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SUSY - Patching the Standard Model

« The physics we want ... ;

— Particle dark matter HQ H_
— Unification of forces

— Solution to the 8 TeV Run-I stop mass limits
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» The models we look for ... . -

— Simplified Models p Ny
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ATLAS - Our Scope for Spotting SUSY
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SUSY Searches at ATLAS - Status Quo
« ATLAS' rich SUSY physics program searches for...

— ... (1st/2nd generation) squarks and gluinos

— ... 3" generation squarks

— ... electro-weak gauginos

— ... (1st/2nd generation) sleptons

— ... 3"d generation sleptons

— ... long-lived sparticles (e.g. charginos, R-hadrons)

« All public results are here

« Focus on two searches:
— OL-(2-6)Jets, strong for inclusive squark/gluino searches

— Stop-2L, strong for direct stop production
universitétbonnl
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Y Searches at ATLAS - Status Quo

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

May 2017 Vs=7,8,13TeV
Model 6Ty Jets ET™ [Lanm™) Mass limit Vs=7,8TeV [ Y5=13TeV Reference
MSUGRA/CMSSM 03e,u/t27 2-10jets/3b Yes 203 1.85TeV.  m(@)-m(z) 1507.05525
, Goghl 0 2-6jets  Yes  36.1 m(¥})<200 GeV, m(1* gen. §)=m(2™ gen. ) ATLAS-CONF-2017-022
n % , §—g¥] (compressed) mono-jet  1-3 !ets Yes 32 m(g)-m(E})<5 GeV 1604.07773
= = : g—)qq)(l 0 2-6jets  Yes  36.1 mF)<200 GeV ATLAS-CONF-2017-022
> g —qats _>qurx, 0 26jets  Yes  36.1 m(E})<200 GeV, m(¥*)=0.5(m(¥})+m() ATLAS-CONF-2017-022
% & & zoaalet/vy 3eu 4jets - 36.1 m(¥})<400 GeV ATLAS-CONF-2017-030
82, §oqqWZX] 0 7ljets  Yes 361 mErY) <400 GeV ATLAS-CONF-2017-033
e 2 GMsB(ZNLSP) 1274016 02jels  Yes 82 1607.05078
o 3 GGM (bino NLSP) 2y - Yes 32 cr(NLSP)<0.1mm 1606.09150
— o GGM (higgsino-bino NLSP) v 1b Yes 20.3 1.37 TeV m(¥1)<950 GeV, cr(NLSP)<0.1 mm, u<0 1507.05493
e S g !
S = GGM (higgsino-bino NLSP) Y 2 jets Yes 13.3 m(£})>680 GeV, cr(NLSP)<0.1 mm, >0 ATLAS-CONF-2016-066
o GGM (higgsino NLSP) 2e,u(2) 2jets Yes 203 m(NLSP)>430 GeV 1503.03290
E. Gravitino LSP 0 monojet  Yes 203 m(G)>1.8 x 10 eV, m(z)=m(g)=1.5TeV 1502.01518
@ 5 AR 0 3b  Yes 361 m(E)<600GeV ATLAS-CONF-2017-021
:” € 82 31k O-tep 3b Yes  36.1 ML) <200 GeV ATLAS-CONF-2017-021
€ S0 28, goobill 0-1eu 3b Yes  20.1 m(¥})<300 GeV 1407.0600
S biby, bi—b%) 0 2b Yes 361 _ m(¥)<420 GeV ATLAS-CONF-2017-038
<
5 % S biby, bl—)m 2e,u(SS) 1b Yes 361 B . 275-700 GeV m(¥})<200 GeV, m(¥5)= m(¥})+100 GeV ATLAS-CONF-2017-030
o S8 fn,fobit 02e,u 126 Yes 47133 |# [117-170 GeV [N 1200-720 GeV! m(FF) = 2m(E), miF))=55 GeV 1209.2102, ATLAS-CONF-2016-077
() 8'3 1 t;—»Wb/h or i) 0-2e,u 0-2jets/1-2b Yes 20.3/36.1 & 90-198 GeV [ 205-950/ GV m()=1GeV 1506.08616, ATLAS-CONF-2017-020
2 S8 77, 0 0 monoet  Yes 32 [GIIIIIIIIIN90-323GeV! m(i)-m(#)=5 GeV 1604.07773
(/3) &8 77 (natural GMSB) 2eu()  1b  Yes 203 |# 150-600 GeV. m@)>150GeV 14035222
T = hbhhoh+Z 3eu(2) 1b Yes  36.1 . . 290-790 GeV mE2)=0 GeV ATLAS-CONF-2017-019
g B hh.hon s 2
(&) by, hofy +h 1-2e,u 4b Yes 361 |& . 320-880GeV miE)=0 GeV ATLAS-CONF-2017-019
e} B rbg, P-ed) 2ep 0 Yes 361 ATLAS-CONF-2017-039
=] )Z{)?{,)Z} —Ev(tv) 2epu 0 Yes 361 , m(Z, 7)=0. 5(ma," +m0{° ATLAS-CONF-2017-039
o uy RS, X 1), Ko —Fr(v) 27 - Yes 361 m(E})=0, mi(r 5)-0.5(m(E )+metd) ATLAS-CONF-2017-035
(2] = B )(, T _m,_ve,_e(w) EVELEGY) 3en 0 Yes  36.1 m(¥E)=m(B3), m(¥)=0, m([ 5(m(¥E)+m (7)) ATLAS-CONF-2017-039
®© T} 2 )ﬁﬂW){ 70} 23e,p  02jets  Yes 361 meE)=m(i3), miE)=0, Z decoupled ATLAS-CONF-2017-039
2 © "6 —)W)(lh))] h—bb/WW/Tt/yy ey 02h  Yes 203 [HLE m(E)=me3), m(#3)=0, Z decoupled 1501.07110
) X3, ¥y 3 —lrt dep 0 Yes 203 x“,_, 635 GeV mE9)=m(E3), m(¥)=0, m(Z, )=0.5(m(¥3)+m(¥})) 1405.5086
g GGM (wino NLSP) weak prod., )Koﬁyc Tepu+y - Yes 20.3 W 115-370 GeV cr<imm 1507.05493
[0) GGM (bino NLSP) weak prod., ¥{—-yG 27 - Yes 203 |w 590 GeV cr<imm 1507.05493
2 Direct ¥{¥; prod., long-lived X7 Disapp. trk 1 jet Yes  36.1 meE)-mED)~160 MeV, 7(¥;)=0.2 ns ATLAS-CONF-2017-017
c Direct ¥1¥] prod., long-lived X7 dE/dx trk - Yes 184 |XF 495 GeV m(EF)-m(E))~160 MeV, 7(£7)<15 ns 1506.05332
o) g o Stable, stopped g R-hadron 0 1-5jets  Yes 279 z m(¥)=100 GeV, 10 us<7(z)<1000 s 1310.6584
= =2 Stable z R-hadron trk - - 32 1606.05129
= c',,'% Metastable g R-hadron dE/dx trk - - 3.2 m(%})=100 GeV, 7>10 ns 1604.04520
§ s 8 GMmsB, stable %, X1, ﬁ)+‘r(e ) 12p - - 194 |2 10<tanp<50 1411.6795
-— = GMSB, Xl—vyc long-lived i 2y - Yes 20.3 e 1<1(¥)<3 ns, SPS8 model 1409.5542
= @1 —eev/epy/upy displ. ee/ep/pp - - 20.3 f} 7 <cr@)< 740 mm, m(z)=1.3TeV 1504.05162
O GGM g3, ¥]-ZG displ. vtx +jets - - 203 |4 6 <cr(f))< 480 mm, m(z)=1.1TeV 1504.05162
c LFV pp—s¥, + X, ¥r—ep/et/ut epet.ut - - 3.2 ,1=0-11, Aigzy133/239=0.07 1607.08079
6 Blllnear RPV CMSSM 2e,u(SS) 0-3b Yes 20.3 m(g)=m(g), crzsp<1 mm 1404.2500
o dep - Yes 133 m(E)>400GeV, 41420 (k = 1,2) ATLAS-CONF-2016-075
— T W B s rrve,etv, Beu+t - Yes 203 mED)>0.2xm(E), Ai3s#0 1405.5086
4 n>. %3 8-qaq 0 4-5large-Rjets - 14.8 BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2016-057
; 3z, g—"lll)(l, YO - qqq 0 4-5large-Rjets - 14.8 ATLAS-CONF-2016-057
= g1y, ¥ > qaq 1eu 8-10jets/0-4b - 36.1 1 TeV, 2112#0 ATLAS-CONF-2017-013
= s goht, iobs lep 8-10jets/0-4H - 36.1 TeV, 133 %0 ATLAS-CONF-2017-013
%) 1, fi—bs 0 2jets+2b - 15.4 ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
9 fi, f—obe 2epu 2b - 36.1 BR(7 —>be/n)>20% ATLAS-CONF-2017-036
E Other Scalar charm, Earj«’f 0 2¢ Yes 20.3 e 510 GeV m(¥})<200 GeV 1501.01325
i ) . s L . P | . s L A
*Only a selection of the available mass limits on new states or 101 1 '
phénomena is shown. Many of the limits are based on 0 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.
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Y Searches at ATLAS - Status Quo

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

May 2017 Vs=7,8,13TeV
Model 6Ty Jets ET™ [Lanm™) Mass limit Vs=7,8TeV [ Y5=13TeV Reference
T T T —— T T T —
MSUGRA/CMSSM 0-3eu/1-27 2-10jets/3b Yes 203 | 1507.05525
ATLAS-CONF-2017-0
0 e 07773
2 2 0 2-6 jets 36.1 m(¥1)<200 GeV ATLAS-CONF-2017-022
>S5 2 —qgs —gqW*R 0 26jets Yes  36.1 m(E?)<200 GeV, m(E*)=0.5(m(¥})+m(z)) ATLAS-CONF-2017-022
& qgX1 =gqW=X1 1
n % TITE 20 ’ o vasia o
Q © &8 §oagWZhi 0 7-1jets  Yes  36.1 mer) <400 GeV ATLAS-CONF-2017-033
o = GMSB (ZNLSP) 127401 O2jets  Yes 3.2 1607.05979
o 3 GGM (bino NLSP) 2y - Yes 32 r(NLSP)<0.1mm 1606.09150
e S  GGM (higgsino-bino NLSP) Y 1b Yes 203 1.37 TeV m(7})<950 GeV, cr(NLSP)<0.1mm, u<0 1507.05493 1 7 S U SY
S =  GGM (higgsino-bino NLSP) b4 2jets  Yes 133 m(¥))>680 GeV, cr(NLSP)<0.1 mm, u>0 ATLAS-CONF-2016-066
o GGM (higgsino NLSP) 2eu(2) 2jets  Yes 203 m(NLSP)>430 GeV 1503.03290 CO N F N t
E. Gravitino LSP 0 mono-jet  Yes  20.3 F'2 scale 865 GeV m(G)>1.8 x 10 eV, m(g)=m(3)=1.5TeV 1502.01518 O eS
© § B 30l 0 3b  Yes 361 m(Z})<600 GeV ATLAS-CONF-2017-021 .
OE gz gl Oleu  3b  Yes 361 m(E)<200GeV ATLAS-CONF-2017-021 N 2 0 1 7 ,
e T 00 7z gobiti 0-1e,u 3b Yes  20.1 m(¥))<300 GeV 1407.0600
g_ es biby, l}1—>bj?§ 0 2p Yes  36.1 m(,i?‘)<420 GV ATLAS-CONF-2017-038 Tocu S o n two
7 X .S gumipplpbp—yii ATLAS-CONF-2017-030
o S3 —b¥y 02e,p 126 Yes 4.7/13.3 117-170 GeV m(EE) = 2m(E), m(ER)=55 GeV l 1209.2102, ATLAS-CONF-201
[} 8'8 P or ;° 0-2 e, 0-2jets/1-2b Yes 20.3/36.1 1 Vv ¥))=1GeV. 1506.08616, ATLAS-CONF-2017-020
% €8 fi—>cX] 0 m(i)-m(¥1)=5 GeV 1604.07773
a &8 77 (natural GMSB) 26,u(2) 150-600 GeV. m(Z)>150 GeV 1403.5222
T = hbhhoh+Z 3eu(2) 1b Yes  36.1 . . 290-790 GeV mE2)=0 GeV ATLAS-CONF-2017-019
g B hh.hon s 2
(&) by, hofy +h 1-2e,u 4b Yes 361 |& . 320-880GeV miE)=0 GeV ATLAS-CONF-2017-019
! B plig, I 2ep 0 Yes  36.1 ATLAS-CONF-2017-039
=] XL, Xy - Bv(ev) 2epu 0 Yes 361 , m(Z, 5)=0.5(m(¥)+m(¥))) ATLAS-CONF-2017-039
o TR0, X} > 7v(e9), Ky —(9) 27 - Yes 361 mE})=0, mi(r, 5)-0.5(m(E +mied) ATLAS-CONF-2017-035
(2] = B XX ILvELEwY), EVELEGY) 3en 0 Yes  36.1 m(TE)=m(B3), m(¥})=0, m(Z, »)=0.5(m(¥%)+m(¥})) ATLAS-CONF-2017-039
®© oL ~EHW)ZEZ?0 23ep  O2jets  Yes 361 mEE)=m(E3), m(E?)=0, Z decoupled ATLAS-CONF-2017-039
2 ° ;zg)z qw)zlhx'l,’, h—bb|WW/Tt/yy ey 0-2b Yes 203 |¥LE m(EE)=m(B3), m(¥})=0, Z decoupled 1501.07110
) X3, ¥y 3 —lrt e 0 Yes 203 ij,_, 635 GeV' ME3)=m(E3), m(E})=0, m(Z, %)=0.5(m(¥3)+m(¥})) 1405.5086
; GGM (wino NLSP) weak prod., ¥ —yG 1e.n+7 - Yes 203 W 115-370 GeV cr<tmm 1507.05493
[ GGM (bino NLSP) weak prod., ¥{—-yG 27 - Yes 203 |W 590 GeV cr<tmm 1507.05493
= Direct £ %7 prod., long-lived ¥} Disapp.trk  1jet  Yes 361 [ m()?,’)—m@g)ﬂso MeV, r(#1)=02 ns ATLAS-CONF-2017-017
Direct ¥1¥] prod., long-lived X7 dE/dx trk - Yes 184 |XF 495 GeV m(EF)-m(E))~160 MeV, 7(£7)<15 ns 1506.05332
c i !
o) g o Stable, stopped g R-hadron 0 1-5jets  Yes 279 z m(¥1)=100 GeV, 10 us<7(§)<1000 s 1310.6584
= =3 Stableg R-hadron trk - - 32 1606.05129
=~ & Metastable g R-hadron dE/dx trk - - 3.2 m(¥)=100 GeV, r>10 ns 1604.04520
g s 8 GMSB, stable 7, F 7@, f)+r(e, ) 1-2u - - 191 |8 10<tanB<50 1411.6795
= = = GMSB, ¥)—yG, long-lived 1} 2y - Yes 203 |® 1<7(2)<3 ns, SPS8 model 1409.5542
= 58, X3 —eev/enviuy displ. ee/ep/pp - - 20.3 f} 7 <cr@)< 740 mm, m(z)=1.3TeV 1504.05162
O GGM g3, ¥ —2G displ. vtx +jets - - 20.3 Y 6 <cr(f))< 480 mm, m(z)=1.1TeV 1504.05162
c LFV pp—s¥, + X, ¥r—ep/et/ut epet.ut - - 3.2 2,011, Dizon3s7233=0.07 1607.08079
= Bilinear RPV CMSSM 2e,u(SS) 0-3b Yes 20.3 m(g)=m(g), ctzsp<1 mm 1404.2500
q) 0,
15} TR, X WAL, X —eev, e, uuv 4ep - Yes 133 mE)>400GeV, 4150 (k = 1,2) ATLAS-CONF-2016-075
— = T, WA, B 1Ty, etve 3ep+t - Yes 203 mE)>0.2xm(E3), Ar3s0 1405.5086
X 82,8999 0 4-5large-Rjets - 14.8 BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2016-057
— a :
= © g2 39000 > g 0 4-5large-Rjets - 14.8 ATLAS-CONF-2016-057
= , g-1iXs, ¥ - qqq Tep 810jets/0-4b - 361 1TeV, A0 ATLAS-CONF-2017-013
= s goht, hobs teu 810jets/0-4b - 36.1 TeV, dx3#0 ATLAS-CONF-2017-013
%) 1, fi—bs 0 2jets+2b - 15.4 ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
9 fi, f—obe 2epu 2b - 36.1 BR(7 —>be/n)>20% ATLAS-CONF-2017-036
E Other Scalar charm, Earj«? 0 2¢ Yes 20.3 e 510 GeV m(¥})<200 GeV 1501.01325
i ) . s L . P | . s L A
*Only a selection of the available mass limits on new states or 101 1 '
phénomena is shown. Many of the limits are based on 0 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.
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OL-Search - Pure Hadronic LHC-Power

AW s
q -0
/// ‘Ng X1
~ S+
So X
\(1J q 2 XO
w P W

(b) (©)

(@) (e ) (®

« Simplified Models + pMSSM (17+2)

« Two analysis approaches:
- my4-based search

— Recursive Jigsaw Reconstruction (RJR) "
27/07/2017 QFTHEP 2017 -- Oliver Ricken universitatbonn
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OL-Search — Setup

« Signal regions: S W05
— 24, not fully orthogonal E‘ﬁ ZZZ“///
+ Control regions: o A\ Y
— obtain bkg. Normalisation w7
— fit V+Jets, Top, Multijets wie
- Validation regions -
— Validate fit results 0
* Model-independent limit: Variable 1

— Probe agreement of background expectation and data in SRs
— Set limit on number of BSM events

 Model-dependent limit:

— Test model-based signal + background predictions in SRs

— Derive exclusions of parameters "
27/07/2017 QFTHEP 2017 -- Oliver Ricken universitatbonn
8



Events / 200 GeV

Data/MC

Events / 200 GeV

Data/MC

OL-Search - Control Regions
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E ATLAS Prellmlnary ; Zmigf’ mszore 8 ' ATLAS Preliminary O e anda0ie 3
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Events / 200 GeV

Data / MC

ATLAS-CONF-2017-022

OL-Search - Signal Regions

- §2] T T T T T T | | | | | | | | | |
10t ATLAS Preliminary ; E:Até'lri?;ls and 2016 - § 10° g ATLAS Preliminary ¢ Data 2015 and 2016 é_
E 1s=13TeV,36.1 10" g waess - = . <~ SM Total =
C Meff-2i-2100 _ ] . Vs=13TeV, 36.1 fb 0 W-+ets —
10° J Clueewssigeton ] 10 [ fi(+EW) & singletop ~ —=5
g — % Zrjets E [ Z+jets =
N Diboson . [ Diboson N
. o . B Vet 10° B Multi-jet =
10? E lz‘ . qq direct, = E
E ) %&,&b m(, x°)=(600, 595) E 102 -
=

—

:Llj:lllllllllllllllll

1 imigﬁ%%}é |

i

15E

i oty ] s
E Y D 3
- %‘»/WW/%‘*W/ . g .2 _T_
05E S 4 2 2
S . . , . . N 1.5 —+— coc N
977000 1500 2000 2500 3000 _ 3500 4000 g %k —— +—+—_.ﬁ—¢— NN } SR
. [m)] \.
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OOOOOOOOOOOOOOOOOOOOOOOO

Meff SR 2J-2100, Pre-fit &—ﬁ&—&—&—&—&—é%'c#######ﬁﬁ'u'?u'?"—'«'?z'a:«'?

* No observed excess across full analysis

« Set upper limits
>excluded visible cross-section 0(0.1) to 0(2.0) fb "
bonn
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OL-Search - Results Simplified Models

qq production, B(q — q %?):100%

1400

[GeV]

<1200

m_o

1000

800
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400

200

| ATLAS Preliminary

— Vs =13 TeV, 36.1 fb”'

I~ O-leptons, 2-6 jets

— MEff or RJR (Best Expected)
| Al limits at 95% CL.

4.+, (Ud50) %

|||||
AN

e

Obs. limit (+10y.0")
Exp. limits (+1 Gexp)
Exp. limits MEff

Exp. limits RJR

——— OL obs. limit (3.2 fb™, 13 TeV)
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1 | 1 1
1200

1 '.:l 1 II
1400

1 | ::I 1
1600

1800

mﬁ[GeV]
« 1st+2nd generation squarks, mass-degenerate
* All other sparticles (mass-wise) decoupled

ATLAS-CONF-2017-022
q
n
¢ _ X1
5“& %
n
q
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m_o

OL-Search - Results Simplified Models

gg production, B(g — qq i?)=100%

[GeV]

1 800 [ | T T T T | T T T T | T T T T | T T T T ]
— ATLAS Preliminary === Obs. limit (+10y.0") ] ATLAS-CONF-2017-022
1600 s =13TeV, 36.1 fb” === Exp. limits (+10,,) —
= [ O-leptons, 2-6jets ~ — == Exp. limits MEff ]
1400 | MEffor RJR (Best Expected) ~ ~ Exp. limits RJR —
T o ——— OL obs. limit (3.2 fb™", 13 TeV) ]
1200 __AII limits at 95% CL. - q
1000 — — .~ =0
- 2 == X1
800|— — <0
u . = X1
600 —
RS . q
400 —
200 -
0 : | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ::‘l:\ | :-l 1 1 1 :
500 1000 1500 2000 2500
my [GeV]

* Only gluino and neutralino LSP
« All other sparticles (mass-wise) decoupled

universitétbonnl
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OL-Search — Results pMSSM

Squark-gluino-neutralino model, m(;}f):o GeV

;‘6000_ LI [ R L R L H AL LA I
8 L H E ATLAS Preliminary 0-leptons, 2-6 jets .
e B Vs =13TeV, 36.1 fb™ Al limits at 95% CL. i
ATLAS-CONF-2017-022 € 5000 === 0L obs. limit (+1030) 7
I i Exp. limits (£10,,,) i
o p M SS M 1 9 4000 :_ OL obs. limit (20.3 fb™!, 8 TeV ) _:
- Meff or RJR (Best Expected) —
— 2 free parameters: ook .43, @352) -
gluino & squark B ]
masses N =
. 2000 — =
— 17 fixed - .
parameters T

. . 1000 2000 3000 4000 5000 6000
 Bino-like LSP m; [GeV]

 Massless LSP case:
— Gluino result consistent with SMS
— Squark limit stronger due to gluino exchange in production ,
bonnl
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Stop-2L-Search — Walk before you run

b 14 b 14
~ o P in N lé
t V0 i -0 t t
- ~ X - - = - ~
\~\\ X?E " \t\ \~\\ >~<(1) \\\\\ X(l)
X1 " t i
p %74 v . p v
b

b t 14 b ¢

(a) two-body bX] decay (b) two-body ¢ )2(1) decay (c) three-body bW X (1) decay (d) four-body bev X (1) decay

ATLAS-CONF-2017-034

- Simplified Models and pMSSM (17+2)
- Different scenarios target different phasespace

Higher mass splittings Lower mass splittings
| T}
Two-body decays Three-body decays Four-body decays .
universitétbonnl
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Stop-2L-Search - Control Regions

« CRs for
Top
VV
(Z+]ets)

* Fake/non-prompt
leptons: data-driven

* Good agreement @
« Dominant systematics:

JES, JER

Theory predictions °

27/07/2017

ATLAS-CONF-2017-022

%900 TTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTTTTTTTTTTTT 280 TTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT TTTT TTT
o Dat S St Model E o Dat: SR Model
OBoof- ATLAS  Preiiminary e 326‘3:73?;\) ode S _FE ATLAS Preliminary e 326‘3:73?;\) odel -
- Vs =13 TeV, 36.1 fb™" ™ e HUE (5=13TeV,36.1 10" - e E
=~ 700 i _ E : i 3
) 4-body selection Zisiets 142 60 4-body selection Ziy*+ets [ tT+Z -
§ 600 CR::mdy [ vV (ivv) [ Others £ CRC\?MY nw B YV (Ivv) [l Others E
w 50 — —
500 E E
40 =
400 C ]
. 30 —
300 sy A LR AR iy -
200 E
100 =
Tt oo NN } L1l Ll L1111 L1111 L1111
L L B O B I B O S L
= E E =
@« E E @« NN
FZ 55 AR AR AN T AN o \\\\\§§§§S§§S§§S§§“\“\“ N =y
© E ] © E ]
= E ] = EURERANNNN .
I I AU IS AU R AU R RTUN RS AT R R OkHmHHLHHLHHLHHLHHLHHMHA
?00 105 110 115 120 125 130 135 140 145 150 0 1 2 3 4 5 6 7 8
Leading jet P, [GeV] R,
(b)
%120 L B
© ATLAS  Preliminary e ***j‘za;‘lﬁj'l“’")”‘“e‘
5 100 Vs=13TeV, 36.1 fb” Wt ENP
< ; ]
@ 4-body selection Ziy+ets I tE+Z
& 80 CR™ B VW (hvv) [ Others
>
i}

\sssiikiiiii

NN

Data / SM

R]_]w_WRX
Nl nn
N NN NN

T A

N NN NN

N
Nt \\\\\\\\\\\\i\\\\\\,\

P RS S SN BRI

QFTHEP 2017 -- Oliver Ricken

400 450 500
EM® [GeV]

universitatbonn
15



Events / 0.05

Data / SM

Stop-2L-Search - Signal Regions
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Stop-2L-Search - Results Simplified Model

i
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Stop-2L-Search - Results pMSSM

— tt, b, production, m, ~2xm, (M,=2xM)
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Gluino and Stop Masses — Status Quo

tf, production, T, b 1 ./ t> ¢ ¥, /> Wb X, / 1> t 7]

Status: May 2017
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A Glimpse Beyond - RPV & Long-Lived

2500 T T T I T T T T I T T

L gott i? — ttuds ATLAS

| {s=13TeV,36.1fb" = Obs. limit (+ 1 ooy )
2000

[ TCPEE Exp. limit (+ 1 cexp)

i Al limits at 95% CL
1500

T

1000

500

27/07/2017

arXiv:1704.08493
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Summary & Conclusions

* Increased 13 TeV dataset is the biggest increase in
statistical sensitivity for the next couple of years!

« Qur goals:
— Cover much ground, e.g. with inclusive limits

— Fill not-yet-excluded phasespace holes,
e.g. for compressed 3 generation mass spectra

* The dataset allows for novel technigues such as
RJR-based analyses, shape fits, MVA, etc.
« The dataset gives sensitivity to rarer signatures such as

— Tau leptons
— Electroweak production (c.f. Huajie Cheng’s talk tomorrow)
— (dis)appearing tracks, displaced vertices, etc.

Stay tuned! "
universitatbonn
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OL, 2-6 Jets
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Recursive Jigsaw Reconstruction — RJR

() (b) (c)
General illiustration Possible gluino pair decay Compressed example

« Motivation:
— assess “invisible® parts of decay chain - boost to decay frames
— Use more precise variables beyond lab frame

* Determine geometry & composition of visible parts

- estimate invisible parts "
universitatbonn
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OL - Auxiliary Material, Scaling Factors
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Events / 200 GeV

Data / MC

Events / 200 GeV

Data / MC

OL - Auxiliary Material, RJR CRs
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OL - Auxiliary Material, VR Pulls
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Events

OL - Auxiliary Material, SR Pulls
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OL - Auxiliary Material, Systematics

27/07/2017

Relative error

Relative error

0.8
0.7
0.6
0.5
0.4
0.3

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

[ | | | |
ATLAS Preliminary
Vs=13 TeV, 36.1 fb™

[ Total Uncertainty

—— MC statistical uncertainty

Theoretical uncertainty

Experimental uncertainty

CR statistical uncertainty

QFTHEP 2017 --

Oliver Ricken

ar Y ikt ,””” L, = -'r"-n = - .
o o o o o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o
A © o < <] © [ — [52] o < © AN © o © ~ o © A «© (W) ©
NI S S Y ¥ T ¢y 7 o7 g9 oo g oo
= = = = = = o = = = = = = = = = = = = = = = =
(0] (] (o] (] (o] (] = (] (0] (] (] (o] (0] (] (0] (] (0] (0] (] (0] (o] (] (]
= = == 3> >3 S = 2 2 2 2 = =2 = = = = = = = =
Signal region

=L T T T L T T T T T T T T
= ATLAS Prellmlnﬁry [ Total Uncertainty
= Vs=13 TeV, 36.1 fb ——— MC statistical uncertainty
= CR statistical uncertainty
E Theoretical uncertainty
E e Experimental uncertainty
= fr L
SO ! s R PR e X il

© fe) © o © o < © o] © o © Q < ~

— - Y [ (9] 0 on — — N [ (] ™ [0 (@]

¢ @ ¢ @ 9 L 4 Q9 © Qo G G O 4 g

¢ £ £ £ & & 5 & 4 & & & g 5 o2

2 2 22 22 2 2 2 2 2@ 2 2 2 =

Signal region

universitatbonn
29



OL - Auxiliary Material, MC Generators

Physics process Generator Cross-section PDF set Parton shower Tune
normalization
SUSY processes MG5_aMCQNLO 2.2.2-2.3.3 NLO+NLL NNPDF2.3LO PyTHIA 8.186 Al4
W(— flv) + jets SHERPA 2.2.1 NNLO NNPDF3.0NNLO SHERPA SHERPA default
Z/v*(— £f) + jets SHERPA 2.2.1 NNLO NNPDF3.0NNLO SHERPA SHERPA default
v + jets SHERPA 2.1.1 LO CT10 SHERPA SHERPA default
tt PowHEG-Box v2 NNLO-+NNLL CT10 PyTHIA 6.428 PERUGIA2012
Single top (Wt-channel) = POWHEG-BOX v2 NNLO+NNLL CT10 PyTHIA 6.428 PERUGIA2012
Single top (s-channel) PowHEG-Box v2 NLO CT10 PyTHIA 6.428 PERUGIA2012
Single top (t-channel) PowHEG-Box v1 NLO CT10f4 PyTHIA 6.428 PERUGIA2012
Single top (Zt-channel) MG5_.aMCQ@NLO 2.2.1 LO CTEQ6L1 PyYTHIA 6.428 PERUGIA2012
tt+ W/Z/WW MG5_.aMCQNLO 2.2.3 NLO NNPDF2.3LO PyTHIA 8.186 Al4
WW, WZ, ZZ SHERPA 2.1.1 NLO CT10 SHERPA SHERPA default
Multi-jet PyTHIA 8.186 LO NNPDF2.3LO PyTHIA 8.186 Al4
(]
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OL - Auxiliary Material, SR Cuts

Targeted signal
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Aplanarity > 0.08 0.04 | 0.08
et (incl) [GeV] > 1600 2000 | 2600 | 1200 | 1800 | 2200 ] 2600
Targeted signal | compressed spectra in §g (§ — ¢x9); 39 (7 — 9axXY) |
[ Targeted signal 99. 9 = qgWXJ and 4G, § = aWX; | Requirement Signal Region
Requirement —_Signal Rogion a RJR-C1 | RIR-C2 | RIR-C3 | RJR-C4 | RIR-C5
Meff-2jB-1600 | Meff-2jB-2400 = < 095 0.9 03 07 07
I [GeV] S 250 ISR > . . . . .
pr (Cange R 1) [GeV] S 200 pE [GeV] > 1000 1000 800 700 700
pr(Large R j») [GeV] > 200 Adisr, 1/ > 0.95 0.97 0.98 0.95 0.95
‘m(Large-R j1) [GeV] [60,110] Aot Emms’> — 0.4 0.4
m(Large-R j2) [GeV] [60,110] Jety o, & min - - - . .
Ad(iety o, (3), Bp )min > 0.6 Mrs [GeV] > — 100 200 450 450
Ad(jet; JET)]/2 > 0.4 Njet > 1 1 2 2 3
EX ) /Hy [GeV/?] > 20
gz (inel) [GeV] S 1600 ] 2400 [njv] < 2.8 12 14 14 14
]
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OL - Auxiliary Material, CR Cut Scheme

CR SR background CR process CR selection CR selection
(Meff-based) (RJR-based)

Meff/RJR-CR~y Z(— vi)+jets Yy+jets Isolated photon Isolated photon

Meff/RJR-CRQ Multi-jet Multi-jet SR with reversed requirements on Aqcp <0

(i) Ag(jet, ER%) nin and (i1) BRI /megr(N;) | reversed requirement on

or EXsS /. /Hry

H,"" (RJR-S/G)
or Risr < 0.5 (RJR-C)

Meff/RJR-CRW

W(— flv)+jets

W(— flv)+jets

30 GeV < mr (¢, EF'%) < 100 GeV, b-veto

Meff/RJR-CRT

tt(+EW) and single top

tt — bbqq' v

30 GeV < mr (¢, EX%) < 100 GeV, b-tag
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OL - Auxiliary

Material, Yields + MI Limits

Signal Region [Meff-] __ 2;-1200 2j-1600 2j-2000 25-2400 25-2800 2j-3600 _ 2;-B1600 __ 2j-B2400 Signal Region RJR-Sla _ RJR-S1b _ RJR-S2a _ RJR-S2b _ RJR-S3a _ RJR-S3b RJR-54
MC expected events MC expected events
Diboson 28.17 14.37 7.02 3.09 0.86 0.18 2.94 0.53 A = 3y 3 G
Z/~" +iets 346.37 140.61 54.13 24.23 10.22 2.28 13.84 2.45 ];}b(:w?’ ) 36.66 16.69 23.63 10.18 7.37 360 2.09
Wijots L1239 4749 1833 23 P T 516 o ¥ +jets 496.41 189.08 222.22 101.96 69.97 30.32 17.83
tE(+EW) + single top 21.40 5.84 2.54 1.13 0.32 0.04 0.86 0.10 Wjets 221.22 76.78 84.09 36.03 22.66 9.13 5.22
Fitted background events tt(+EW) + single top 32.38 9.37 11.01 4.58 2.60 1.13 0.67
Diboson 28%4 144%23 7TOE 11 31105 086L017 0.18%0.07 2907 05301 Fitted background events
Z/5" +jets 337+ 19 141 4 10 6148 268+31 11.4+14 27407 123418 27405 Diboson 37ES 754 2415 102526 TAE15 36E13 31105
Wjets 136 + 24 57 + 16 19+5 9.4+26 3.1+1.1 0.440.31 4.8+2.8 0.6 +£0.6 Z/'y*+jcts 430 + 40 164 + 14 205 + 16 94+ 8 65+ 5 28.0+ 2.3 16.5+ 1.4
ti(+EW) + single top 15+4 31+1.7  1.34£1.0 0.4+04 0.18%0.15 0.04795% 0505  0.057957 W-tjets 201 + 25 0+9 20 + 12 34+5 21.6 + 2.9 87+ 1.3 50409
Multi-jet 18418 0.34+034 A : : :
Total big 517331 216 E18 ET 0E4 155519 33108 21E4  39E10 LtH(+EW) + single top 276 7.7£2.5 7.7+£34 3.2£1.2 18£0.6 0.79£0.31 0477057
Observed =52 504 =5 53 1= 5 53 3 Multi-jet 20 + 20 0.9+ 0.9 1.6+1.6 0.18+0.18 0.36+0.35 - -
<5">nb< [fb] 3.6 1.00 0.42 0.30 0.32 0.20 0.42 0.11 Total bkg 720 £ 50 259 £ 17 318 + 21 142 + 10 96 + 6 41.1 +£3.1 24.0+2.1
Sobg 131 36 15 11 11 7.1 15.1 4.1 Observed 850 304 346 157 96 46 21
5% 7831 433 24750 15775 1075 54335 1375 5.01% (m)oba [fb] 6.12 2.36 1.66 1.16 0.67 0.54 0.27
po (2) 0.06 (153)  0.50 (0.00) 0.50 (0.00) 050 (0.00)  0.33 (0.43) 019 (0.87) 0.7 (0.34)  0.50 (0.00) ub} 220 85.3 60.0 41.9 24.2 19.6 9.9
Signal Region [Meff-] 2j-2100 3j-1300 4j-1000 4j-1400 4j-1800 4j-2200 4j-2600 4j-3000 ovp 121755 48.8%15% 511155 3191146 242431 15.275-3 11655
MG expected events po (Z) 0.01 (2.22)  0.03 (1.84)  0.24 (0. 71) 0.20 (0.84)  0.50 (0. 00) 0.24 (0. 71) 0.50 (0. 00)
Diboson 12.87 34.43 6.56 13.18 4.40 2.14 0.35 0.06
Z/~" +jets 115.70 265.30 59.58 99.18 32.76 11.95 4.05 1.34 Signal Region RJR-Gla RJR-G1b RJR-G2a RJR-G2b RJR-G3a RJR-G3b RJR-G4
W-jets 33.90 105.92 28.91 51.75 14.57 4.49 1.66 0.61 MC expocted ovents
t{(+EW) + single top 4.96 36.08 42.86 41.67 7.64 1.71 0.63 0.21 Diboson 3.06 152 501 134 0.80 037 094
Fitted background events M
Diboson [EESS 31E6 6612 132%22 R ESK) 21+£05 035L008 0.06%0.03 Z/7" +jets 28.56 13.03 28.01 9.41 8.56 2.90 2.05
Z/~" +jets 9748 218 + 20 52+7 8249 2344 9.6+ 1.9 2.110,7 11405 Wtjets 13.99 6.40 14.66 4.98 4.45 1.71 0.99
W-tjets 3049 96 + 18 2247 3949 1145  2.74+1.0 5409 0.43+0.33 t{(+EW) + single top 6.04 1.96 6.50 1.99 2.74 1.32 0.97
tt(+EW) + single top 2.8+ 1.6 28 £ 10 3947 33410 4.7+3.2 0.9+0.5 0. 12*3 s 0.11£0.1 Fitted background events
Multi-jet 0.15+0.15  0.797980  0.201029 0.4+0.4 Diboson 3.1+0.6 1.5+04 29+0.8 1.34+0.34 08+024 0.37+£022 024+0.13
Total bkg 43 £ 13 378 + 28 120 & 11 160 £ 15 316 154122 i0f12 T8£0.6 Z/~v* +jets 23.9 + 3.0 10.9+ 1.5 23.6 + 2.8 7.9+ 1.1 7.22 4+ 1.0 25406 1.7340.33
Observed 180 405 135 179 53 23 4 2 W-tjets 11.4+ 1.7 5.2+0.8 11.7+2.1 4.0 +0.7 3.5+0.7 1.4+ 0.6 0.79 +£0.27
(co)2s (] 20 25 13 L5 0.85 0.47 0.17 0.12 t#(+EW) + single top 4.8+2.1 16+ 1.1 5.6+ 2.8 L7410 24+ 1.1 114%120 og3tlls
. A SN OGN | O e 0210 D6400  02is091
pSXfZ) 0.02 (2.1491) 0.20 (o.&lﬁ; 0.13 (1.1:1;; 0.11 (1.2491) 0.07 (1.45)  0.07 (1.453) 0.50 (0. 6{3 0.44 (0.1]23 Total bkg 43+4 19.2+2.2 44+4 152£1.7 139+1.6 5.3+1.4 3.6+1.3
Observed 38 16 48 15 19 11 6
Signal Region [Meff-] 53-1600 53-1700 53-2000 5j-2600 6j-1200 6j-1800 6j-2200 6j-2600 (ea) 22 [fb] 0.39 0.26 0.56 0.28 0.40 0.38 0.25
MC expected events S92 13.9 9.4 20.1 10.0 14.5 13.6 9.1
Diboson 10.29 5.61 6.59 0.73 19.00 0.15 0.26 0.09 495 +6.6 +4.1 +5.4 +4.2 +4.0 3. s 2.3
Z./7* +jets 55.12 30.42 49.38 7.32 103.92 3.29 1.26 0.76 Sexp 16.275 9 10.77505 174755 9.5, 9.775] 1023 761537
W-tjets 1139 1521 1542 260 78.02 215 0.70 0.47 po (Z) 0.50 (0.00)  0.50 (0.00)  0.23 (0.73)  0.50 (0.00)  0.09 (1.36)  0.12 (1. 15) 0.18 (0. 20)
t{(+EW) + single top 44.63 11.71 9.77 0.75 139.99 4.31 0.61 0.36
Fitted background events Signal Region RJR-C1 RJR-C2 RJR-C3 RJR-C4 RJR-C5
Diboson 103+£1.8  561+£1.0 66+1.2 073+0.13 19.0£32 0.15+0.11 0.26+0.07 0097005 MC expected events
Z /" +jets 40+5 2044 3446 42+13 58 + 10 09405 0.8+04 035022 Diboson 4.37 3.44 1.64 2.74 0.83
Wjets 2347 6.7+24 11.6+3.1 0.32793) 41 420 0367050 0127015 0197027 Z/7* +jets 24.41 20.58 7.23 10.18 2.32
tt(+EW) + single top 42411 7.2+25 5.9+2.3 0.5+0.5 130 £ 23 1.6+ 1.2 0.3540.24 0227039 Wjets 9.63 7.23 7.95 7.94 2.31
Multi-jet 444 - - - omfpl - - - t{(+EW) + single top 1.31 1.53 5.40 7.38 3.39
Total bkg 110 £ 12 3915 e 5713 249 + 30 30L13 16505 0806 Fitted background events
Observed 122 45 52 10 250 9 3 L Diboson 137+1.0 34408 1.6 £0.4 27406 0.8£0.5
<‘g§?ob (fb] L 0L 04 o B 0 oL on Z/v" +jets 21.6+22 182419 6.0+1.1 5+1.2 2.1+ 0.6
95 35+1z 17+7 20+8 7. 1+z 9 61*27 8. 7+z s 4. +1 s 3. 5+1 s VY+_]ets 9.3 fllof 7.0+1.3 8.3+ 1.3 83+1.4 2.7 i»tllla/ll
o (2) 0.35 (037 0.22 (0.78) 050 (0.00)  0.10 (1.25)  0.50 (0.00) 0.08 (143)  0.16 (1.00)  0.19 (0.89) tt(+EW) + single top 0.9375 95 1L1+07 33+1.4 4.5+£2.6 0.857 5
Multi-jet 0.4+04 - 0.6+0.6 08408 0371037
Total bkg 36.6 + 3.4 29.7+ 2.7 19.8+ 2.4 24.84+3.3 6.8+1.4
Observed 31 25 12 21 8
(ea) 22, [fb] 0.34 0.29 0.22 0.30 0.24
o5 12.4 10.5 7.9 10.8 8.8
ep 151133 135150 10.7453 11.37%9 7.8%2%
po (2) 0.50 (0. 00) 0.50 (0.00)  0.50 (0. 00) 0.50 (0.00)  0.31 (0.51)
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Stop-2L - Auxiliary Material
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Stop-2L - Auxiliary Material

L e e LA e s s s s e
ATLAS PreIiminary ® Data == Standard Model

g Z/y*+jets Wt
1
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Stop 2L AuX|I|ary Material
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Stop-2L - Auxiliary Material, Generators

Physics process Generator Parton shower generator Cross-section PDF set Tune
normalisation
SUSY Signals MabpGrarHS_AMC@NLO 2.2.3 [64] PyTHiA 8.186 [65] NLO+NLL [66-71] NNPDF2.3LO [72] Al4 [73]
Z]y* + jets SHERPA 2.2.1 [74] SHERPA 2.2.1 NNLO [75] NLO CT10 [72] SHERPA default
tt POWHEG-BOX V2 [76] PyTHIA 6.428 [77] NNLO+NNLL [78-83] NLO CT10 PeErUGIA2012 [84]
Wt POWHEG-BOX V2 PyTHIA 6.428 NNLO+NNLL [85] NLO CT10 PeruGIA2012
ttwW/Z/y* MabpGrarHS_AMC@NLO 2.2.2 PyTHiA 8.186 NLO [64] NNPDF2.3LO Al4
Diboson SHERPA 2.2.1 SHERPA 2.2.1 Generator NLO NLO CT10 SHERPA default
tth MabpGraPHS_AMC@NLO 2.2.2 Herwic 2.7.1 [86] NLO [87] CTEQ6L1 Al4
Wh, Zh MapGrarPHS_AMC@NLO 2.2.2 PyTtHiA 8.186 NLO [87] NNPDF2.3LO Al4
tWwW, titt MabpGrarHS_AMC@NLO 2.2.2 PyTHiA 8.186 NLO [64] NNPDF2.3LO Al4
tZ,tWZ,tit MabpGraPHS_AMC@NLO 2.2.2 PyTHIA 8.186 LO NNPDF2.3LO Al4
Triboson SHERPA 2.2.1 SHERPA 2.2.1 Generator LO, NLO CT10 SHERPA default
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Stop-2L - Auxiliary Material, CRs/VRs

2-body 2-body 2-body 2-body 2-body 2-body 2-body 2-body
CRt f CRt £,3j CRVV—SF CRt tZ CRVZ VRt f VRt £,3j VRV V -DF
leptons 2, DF 2 2.5F8 3 3 2, DE 2 2, DF
m&f [GeV] [100,120]  [60,100]  [100,120] - - > 120 >100  [100,120]
Rb—jets > 1 Seil 0 >0 =1 0 > 1 Sl >1
Piets - >3 - s 5 = = >2 >3 > 1
P ’?)boost [GeV] - - <25 = = - - <23
Adboost - - = - - > 1.5 s =
R; - - > 0.3 = - = - N
Ef o [GeV] = = - > 120 > 120 = = -
EDisS [GeV] > 200 = = - L > 200 -
Rep — < 1.2 - - - - < 1.2 -
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Stop-2L - Auxiliary Material, CRs/VRs

3—bod 3—bod 3—bod 3—bod 3—bod 3—bod
CR; d CRVV—];YF CRVV—S}; VR : VRVV—l;yF YRyy —S};J

Lepton flavour DF DF SF DF DF SF
|mep — mz| [GeV] - - > 20 - - >20
Np—jets >0 =0 =0 =0 =0 =0
Mi{ [GeV] > 80 > 50 > 70 > 80 [50,95] [60, 95]
Ry >0.7 <05 S0 < 0.7 < 0.7 <04
1/yR+1 - > 0.7 07 - 0.7 =07

(cos 6y, Aq)g)

A¢g < (0.9 x | cos 6| + 1.6)

A¢§ > (0.9 X | cos 0| + 1.6)
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Stop-2L - Auxiliary Material, CRs/VRs

R R G | VR VR VR
Leading lepton p1 [GeV] [7,80] [7,80] > 20 [7,80] [7,80] > 50
Sub-leading lepton pr [GeV] |  [7.35] [7,35] > 20 [7,35] [7,35] [7,20]
icts ) =1 =1 >2 ] )
Leading jet pr [GeV] [100,150] > 150 > 150 > 150 > 150 > 150
mep [GeV] > 10 > 45 [10,45] > 10 > 45 [10,45]
jo = = = <0.35 ” z
Rpp - €5 - <12 >5 3
P —jets ; =0 =0 i =0 =0
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Stop-2L - Auxiliary Material, Systematics

Signal Region SRAT*Y SF SRAT.™" DF SRB2,>°¥ SF SRB;0*” DF SRC.,0*” SF SRCT,o°¥ DF SR;,”*” SF SR};™® DF SR, ™% SF SR; "¥ DF SR*bod
Total SM background uncertainty 21% 32% 15% 21% 35% 38% 36% 39% 46% 42% 20%
Diboson theoretical uncertainties 4.0% 5.9% - - - - 9.1% 10% 1.3% - 2.7%
tf theoretical uncertainties - - 4.2% 6.6% 12% 13% 13% 18% 25% 24% 8.1%
Wt theoretical uncertainties - - - 1.9% - 5.4% - - - - -
tt-Wt interference - - 1.8% 7.9% - - - - - - -
MC statistical uncertainties 13% 28% 12% 13% 15% 15% 16% 14% 20% 22% 10%
V'V normalisation 14% - - - - - 12% 4.3% 1.3% - 9.2%
tt normalisation - - - - 16% 15% 1.8% 2.5% 3.5% 3.5% 8.6%
tf +Z normalisation - - 7.6% 9.9% 8.5% 10% - - - - -
Zrr normalisation - - - - - - - - - - 1.5%
Jet energy scale 6.9% 3.1% 4.1% 6.4% 13% 22% 19% 18% 27% 11% 4.4%
Jet energy resolution - - - - 12% 16% 7.2% 18% 2.9% 22% 1.0%
EF"™* modelling 5.0% 13% 2.2% 3.2% 26% 23% 18% 11% 14% 6.5% 1.3%
b-tagging - - 3.0% 1.5% - - 2.7% 3.0% 1.0% 3.0% 2.2%
Pile-up reweighting 2.0% 3.2% 1.1% 4.3% 2.9% 4.6% 2.9% 5.0% 5.1% 4.9% 1.4%
Lepton modelling 1.3% 2.1% —% 1.1% - - 1.1% 3.1% 4.6% 3.0% 2.5%
Fake and non-prompt leptons - - 7.4% - 4.0% - 2.8% - - - 14%
]
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Stop-2L - Auxiliary Material, SR Yields

2—-body 2-body 2-body 2-body
Lepton flavour SRA 20,140 SRB5) 140 SRA 40,160 SRA 40,180
Observed events SF 22 17 6 10
Estimated SM Events 20.0+4.6 16.3+6.2 11.0+2.5 56+1.8
Observed events DF 27 13 6 7
Estimated SM Events 23.8+4.2 16.1£5.3 10.8 £ 2.1 6.4+13
2—body 2—-body
SRC: ¥ SF SRC? *¥ DF
Observed events 11 7
Estimated SM Events 53+1.8 38+1.5
Fit output, 7 21+1.3 14+12
Fit output, ¢ +Z 1.6 +0.5 1.4+0.5
0.09 0.23
Wt 0.05%505 0.00%5G,
VV+VZ 0.33 +£0.06 0.12 +£0.04
Z/y* +jets 0.3+0:3 -
Others 0.67 =0.13 0.81+0.15
Fake and non-prompt 0.1 ng:‘l‘é 0-00i8283
Fit input, 17 2.3 1.6
Fit input, 17 +Z 1.9 1.70
2-bod; 2-bod; 2-bod: 2-bod:
SRA " SF SRA ;""" DF SRB,,*" SF SRB,,** DF
Observed events 16 8 9 ¥
Estimated SM Events 123 +£2.6 54+1.7 74+1.1 48+1.0
Fit output, 17 = - 0.8+04 0.8+0.5
Wt events - - 0.38 £0.29 0.7+0.5
Z[y* + jets 0.35+0.21 - 1.24 £0.32 0.03 £0.01
Fake and non prompt 0.00*9-39 0.00*3-30 0.8+0.5 0.009-30
VV-DF - 45+1.5 - 0.23 £ 0.06
Fit output, VV-SF 9.8+25 - 0.39+0.11 -
Fit output, VZ 1.91 £ 0.31 0.52 +0.17 0.53+0.14 0.04 £ 0.01
Fit output, 17 + Z 0.08 +£0.03 0.15 + 0.06 23+0.6 1.8+0.5
Others 0.18 £0.02 0.24 £ 0.07 1.10+£0.16 1.11+£0.16
Fit input, 77 - - 0.78 0.8
Fit input, VV-SF 8.8 - 0.35 -
Fit input, VZ 1.9 0.52 0.54 0.04
Fit input, 77 + Z 0.09 0.17 2.6 2.2
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Stop-2L - Auxiliary Material, SR Yields

3-bod 3-bod 3—-bod 3-bod

SRy, SF SRy, DF SR, Y SF SR, °” DF
Observed events 4 6 6 6
Estimated SM Events 98 E34 7.8+3.0 Sali 14 44+1.8
Fit output, 42+1.6 4.6+2.1 25413 3.6+ 1.8
Fit output, VV-DF — 2.9+1.4 - 0.04 +0.03
Fit output, VV-SF 34+2.1 — 0.16 + 0.08 -
Wi 0.31+0.22 0.23 +0.12 0.12 +0.05 0.14 +0.08
ti+V 0.03 +0.01 0.06 + 0.02 0.18 +0.04 0.24 +0.07
Z [ y=+jets 5 21017 0.05 + 0.01 0.1 +0.03 0.0 +0.0
Fake and non-prompt 0.42+0.28 0.06 + 0.06 0.00*9-50 0.41 +0.09
Fit input, 17 4.0 4.3 2.4 3.4
Fit input, VV-DF — 2.8 — 0.04
Fit input, VV-SF 3.4 - 0.16 -
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Stop-2L - Auxiliary Material, SR Yields

27/07/2017

SR4—body
Observed events 30
Estimated SM Events 286
Fit output, ¢ 7.9+ 2.0
Fit output, VV 45+2.3
Fit output, Z,, 1.2+0.6
it +7. 0.03 +£0.01
Wt 1.08 + 0.27
Zeer Ly 0.21 £ 0.09
Others 0.80 +£0.30
Fake and non-prompt 12.8 £4.3
Fit input, ¢7 %
Fit input, VV Dl
Fit input, Z,, sl
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