, tf, W+jets 3
I: Nb-jets=0
» Estimated with MC nomalized in Control Regions £ B Nojes = 1
defined reverting the m; and the am., cut for different 200 B Nojes=2
b-jet multiplicities 17 B N,z 1

» Estimation checked in Validation Regions >
TWCR [WVR WVR-tail !
100 :

e Multijets

» Sources: 0_

_ 100
— Fake E™* A ARLRCE e RIS
_ o - 8 L[ ATLAS |Prenminar;_f‘I +I|:_)ata =
— jets mis-identified as leptons e
) ) ) E 30F- : %?\;Ejg;?smp -
» Data driven estimation : fake factor Method g - aw E
20 % ZATotal SM ]
10— ,éé ¢ % =
LS ==Sd S WY
3 156 ey L ) rae
§ %%W% M
& LA == ] e i Al il T
T T T
: 1:" """"""""""""""""""""""""" L} ".".'i """"""""""" |
30_32_ ! ! [ oy 3
0 100 200 300 400 500
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CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

Back-up
Summary plot

e All results in the gluino I neutralino plane
Different processes considered

12/04/2016

;20001_—|||||||||||||||||||—|:
o " ATLAS Preliminary 1s=13TeV,3.2fb" ]
G, 18001~ G- qaX_, 0-lepton, ATLAS-CONF-2015-062
it - g— qW3_, O-lepton, ATLAS-CONF-2015-062 ]
1% 1600~ G- qAWY., 1-lepton, ATLAS-CONF-2015-076 —
e B g— q@WZY’, > 7-10 jets, arXiv:1602.06194 ]
1400 5 g— qﬁWZ%1, SS leptons, arXiv:1602.09058 ]
B g— tiy’, SS leptons, arXiv:1602.09058 o
1200~ g— tf%1, > 3b jets, to appear ]|
B g—> bby, > 3b jets, ATLAS-CONF-2015-067 ]
1000— -
600-— -
4001~ v
200 -
| | | | | | 1 | | | | | 1 | | H

1000 1200 1400 1600 1800
m(g) [GeV]

DIS 2016
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CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

Back-up
Stop 1L

e Signal / Control Regions 1

Common event selection

Trigger EMSS trigger
Lepton exactly one signal lepton (e, ), no additional baseline leptons.
Jets at least four signal jets, and |A¢(jet;, pr'**)| > 0.4 for i € {1,2}.
hadronic 7 veto events with a hadronic 7 and m7., < 80 GeV.
Variable SR1 TCR1/WCRI1 STCR1
>4 jets with pt > [GeV] (80 50 40 40) (80 50 40 40) (80 50 40 40)
EI™ [GeV] > 260 > 200 > 200

Tosia > 14 > 5 > 5
mt [GeV] > 170 [30,90] [30,120]
amp, [GeV] > 175 [100,200] /> 100 > 200
topness > 6.5 > 6.5 > 6.5
my,, [GeV] <270 <270 <270
AR(b, ) < 3.0 - -
AR(by, by) - - > 1.2
number of b-tags > 1 >1/=0 > 2
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Back-up

CENTRE DE PHYSIQUE DES

PARTICULES DE MARSEILLE St 0 p 1 I

e Signal | Control Regions 2

Common event selection

Trigger ETS trigger
Lepton exactly one signal lepton (e, ), no additional baseline leptons.
Jets at least four signal jets, and |Ag(jet;, pr'>*)| > 0.4 for i € {1,2}.
hadronic 1 veto events with a hadronic 7 and m7., < 80 GeV.

SR2 TCR2 / WCR2 STCR2
>4 jets with pt > [GeV] (120 80 50 25) (120 80 50 25) (120 80 50 25)
EPS [GeV] > 350 > 250 > 200
HPS > 20 > 15 > 5
mt [GeV] > 200 [30,90] [30,120]
amr> [GeV] > 175 [100,200]/ > 100 > 200
AR(b, ) <2.5 - -
AR(by, by) - - >1.2
number of b-tags > 1 >1/ =0 > 2
leading large-R jet pt [GeV] > 200 > 200 > 200
leading large-R jet mass [GeV] > 140 > 140 >0
Ag(pmss, 2 ]arge-R jet) > 1.0 > 1.0 > 1.0
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e Signal | Control Regions 3

Back-up
Stop 1L

Common event selection

12/04/2016

Trigger ETS trigger
Lepton exactly one signal lepton (e, u), no additional baseline leptons.
Jets at least four signal jets, and |Ag(jet;, pr'>*)| > 0.4 for i € {1,2}.
hadronic 7 veto events with a hadronic 7 and m7., < 80 GeV.

SR3 TCR3 / WCR3 STCR3
>4 jets with pr > [GeV] (120 80 50 25) (120 80 50 25) (120 80 50 25)
ETSS [GeV] > 480 > 280 > 200
Hﬁﬁ; > 14 > 8 > 5
mr [GeV] > 190 [30,90] [30,120]
amry [GeV] > 175 [100,200] /> 100 > 200
topness |GeV] > 9.5 > 0 > 9.5
AR(b, ) <2.8 - -
AR(bl, bz) - - > 1.2
number of b-tags > 1 >1/ =0 > 2
leading large-R jet pt [GeV] > 280 > 200 > 200
leading large-R jet mass [GeV] > 70 > 70 > 70
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CPPM

Back-up
Stop 1L

Con

trol Region plots (STCR1)
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SR Yields

12/04/2016

Back-up
Stop 1L

Signal region SR1 SR2 SR3
Observed 12 1 1
Total bkg 550+ 0.72 | 1.25+£0.26 | 1.03£0.18
tt 2.21+0.60 | 0.29 £0.10 | 0.20 £ 0.07
Single top 0.46 = 0.39 | 0.09 £0.08 | 0.10 £ 0.09
W +jets 0.714£0.43 | 0.1575:12 | 0.20 £0.09
tt+W/Z 1.90 £0.42 | 0.61+0.14 | 0.41 +0.10
Diboson 0.23+0.15 | 0.11 £0.07 | 0.12 £0.07
tt NF 1.104+0.14| 1.0640.14| 0.80+0.13
Single top NF 0.62+0.46| 0.65+0.49| 0.7140.42
W +jets NF 0.75+0.12| 0.78+£0.15| 0.9340.12
tt + W/Z NF 1.4240.24| 1.4540.24| 1.46+0.24
PO 0.01(2.30) | 0.50 (0.0¢) | 0.50 (0.00)
NHEmit o exp. (95% CL)|  6.415%2 3.6172% 3.51773
NEmit o obs. (95% CL) 13.3 3.4 34
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Signal Region

=i
[6)]

Bac
Sto

yields
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o
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ATLAS Preliminary
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Back-up

PARTICULES OF MARSEILE 1 I e pt O n + E miss + j et S

e Main backgrounds : tt, W+jets Example : soft lepton 2-jets
S S sEnaa N anaes B GTERNEE
» MC normalised with Data in & a0 AL RCITnaly £
Control Regions (CR) e Col=il ity -
140 -
> Extrapolation to SR validated in ~____...-e--eee- e iy g E
Validation Regions (VR) 100/ :
802— - _i
s CR VR ET™ 2
ATLAS Preliminary e Data B Diboson . 602_ =
e WT et aof

i P (S I TR MO M | (S I o (SR U (L I
300 400 500 600 700
E™ss [GeV]

B

Number of events

| . ) e
B W+jets

i ATLAS Preliminary - Data @ Diboson
E \s=13TeV,33 " ZZ Total SM g it 10t
@ Soft-lepton 2-jet it Others

= Wa+jets CR

Events / 90 GeV
3333

s = 3 3 5 &
= & 3 r3 1
* Sub-dominant backgrounds : _ 1o
- - 2} CRGLRES LR R R B T T T -]
Z+jets, VV, single top o : : . .
o] -
© i
(] = 1 L 1 1 1 1 1 Il
> MC Only %50 300 350 400 450 500 550 600 650 70

ET® [GeV]
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Back-up

miss

CENTRE DE PHYSIQUE DES

ceem 1 lepton + E;

+ jets

100 150 200 250 300 350 400 450 500
m, [GeV]

e Overall good data/MC agreement > 10° g e
8 ATLAS Preliminary - Data =\I!)\1g£:)estcs)n 3
e Largest deviation (~ 20) : SR 6-jets =T i s % Total SM g Single top _|
by Hard lepton 6-jet tt Others 3
» Electron : Ny(Ne,,) =2 (1.9 + 0.6) 2 . :
(O] 10 =
> 3
> MUON : Nypo(Noy) = 8 (2.5 + 0.8) i TR W
1
.
o 14 T T T /| T -
TSR E ok,
— [~ _¥s=13TeV,3.31b tt i T T T 5 [ LR T T T
g 105 B Wiijets \\E ?) 2 ¢ =
.g 8:_ M diboson ; ] % / L A
- [l single to P! 2
2 6:_ Oths:erst g 8 : /( /?
4:_ 0|||||A||||x|||x||||||||||n|||x||||||||||||x|||||

“ Nyred) / Oyt

No significant deviation from SM
— Results used to sets limits
on simplified SUSY models

4jets x-low
SR 5-jets
SR 6-jets
Soft-lep 2-jets
Soft-lep 5-jets
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1 lepton + E;

Back-up

miss

+ jets

e Exclusion set using simplified Models 3
.
m.,.—m. 1
> With x=—+— ==
m~g_m%o 2
— Soft leptons 2-jets : small Am(g,X,°)
— SR 5-jets : large Am(G,X;°) 1
— SR 6-Jets : 20 excess
— No improvements wrt Run-1 Beyond
> With m_,=60GeV Run-1 limits _
1 E‘ix
. j
— SR 5-jets : x [0.3-0.8] =
1S
— SR 4-jets x-low : x [0.05-0.5] £
Improvement of the exclusion in almost all
the possible configurations with

gluino excluded up to 1.6 TeV

~0
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T 1 I | S

= ATLAS Prellmlnary

r 1 e/u+JetS+ET
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Back-up

1 leptons results
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12/04/2016

Back-up
1 lepton SR definitions

2-jet soft-lepton SR

5-jet soft-lepton SR

Nep =1 =1

pr™) (GeV) 7(6) - 35 7(6) - 35

p2e® (GeV) < 7(6) < 7(6)

Niet > 2 > 5

pr (GeV) > 180, 30 >{200, 200, 200} 30, 30

EF™ (GeV) > 530 [> 375

mt (GeV) > 100 -

Eiiss [ypincl > 0.38 -

Hr (GeV) —

Jet aplanarity - > 0.02

4-jet high-x SR 4-jet low-x SR 5-jet SR 6-jet SR
Niep =1 =1 =1 =1
T (GeV) > 35 > 35 > 35 > 35
P2 (GeV) < 10 < 10 < 10 < 10
j\]rjet 2 4 2 4 2 5 2 6
pr (GeV) > 325, 30,... , 30 >1325, 150.... , 150 | > 225, 50,... , 50 > 125, 30,... , 30
E==(GeV) > 200 > 200 > 250 > 250
mt (GeV) > 425 > 125 > 275 > 225
[miss [y incl > 0.3 - > 0.1 > 0.2
mi (GeV) > 1800 > 2000 > 1800 > 1000
Jet aplanarity - > 0.04 > 0.04 > 0.04
DIS 2016
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Back-up
1 lepton SR yields

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

Hard-lepton Soft-lepton
4-jet low x 4-jet high = 5-jet G-jel 2-jet 5-jet
Observed events 1 0 0 10 2 9
Fitted background events 1.3+0.5 0.9+0.5 1.3+ 0.6 4.4+ 1.0 3.6 +0.7 7.7+1.9
i 0.40 £0.31 0.08 = 0.07 0.39 =0.24 2.5 x£09 0.64 =0.33 3.6+1.2
Wjets 0.19 +£0.12 0.7+£0.5 0.16 = 0.12 0.22 £ 0.15 1.9+0.5 254113
Z+jets 0.046 &= 0.024 0.029 4 0.028 0.08 £ 0.04 0.08 £ 0.08 0.49 £ 0.13 0.09 £ 0.05
Single-Top 0.5 +0.5 0.04p-1 0.227533 0.5+04 0.16 £ 0.14 0.43 + 0.34
Diboson 0.061] oa 0.00215 505 0.38 % 0.24 0.9 £ 0.5 0.39 £ 0.17 1.040.7
4V 0.050 = 0.022 0.025 +£0.013 0.060 £ 0.030 0.24 4+ 0.08 0.088 £+ 0.029 0.067 = 0.025
Background yield , o ,
_ : 1.7 1.1 1.6 5.2 4.0 9.4
from simulation
it 0.80 0.26 0.63 3.2 (.93 4.1
W +jets 0.20 0.7 0.22 0.32 1.9 3.8
Z+jets 0.046 0.029 0.08 0.08 0.49 0.09
Single-t 0.5 0.04 0.22 0.5 0.16 0.43
Diboson 0.06 0.002 0.38 0.9 0.39 1.0
iV 0.050 0.025 0.060 0.24 0.088 0.067
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Back-up

CENTRE DE PHYSIQUE DES

=% 1 lepton Exclusions

§-G >aq0aWWR 7., x= (m() - m(T.))/ (m@) - m(E) ) = 112 3G ~>qqaqWWE. 7., m(t.) = 60 GeV
;‘ o e | I =t I [ | IrnslEn] I Ie=si=] I Iegle= il sl =l ] el = o~ E I | I I I I I I ! I I I I | [ I I | [ I I |
& 1400 - ATLAS Preliminary amassTev, 203’ ] 2% 1.4~ ATLAS Preliminary ATLAS8TeV, 203107
g?; [ lelu+jets+ E:lss . i élm - Telu+jets + E:lss s Observed lmit (+1 GtshUSY) 5
1200 — (s=13TeV, 3.3 10" (e 121 fe=13Tev, 331 So-. Expectedlimit (10, ) -
- s Observed it (+1.6,, 1) 4 ~_ [ AMimisatos%cl §
= = X e e o L o0 S0 o (oot st Gt o 4 o sl s ]
1000 | -~ - Expected limit (+1 Gyl i g 1 - =
B L@g‘)\’ B %3 i 7
gop [ Alimisatescl " 1 € 081 oy
E g 1 Il : :
[ 1 x i g
600 [ . 05 =
400 - . 048 E
200 - — 02/ &
; Ll | | || | E= Bl | S ] I |5 5| | Ll L ; ul | B | | | S [ | : 0 E | | | b | | l | | | | | | | | | | i
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e EXxcess in Run-1: SUSY-2014-10

_I|||I|I||||I||[I||\II|III||||||II|IIIJ|_

>

[¢b]
. S [ ATLAS B i
» 3.0(1.7) o in the ee(uy) channel SET oo %?fé‘?ﬁﬁiﬁ”ﬁiﬂmc -
S - ) : Other Backgrounds ]
» Not observed by CMS 2 10‘_SR'Z e l:l mt(%),uf(mkcizoo;;ev_‘
o - wns M (Q) 1=(900,600)GeV |
e Run 2 strategy : Check the excess s —
reproducing the same SR S e ot I E
» ete /[ty pair with : 43_ B
— P,;>50/25GeV . : | :
— m,[81- 101] GeV sl A g ] e %]
. . - 4 96 98 100
» =2 jets with AD,, (E;ms, jets) > 0.4 m, [GeV]

> E,ms > 225 GeV and H; > 600 Ge
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* SRYields: D 350 ATLASPrelminary-e omons | 3 [ ATLASProiminary—eomaots | -
g [ \s=13TeV,32f"  __ Standard Model (SM) 5; \s=13TeV,321f"  %Z% Standard Model (SM) _]|

> Nops (Neyo) =21 (10.3 +/- 2.3) « 305_ee+w W zr Gomyey ] [ SRZeesm Eiﬁ:fﬁ:jﬂc .

49 25:_ D Flavour symmetric _: 0:_ l:l Rare top _:

> Nee / N = 10 / 11 qc_) L [ JReretop ] E CJwzzz 5

HH Lﬁ 20 [Jwzzz - 50 —— mEF)=(920,230) GeV |

. . E ] S m(G7;)=(940,660) GeV |

» Significance : 2.20 15F { - ' Reanitine

F 1 OF : ]

. 10F i R : il

e Interpr ion - o | i ]
terpretatio i e # E

. : (| b | g | 9T : .

» m(X°,) ~ 700 GeV : | g :

. O 0 |y oo ;
. g|U|n0 excluded Up to 1.1 TeV 50 100 150 200 250 300mi5[ge§1-/(])0 82 84 86 88 90 92 94 QGm??G1eO\/]

~r 200! 0
99, 9— 9%, X,— ZX,

> m(X02)~ZOOGeV = C | L. 00 O S0, . L2801 AT L
. 81400 imi L_-- Expected limit (+10,,,) it
— gluino excluded up to 0.95 TeV % e P o
E1200 — == -
» Worse limits than expected because - . :
: 1000 |— i ! -
of the slight excess e ( i
800 — ,i =
600 |5 ’ ,// -
/ ]
400 ," -
20051 Sl INBAa i . 1 i rT/|/|l ,| PUESl  il AEarr l__
600 1100 1200 1300 1400

m(g) [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2014-10/

CENTRE DE PHYSIQUE DES

PARTICULES DE MARSEILLE Z —> I I + E Tmiss + jEtS

PrTEI s aer B U SRR S S e
N = e

» Sources : tt (70%), WW (20%), tW (8%), Z - 1t =10 " MEaLR = " v

« Z/y* (from y+jets M i) lavour symmetric

. . . = = \:|Raret0p
» Estimated using ep Data Control Regions 2 J'>j102 ez i
— Same kinematics as Signal Regions

except larger m, window (more stats) .
o Zly*+jets background (~10%) : 7
» Fake E;™* due detector resolution - i | e
» Estimated using E;™* distribution from y+jets i e s I . , B

0 50 100 150 200 250 0 50 100 150 200
EM's® [GeV]

— Selection : N, =1, Ny, =2

T
—e— Data 2015
7422 Standard Model (SM)

— Yy reweighted to Z p;

— Normalised dedicated CR
e E.™° <60 GeV

E zy
[ Flavour symmetric
1 Rare top
O wzizz
ATLAS Preliminary

\s=13 TeV, 3.2 b’

II[IMIIIIII|III|I

e All other kinematic SR requirements ; A
e Other Backgrounds (~30%) : WZ, ZZ, ttV etc ... = s .L .
» MC Only + dedicated WZ and ZZ validation in Data =2 T S e e
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Back-up

CENTRE DE PHYSIQUE DES

Com_ Z*MET SRIVR definitions B

Region Efrniss Hy Hiets My SF/DF Ao¢(jety,, p%iss) mr (43, E%‘iss) bjets
[GeV] [GeV] [GeV] [GeV]

Signal regions

—p SR7Z =25 > 600 o2 Sl mg = 101 SF > 0.4 = -

Control regions

7 normalisation < 60 > 600 =2 ¢l w101 SF > 0.4 - -
CR-FS > 225 =600 = > 2 "6l < w121 DF > 04 = -
CRT =925 - >6000- =2 e (81 101] SF > 0.4 - -
Validation regions

VRZ =200 o ¢ 1] SRS B B Al 1 | SF — 4 - -
VRT 100200 >600 >2  my ¢ [81,101] SF > 0.4 B .
VRS 100-200 >600 >2 81 <my <101 SF > 04 - -
VR-FS 100200 =600 =2  6l=mg= 121 DF =04 - -
VR-WZ 100-200 - - - 3/ - < 100 0
VR-Z77 < 100 - - - 4/ - - 0
VR-3L 60-100 >200 >2 81 <my <101 3/ > 04 - :
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Z+Met SRIVR Yields

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

SR/ VR Yields
SR7Z VRS VR-WZ VR-Z27 VR-3L
Observed events 21 56 89 20 7
Total expected background events 10.3+£2.3 52.6+9.1 87+ 10 15.5 4+ 3.4 6.5+ 1.6
Flavour symmetric (tf, Wt, WW and Z — 77) events 51+2.0 189448 1.3+04 0 0.34+0.2
WZ/ZZ events 2.9+0.8 75+ 1.7 82+ 10 155+ 3.4 49+£1.6
Z/~* + jets events 1.9+£0.8 248+7.6 27428 0 0.2+0.2
Rare top events 0.4+£0.1 1.44+0.2 0.9+04 0.04 + 0.02 1.0 4+ 0.1
p-value 0.013
Significance 2.2
Observed (Expected) S 20.0 (10.2137)
Systematics
VRS VR-WZ VR-ZZ VR-3L
56 39 20 7
52.6 + 9.1 87 + 10 15.5 4+ 3.4 6.5+ 1.6
18.9+£48 1.3+04 0 0.3 £0.2
754+ 1.7 82410 15.5+£ 3.4 4.9+ 1.6
2484+ 7.6 27+£28 0 0.2 £0.2
1.44+0.2 0.9+04 0.04 £ 0.02 1.0£0.1
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oM Z+MET Kinematic plots
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= 2ssI31 VR DeflYields
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G 2ssI31 SRIVR yields

SR yields

SROb3;j SRODb5;j SR1b SR3b

Observed events 3 3 7 1

Total background events 1.5+04 0.88 +0.29 45+1.0 0.80 + 0.25

p(s =0) 0.13 0.04 0.15 0.36

Fake /non-prompt leptons < 0.2 0.05+£0.18 08+08 0.13+0.17

Charge-flip — 0.02 +0.01 0.60 +0.12 0194006

W 0.02 +£0.01 0.08 + 0.04 1.1+04 0.10 £ 0.05

ttZ 0.10 £ 0.04 0.05 £ 0.03 0.92 + 0.31 0.14 £ 0.06

Wz 0.48 + 0.20 0.18 £ 0.11 < 0.02

WEWw;j; - 0.12 + 0.07 0.03+£0.02 < 0.01

A < 0.03 < 0.04 < 0.03 < 0.03

Rare 0.14 £ 0.08 0.07 £ 0.05 0.8+04 0.24 £0.14

N3, (V) 5.9 (4175) 6.4 (3.6717) 85 (6.0729) 38 (7))

ooPs [fb) 1.8 2.0 2.8 1.2

VR yields
VR-WW VR-WZ VR-ttV VR-ttZ

Observed events 4 82 19 14
Total background events 3.4+0.8 98 + 15 121427 9.7+25
Fake/non-prompt leptons 0.6 £0.5 8+6 21+14 0.6 +1.0
Charge-flip 0.26 +0.05 — 1.14 £0.15 —
tw 0.054+0.03 0.25 £ 0.09 24£0.8 0.10+0.03
tt7 0.02 4+ 0.01 0.72 + 0.26 39+1.3 6.3+2.1
Wz 1.0+ 04 78 £13 0.19 + 0.10 1.2+04
WEW=jj 1.3+0.5 - 0.02 + 0.03 -
zZzZ 0.02+0.01 824+28 0.12+0.15 0.30 +0.19
Rare 0.10 +0.05 28+14 23+1.2 1.1+0.6
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2ssl3l Systematics

SROb3; SROb5; SR1b SR3b

Diboson theoretical uncertainties 23% 16% 1%  <1%
ttV theoretical uncertainties 3% 4% 13% 9%
Other theoretical uncertainties 5% 3% 9% 15%
MC statistical uncertainties 11% 14% 3% 6%
Jet energy scale 12% 11% 6% 5%
Jet energy resolution 3% 9% 2% 3%
b-tagging 4% 6% 3% 10%
PDF 6% 6% 6% 8%
Fake/non-prompt leptons 18% 20% 18% 21%
Charge flip — 1% 3% 8%
Total background uncertainties 30% 34% 22% 31%
Total background events 1.5 0.88 4.5 0.80
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