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the gas constant

specific heat capacity at constant volume
specific heat capacity at constant pressure
specific total energy

specific internal energy

specific total enthalpy
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thermal conductivity

deviatoric stress tensor

viscous stress tensor
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B 1 E BRI RO

F1E HEIRKSEIHS

1.1 HIEHEER

A Hr AT 2015 SR 2016 4 ATLAS $R et IS 1Y JFUD R BEHE N 13 TeV
B, HEBR I L RN AR e s E f R . HARIM 208 36.1 71
Horpr, 2015 42701 2016 SERYEARICERTE BLUN A 11RR.

T T T T T
[ ATLAS Online Luminosity ~ /s=13Tev |
5 [ LHC Delivered -
[ []ATLAS Recorded ]

T T T A R A
50— ATLAS Online Luminosity  /s=13Tev ]
[ [ LHc Delivered ]
40— [_] ATLAS Recorded .

[ Total Delivered: 38.5 fb!
30 Total Recorded: 35.6 b

40 Total Delivered: 4.2 1o
[ Total Recorded: 3.9 b

201

Total Integrated Luminosity [fo]
Total Integrated Luminosity [fb]

2~ F
it 10k 3
0: ! ] G:" P NI NS R
23/05 20/06 18/07 15/08 12/09 10/10 07/11 18/04 16/05 13/06 11/07 08/08 05/09 03/10 31/10
Day in 2015 Day in 2016
() (b)

B 1.1 ATLAS $CRBERE: (a) 2015 4B, (b) 2016 4E,

12 EEFEREHER
1.2.1 558K

FI ARG WMEL, 2R AR X (gg — (X) — hh) FIZEARE
Hrki7x (gg — X — S8).

1.2.1.1 gg— (X) > hh

. SM {55 (EHIRAHSD) | B gg — hh, FIH 4 NLO 2 I AN A 5
PR TR [1] . 75 MadGraphS_aMC@NLO [2, 3] Ff2E . H AT % 33.4
fb [4, 5], &7 NNLO QCD {& 1/ including resummation of soft-gluon emission
at next-to-next-to-leading-logarithmic (NNLL) accuracy for my = 125.09 GeV,
HIRSEA (gg = X — hh) WH A NLO 2 1EH) 2HDMCP_EFT HY{F
TR [6], f£ MadGraphS_aMC@NLO 1y, HrpEdRiphi 7 X, AILRA
R, BB EAT /N T SRS R AR B AESE iy, HBE R 10
MeV, eV B i, 535128 260 GeV, 300 GeV, 400 GeV F{1 500 GeV., it
R~ A AAMEGN 1 pb.
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DSID  lepton charge my [GeV] Num. Events Simulation e/a/s/r/p-tags

344133 ++ Non-res 500000 AFII e5060, a766, a821, r7676, p2949
344134 —— Non-res 500000 AFII €5060, a766, a821, 17676, p2949
343704 ++ 260 100000 AFII €5234, a766, a821, r7676, p2949
343712 — 260 100000 AFII e5234, a766, a821, r7676, p2949
343706 ++ 300 100000 AFII e5234, a766, a821, 17676, p2949
343714 —— 300 100000 AFII €5234, a766, a821, 17676, p2949
343709 ++ 400 100000 AFII e5153, a766, a821, r7676, p2949
343717 — 400 100000 AFII e5153, a766, a821, r7676, p2949
343711 ++ 500 100000 AFII e5153, a766, a821, r7676, p2949
343719 —— 500 100000 AFII €5234, a766, a821, 17676, p2949

% 1.1 Summary of the MC hh samples which have been produced for study.

P T A TR I gl BOR AR 2 W BB Xt B ,\FF'Wi/\ WH(W™) #E

RERFR T (B 1),

1M 75 P~ W

“(W) W28 Xf o X — RN A E

Herwig++ [7] S£3L, L AL35BH 5 1Y showering F15% F-{1 it %aa, HEEA 5N

BR(hh — AW — {*vl*qqqq) = 4.4 x 1073,

nZ 11N

1212 gg—-X—>SS

R SN

F A AR LS

gg — X — SS F|H Pythia 8 £ LO B =/, PDF J5 A14NNPDF2.3L0, #x7

y HiggsBSM:gg2A3, X 1S Bt A/ N T SL50 2 HER G T, N H i
FH 1% 5 gg — (X) — hh £, S PEESRIFHRWA W B, HApm4
WH(W™) BESR AT (4% ), AW W (W) B 5RTX . BERY
showeringhe 5 ¢ i #2t1 Hf Pythia 8 5L myx 1 ms IEFEETS AW RESREW 5
©E. FMEH, gg — X — SSEUH{ERIZN 1 pb, 1 BR(S — WW) NIMHKHT ms,
R0 A R 7 (E R R BB R AR 2 3L (8]0 36 1208045 7 G S REA 41K
o
122 BHEEX

gz);fz@% (VV/VVV) Fl Vy BEAGE T Sherpa 2.1 [9] £ NLO B 72425 V + jets
385 Sherpa 2.2 75 NLO By 7245 , I Wi Fhist #2445 F CT10 PDF . V H F| i Pythia 8
£ LO W74, % NNPDF2.3LO PDF, 7 ifit Powheg-Box 2.0 [10] 7 NLO [

FeeE, Tt 2] Pythia 8 YEAT parton showering f158 1A%, >k PDF
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Charge mx mg BR(two SS leptons)  DSID  Neyents

280 GeV 135 GeV 1.47 x 1072 344927 25000
300 GeV 135 GeV 1.535x 1072 344928 25000
320 GeV 135 GeV 1.535x 1072 344930 25000
++4 340 GeV 135 GeV 1.535x 1072 344933 25000
340 GeV 145 GeV 3.454 x 1072 344934 25000
340 GeV 155 GeV 6.049 x 1072 344935 24000
340 GeV 165 GeV 8.842 x 1072 344936 25000

280 GeV 135 GeV 1.47 x 1072 344937 25000
300 GeV 135 GeV 1.535 x 1072 344938 25000
320 GeV 135 GeV 1.535 % 1072 344940 25000
—— 340 GeV 135 GeV 1.535 % 1072 344943 25000
340 GeV 145 GeV 3.454 x 1072 344944 24000
340 GeV 155 GeV 6.049 x 1072 344945 25000
340 GeV 165 GeV 8.842 x 1072 344946 25000

% 1.2 Summary of the MC X — SS signal samples used.
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NNPDF2.3LO, FATHZ it fe (r+ X) [EFEE T Powheg-Box 2.0 7£ NLO ¥y 24k,
{Bf%# F] Pythia 6.4 [11] FEAT 52454400, K] PDF 4 CT10. 1V FEANIAE NLO
Frif i MadGraph5 aMC@NLO +Pythia 8 74, % PDF 4 NNPDF2.3LO, ttH
£ ZiE 1 MadGraph5 aMC@NLO +Herwigt++ 774z, PDF & NNPDF3.0 [12].
R IR S R A2 AP AR i 225 30k [13-15]

=+

®



B 2 T FPISHEAIE S

F2E HOAMENESHK

2.1 MFEH KL
2.1.1 Object definitions in 4W

K25 0080H ATLAS —f0mte, Wz 220k X 4W 4047, dE—21
BTk 5 A5 IR 2. 1 R .

- WA
Baseline Tight
Er > 10 GeV TightLH ID
In| <2.47, HEB: 1.37<|n| <1.52 XA FixedCutTight
T LooseLH ID, Loose isolation (ES20 /pr <0.06, pyreone /pr <0.06)

|zo8in @] < 0.5 mm, dy/o(dy) <5

pr>10 GeV Tight ID
Inl <2.5 FixedCutTightTrackOnly
K o 20
Loose ID, Loose isolation (pyreere®? /pr <0.06)
|zo8in 6| < 0.5 mm, dy/o(dy) <3
pr>25GeV, |n| <25

Jet

|IJVT|<0.59 if pr <60 GeV and || < 2.4

MET Emiss,TRK

T

K 2.1 4W YEMTRFIRSAF B4

2.1.2  Overlap removal

Zeitk 75 (baseline) ik J5, A T #F— SR IER A IR BRI EE N
-, E[18Y overlap removal F5Z 52 1% o 1% 4T AT overlap removal J2 25 Q1156 2.2
ﬂ—\‘ o
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Keep Remove Cone size (AR)
muon electron 0.1
electron | electron(lower pr) 0.1
electron jet 0.3
jet muon min(0.4, 0.04+10[GeV]/pr(u))

= 2.2 Overlap removal in 4W analysis.

2.2 EHEHIFEIE
22.1 HWIETHik

FIrioe 0 B 5 T e A R 2B e A A -
* GRL
2015 data: datalb_13TeV.periodAllYear_ DetStatus-v79-repro20-02
_DQDefects-00-02-02_PHYS StandardGRL_All Good_25ns.xml
2016 data: datal6_13TeV.periodAllYear_ DetStatus-v88-pro20-21

_DQDefects-00-02-04_PHYS_ StandardGRL_All Good_25ns.xml
* Event cleaning criteria: cleaning for Tile corrupted events, LAr noise bursts

and corrupted data
* Vertex criteria: events are required to contain at least one primary vertex with
> 2 associated tracks. The detailed selection on the vertex can be found in [? ]
* Trigger:
X 2015 FFEAE, W LU AR trigger:
— Single lepton triggers:
* HLT mu20 iloose L1MUIS5
* HLT _mu50
* HLT e24 lhmedium L1EM20VH
* HLT e60 lhmedium
* HLT el20_lhloose
— Dilepton triggers:
* HLT 2el2 lhloose L12ZEM10VH
* HLT el7 lhloose mul4
* HLT mul8 mu8noLl
XFF 2016 FHdG il 2 LA M T trigger:
— Single lepton triggers:
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* HLT mu24 ivarmedium

* HLT mu50

* HLT e24 lhtight nodO ivarloose

* HLT e60 lhmedium nod0

* HLT el140 lhloose nod0

— Dilepton triggers:

* HLT 2el17 lhvloose nodO

* HLT el7 lhloose nod0 mul4

* HLT mu22 mu8noL1
SRdE—FE, BHIREA R Y2 DL L trigger £, HLAR Y trigger RS IE
CAINEIEE A

o WePREEET 2. LR AR

- BT

— P A AT 1

— > tight W 243l /£ ChargeIDBDTTight> 0.067, I A% &2 HHKIE
R, QbR 22 ik

- B/H ARV REILEC LA AR A trigger, BRIZ AL, Kitzhin
1 pr WoRT 30 GeV, /MiZHER 1R T 20 GeVo

o HERRIALITEA b-jet R,

« EPTRE> 10 GeV,

* [Ah Drell-Yan i 2 H g A REM MC AREFAA, A LK T8t , XX
AR T 15 GeVo

 NTIEMERET Ztjets SEIAE (FIEHIHD) , |M(66)— M(Z)] >10 GeV
ST o

o jet B EORAOT e RARYIEEE, I (&) B fiEsRED 2 (3) - jeto
I AE 2HRATHE o
DL R RS S5 e 2.3 e, 18I DL ETRIR S A S B e 42 -0k
B N=ADHE, N ee pu Ml epo 3 248K T FRERIRLZ RO (E 5 4 LA
o ROVGAT I B SN BRSCRAR AL, AL XS 52 B 36.1 b7, BIH (gg — hh)
H33.41b. [M2.1 (K 22) JRonfirf hh (SS) (E5FEARRI LWL e Ja i
BeE, ATLER: —RHE mx 2808 ms BIEEIN, BCRMHEEM 3T SS, f&
my = 340GeV,ms = 135GeV Jivta YRR N EE RN ML R IR 2R 2 /0 =4
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GRL
Event clean criteria
Pass any trigger applied
Select objects following object definitions

Overlap removal

Pre- Two tight same-signed leptons, with at least one trigger matched
selections pr(t1) > 30 GeV, pr(ts) > 20 GeV
b veto

EMiss 10 GeV
M(£) >15 GeV
M(t6) — M(Z)| >10 GeV in ee channel
Njet 22(3)

% 2.3 The event cleaning criteria.

jet) s o2 ep HHAREIRCEE, upu k2, ee A%, XSRS I eu 1
A RHAPASER RS, DA p b e B IS RIRCE

222 E5k
2221 hh{EEtik

A TR B 552 B A P B2 7 jet 2o PRI i SRL 5~ il
THSRIWAE SRR, BEJe, PR RIhL 22 28 W glita-r, B3k
W B AW RN, TAETH W B0 2 ST 24 58 AR
Y jet (pr<25GeV) .o fE& 2.3a%2.3erfn] LA H] (1B AR IS 25 e 4%
), ARK—HB B PUSE jet pr 2R T 25 GeV |1y, HEAEFIEE TR B4
I ERAR TR K E 520 A =5 jet, WA 2.30F7R . [FESA]
PLAEL, XFHRTUR R, B mx=260 GeV 1 mx=300 GeV, HKHF iz A
7§2 <jete FTLA, XFANRIAY SR AL B 5 M AR A jet BERAF, X TR
R EOR Nie 22, TS TR, N 230 9 TIESSZ KREW 245 1 s (5 5 2
%“fﬁi, FIEAN G, AR AE MR 2? e, v TiReETEEE. &5
s, NIMABRIEE S, B A2 =T 22 AKTe, BT
B — L B X I B AR

« M(Il), the invariant mass of two same-signed leptons;

* MET, missing transverse energy;

« M(jj)V, the invariant mass of two closest jets among all selected good jets;
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Cut flow Event yield Efficiency
Evgen - 100%
HIGGS8D1 2.76 56.34%
Event cleaning 2.76 56.34%
Trigger 2.10 44.84%
Channel ee Uy eu ee uu eu
OB, OLR 0.29 0.28 0.56 5.86% 6.23% 11.96%
Tight leptons, trigger match 0.14 0.20 0.33 2.33% 3.46% 5.68%
pr(€) 0.11 0.15 0.24 1.93% 2.70% 4.53%
b veto 0.10 0.14 0.23 1.79% 2.49% 4.18%
MET 0.10 0.14 0.22 1.76% 2.45% 4.10%
Drell-Yan cut 0.10 0.14 0.22 1.76% 2.44% 4.10%
Z veto 0.08 0.14 0.22 1.58% 2.44% 4.10%
Nie 2 3 0.05+0.002  0.09+£0.002 0.14+0.003 | 1.03% 1.92% 2.99%

2 2.4 The cutflow of pre-selection for non-resonant /1/ signal. The cross-section of pp — hh is

33.41 fb. The event yields are normalized to the luminosity of 36.1 fb~!, corresponding to the

final state of two-signed leptons. The statistical uncertainty is aded in the last row.

»
A~ 1o

Efficiency (%)

w
ol

[EEN
a1

=

|

lIIlIIIIl III|IIII|IIII|IIII|II\I|IIII|IIII|IIIl

o ) n
a1 N 01 W
lIIIIIIIlIIIIlIII |IIII|IIII|IIII|IIII|IIII|IIII

ee

My

e

Non-resonant mX=260 GeV mX=300 GeV mX=400 GeV mX=500 GeV

& 2.1 The final efficiency of pre-selections for i/ signal samples.
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1

4.5

ee
"

e

3.5

Efficiency (%)

2.5

N
%‘

llIlllllllllllllllllllllllllllllllllllllllllll

15

llllllll

0.5

IIII

| | | |
M, My, X, i, X, mxs,
<30, <35 <34 <34 <34 340
0Ge,, 0Gg, 0Ge), 0Gg, 0Gey, G

P>
N
8

<

<

' :135%\/1 *1356\8'/' :13566V' QISSGelz' :Jqscevl tlssGel/ ”78:165‘3@]/
& 2.2 The final efficiency of pre-selections for SS signal samples.

* M(l1jj), the invariant mass of leading lepton and two closest jets;

M (all), the invariant mass of all selected objects;

* My, the transverse mass of all selected objects;

AR,.in (€1, j), AR distance between leading lepton and the closest jet;

AR,in (s, j), AR distance between sub leading lepton and the closest jet;
2222 SS{ESk

S FRi b AT BT M 135 GeV £ 165 GeV, X $iF M 280 GeV %] 340 GeV,
SS 5 hh BAEMVWBI 1 mT, N T RATRESSING 515 5 8, Nu 70 KE
AT, BEffar:

o [E5E mg = 135 GeV: my = 280 GeV, my = 300 GeV and my = 320 GeV;
Niet 225

o [&5E mx = 340 GeV: mg = 135 GeV, mg = 145 GeV, mg = 155 GeV and
mg = 165 GeV; Nt >3,

RNAETY 2.2.2. 1898 /22 A B th i skt — DAL E 5

10
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I AL UL L I I LI I UL I L I LA L I I I UL I
12000F | A o
r X (260 GeV)— hh — WW Ww"] X (300 GeV)— hh — WwW'Ww" ]
10000 — 1stJet . — 1stet ]
C —— 2nd Jet ] —— 2nd Jet g
- — 3rd Jet 1 — 3rd Jet ]
%‘ 80001~ — 4th 3t ] —— 4th Jet R
193 C ] .
2 6000_— - B
z L ] 1
40001~ - .
2000F = -
C e I -~ L A 1 ]
CO 20 40 60 80 100 120 140 160 180 200 C0 20 40 60 80 100 120 140 160 180 200
Jet pT [GeV] Jet pT [GeV]
(@) (b)
LR AR RARE RARE AR RN RS RN RS R L B I B UL B I L IR
X (400 GeV)- hh - WW'Ww'" 3 800 X (500 GeV) hh - Ww'Ww"3
—— 1st Jet E 700 —— 1stJet -
—— 2nd Jet = —— 2nd Jet 3
— 3rd Jet E s 600 — 3rd Jet E
— 4th Jet 3 —— 4th Jet 3
_E & 500 _E
E 2 400 =
E z E
= 300 =
3 200 3
3 100 E
T i ] ok I I e T E
20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
Jet pT [GeV] Jet pT [GeV]
(©) (d)
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& 2.3 Distributions of p; and number of jet for signal. Figure 2.3a to Figure 2.3e are distri-
butions of pr of jet before 25 GeV cuts, corresponding for mX=260, 300, 400, 500 GeV and
non-resonant signal. Two dashed vertical lines are py=10 GeV and p;=25 GeV, respectively.

Figure 2.3f is number of jet distribution after 25 GeV cuts.
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ttH 3388, ZE s 1 MC fhite QmisID — Bk E T Z + jets i1 11 (3213248
WAR) o fakes KET W+ jets, 1t (ffey340) R, Hf—4 jet B
A FE PR SRIET b-jet (non-prompt) . HFij ATLAS MC ANREIR U Huffiik
QmisID ] fakes, 1 3.1f7R, WIERFTAE =M MC B, AILVER], 45
BRBUH A AT R ZE » FTLL, X3 0] data-driven {735 2f4 11 QmisID Al fakes
EAWER. ELNFE T, ik QmisID 1 fakes Hfd 117 %
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& 3.1 The comparison between data and all MC backgrounds at pre-selection level. Left: ee,

middle: uu, right:eu. The slashed pink bands are corresponding to statistical uncertainties.

Each process is normalized to the luminosity of 36.1 fb~!.
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3.1 QmisID f&1t

AU~ 20 [ BT AR DR TE R 11 Z veto HURERESSHE, SANCKHEA 12 A0
Z + jets Hi, (HINAR—AHMERA, MIERARRYERFAIE, (B ERIX PR
AR, 75 M= — 5 i) QmisID otk SR AT 5. iR 8 TeV {HIHF
g [16], p WA RFIRAEE L (—RATT 107°) ', FrRlA%5 il i)
o
HEL - FEL e R AT PR R A -

o HEFEFERMGPORRT, Sy (EECRSD » mEXAe 74
P RIE AU, PR RE S A A s E ey, A S FELr Y ORI L AT
SECAATIRA . FIEURMT HEE A R A RE, PE S B Il 22
e, B A LT B R AR T Il

© BURPOTIAX SRR, SR BRI RS S, A
AR/ Nl AR A A0 5 BE e O SRS DR GRS R Y, 4531 5 4 AH Sz i R F
s, MIMSEHRMA A Fril, i BA s X RO e e, TR
LBRFIFBAIT pr oo

3.1.1 UARARETTE

MRS R FLART BRI T A, RO Z Bt AR a1
HEAA e S U, BT LA Z b RE m] LARTR e FE - B AT R, SR
LSRR BRI [17], AR ELER R R T -

In L(g|Nss, N) = Z In[N (e; + &; — 28,;) N — N (e; + & — 28,8;)  (3.1)
Lj

Hrr, e ey 235100 1 — pr ZZEXEIFES i DAOGE § D HFRIRHIER, Ns %H N
e MEEE I AH R H AT R BN S BE. 7 — pr KIS 2R3 28 /X,
|m$HPFMQ§@%AﬂkhU)0601113715217020024H$DU06090
130, 1000] GeV. fififm, M ISR AR, FFIgRELT IR T

1 218 Z B i RE RN 4, Hris 1 uia ORI 5 B2 firid —
£

!The rate of charge mis-identification for muons is only affected by the track curvature. Because of the long lever

arm to the muon system and the fact that the charge is measured in both the inner detector and muon spectrometer the
mis-identification rates of the muon charge are very low, making this background negligible compared to the other

sources of background
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2. fERTEEE P SR A S Z AR PR, 755 Z AR A E
K MIFRHER 22 oo TG 22 AN T =4~ X ]

A B C
(k=80,k—40) (kx40) (k+ 40, k+ 80)

3. N TS Z B A, BIRARSHIND, B Ny = np— 2230,
4. PreBdEIR R AT 7 SS F1 OS, FIH S KSR R ELEAT 25 Inl -
DX AR 2
3.2/ /8 FL - FLAT R R || SEAMTIES R, BUNAES Inl B2 28 S 2 4R
MgEhEL; RAIFRMEEE pr BRI, XSREIE . &5, FIHA
321 ee Ml ep JEATSWIETEIG ., 16 N = 2 1 (N = 3) A5 451
H4 51K 101.47+0.60 (35.60+0.38) 1 18.21+0.23 (8.38+0.16).

Sqn1 =
o0 E ATLAS internal
= F Ldt =36.1 b
o2 (s=13Tev ——t—]
E —
i ﬁ_ L
-3 L %
07E P —
- ————
: : —e— p_ 0[10,60] GeV
107 - ; —=—p_0[60,90] GeV
3 h P, 0[90,130] GeV
B —— p_ 0[130,1000] GeV|
.
10°° =
E ol ]
0 0.5 1 15 2 25

Inl

& 3.2 The electron charge mis-identification rates as a function of (||, pr) computed in data

with the likelihood method.

g +e&; —2g&; . £
NlesID L J J OS’ N‘S‘mlle — NOS (32)

1-&i—¢;j+2¢¢;
312 RFFIRE
AE QmisID fliitHh, BT =f AGEIRE:
L. B4 Inl = pr /NI e TR 2

2. N TIESEMR R BT IR RS . W EARIH] Z MC #E17 AR R BRI A
i, ROAFE MC i, HE-RARZ ERIAY AT EEBAUAIR BR Sfl (B L SR
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HAIWZ TIER SR E (closure test) o & 3.3004% T EH AL H S LISRBRE, T11H
MR B ZIEREAE S QmisID [ RGEIREZ —

ATLAS Iinternal
Simulation Z+jets
\s =13 TeV

Truth-matching
-© - p_0[10,60] GeV
- £3- p. 0[60,90] GeV
A-

el

U

: 90,130] GeV

130,1000] GeV

10,60] GeV
60,90] GeV'
90,130] GeV/
130,1000] GeV

T
T
T

o oo gloo o
oooo |[ooo

g’ Histogram
5 25
T
£ 2
£ | °
S 15
£ E A —— —a—
E A 'S
3 1E= 3 M —— J—
o = 1 7*7 ! ——
= 05 —
S E
E4 oE
- 05 1 15 2 25

& 3.3 The comparison between the charge mis-identification rates of electrons measured in

simulated Z — e e~ events with the truth-matching method and the 2D likelihood method.

3. Z WK ASE 20 QmisID (i, el e Z k1o, H
QmisID I H RS (L% JE R RGEI5 2.
] 3455 T JURRGIREA AR Inl - pr ATH A/, BEZ pr 19BIINGE 82
ORI RH A TR RSN, JOUC ALK B8 5% 25 1 X T
%,
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25
Inf

.g i  ATLAS Interal [ ]Z peak range g i  ATLAS Internal [ ]Z peak range
Q [ _ -1 5 r _ Bl

s [ Lot =361 fo - Grruth-maten ik, s Ldt=36.1 fo - Grruth-maten.~Clik.
2os- V5=13Tev eali 208 Vs=13Tev -

5 L b, 0[10,60] - Likelihood 50 p, ([60.80] Gev - Likelihood

@ o

.;% - ATLAS internal [1Z peak range g F ATLAS internal [1Z peak range
g [ _ 1 5 14— _ -1

§ L Lot =361 fo - vauth-match.'ﬂ.wk. § n Ldt=36.1 fo - Eh.,m_ma‘ch_-qik_
28~ V5=13Tev i 2, Vs=13Tev -

5 P, 0[90,130] GeV - Likelihood 5 p, 01130,1000] GeV - Likelihood

« 4

25
Inl

& 3.4 The systematic uncertainty on the charge mis-identification rate, for different bins in

pr and [n7].

3.2 Fakes f&1t

BRE R TR — R E AR, B HIE sl AR AN R, MC
FERBEIRIF A . B LA D E(d B data-driven [ 775 At FZ AR . 1E1% 4
Breb, 318 A fake factor [ 7775

3.2.1 Fake factor J53%

£ 4W 53HrHh, Fake factor J7 1% 1% /2 fake factor A& T~ jet £, HE L
EHAPI tight SS RPHHFIESHEA 1 tight Al anti-tight [
BPREEELLe], i 3.3,

_ Nee

Ny
Hrh, €20 tight EFEE u ., /2 anti-tight W7 W, 72 BEAERE
J2 fake factor Hfw FRIMERFR > - 43 BRI LSRN Y A5 LS8 PR H A, TR
IR PRI SRS BRI SR AT R, 5 AMER S RET iR A
/N, AR — 5 TH L, FHE, N STHRZER . FTEL, b T IR R
GLiRZe , W FERTXEEHH R 52 . — ki, F1 A ID 1 isolation {44 1] LAR
TP M AR S A L, 1717 isolation FAL 2 50T LAF SR IR 4500 1 1 [18]s
TEARGIHTHR, € FIL 1Y€ SLINEE 310156 3.2/

¢ (3.3)
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tight electron anti-tight electron

ID TightLH fail TightLH

isolation isolationFixedCutTight -

QmisID | ChargeIDBDTTight>0.067 ChargeIDBDTTight>0.067

2 3.1 definitions of tight electrons and anti-tight electrons. In addition to the inverted ID

requirement, anti-tight electrons are required to pass the loose selection criteria.

tight muon anti-tight muon

ID Tight -

isolation | isolationFixedCutTightTrackOnly fail isolationFixedCutTightTrackOnly

2 3.2 definitions of tight muons and anti-tight muons. In addition to the inverted isolation

requirement, anti-tight muons are required to pass the loose selection criteria.

(AR, BENTEARSH, AP N K50, LD TR R A, T
A fake factor I HsK—> jet; X T mfimat, Bk 18] 24 jeto L4505 3.3/
TNe B, VENEIT, FRATE HE R & B Y fakes BT R 0. ZRTEERL,

Region Fake factor CR (low jet multilicity region) | SR (high jet multiplicity region)
hh: mx=260, 300 GeV Nj=1 Nje, 22
Low mass
SS: Fixing ms=135 GeV, mx =280, 300, 320 GeV
hh: mx=400, 500 GeV, no-resonant 1< Ng<2 Njet 23
High mass

SS: Fixing mx=340 GeV, mg=135, 145, 155 and 165 GeV

2 3.3 Summary of different regions used to estimate fakes for low mass and high mass

searches.

ARJCALHE fakes, QmisID, Vy A1 promptSS, A [ ANEE Z REX LA, LPritHE
fake factor HJ i Y i iX LeAR i, AT 3.5 7R

Ndata _ NpromptSS _ NVy _ NQmisID
ee

fell < N < 2= Ndata _ AsPromptSS_ aApVy - QmisID MC (1< Nt < 2) (3-4)
of of of ef
Ndata _ NpromptSS _ NV)/
0,(1<Ng<2) =2 H P (1< Nu<2) (3.5)
data __ pspromptSS  »;Vy
N N N
y y y

ATLVEE], promptSS, QmisID 1 Vy f£70 1 B M . promptSS Jfl MC
firit, HF HEOR Hf— 42 7REGS DL RC R H 524+ (truth-matching) o Vy H 7] H]
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MC fliif, (HRFFAER truth-matching, KA H A — M2 FRATEER AT yo X
F QmisID, 43 7rhffy Neb™® T 380k, i NP M BB MC Ay

¢

11, HAESK 7 truth-matching, 38 2?2338 2?05 AE N B0, HRIT

. fake factor &5 HYE -

Selections

Vv

1tV

tV

ttH

Vy

QmisID

Data

]Vjet ==1

ee

204.64+19.13

1.09+0.08 5.08+0.93

0.03+0.01

135.94+12.84

164.46+0.65

976

of

44.26+3.51

0.13+0.03  8.25+1.32

0.00+0.00

67.33+10.49

135.54+71.62

1116

% 3.4 Observed number of data and expected events yields in low jet multiplicity region, which

is used for fake factor calculation of electron in low mass search. Uncertainties are statistical.

Selections

Vv

17A%

tvV

ttH

Vy

Data

]Vjet ==1

o

296.37+9.72

1.92+0.11

591+1.01

0.02+0.02

0.00+0.00

455

up

56.84+5.00

0.13+0.03

20.80+2.34  0.00+0.00

0.63+0.45

378

2 3.5 Observed number of data and expected events yields in low jet multiplicity region, which

is used for fake factor calculation of muon in low mass search. Uncertainties are statistical.

Selections

4%

1A%

tv

ttH

Vy

QmisID

Data

ee

309.38+£19.75

3.67+0.16

11.27+1.47 0.10+0.02

213.30+17.29

230.40+0.81

1434

1< N <2

ef

66.58+5.19

0.39+0.06

15.85£1.89 0.02+0.01

104.00+12.71

187.16+78.65

1591

% 3.6 Observed number of data and expected events yields in low jet multiplicity region, which

is used for fake factor calculation of electron in high mass search. Uncertainties are statistical.

Selections Vv 1tV 1% ttH Vy Data
up | 463.01+11.61 6.14+0.21 15.20+2.26 0.17+0.03 | 0.01+0.01 | 729

1< N <2
. g | 7430£540  0.45+0.06 43.59+£3.37 0.02+0.01 | 1.62+0.74 | 658

2% 3.7 Observed number of data and expected events yields in low jet multiplicity region, which

is used for fake factor calculation of muon in high mass search. Uncertainties are statistical.

B4, RIRA 3.5, 1525 TR fake factor, HZ5/E5 3.8 4% oK,
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Selections | Fake factor Value
6, 0.5401+0.0311
Njet ==1
0, 0.5033+0.0503
0, 0.5472+0.0264
1 S I\Jjet S 2
0, 0.4544+0.0350

3.8 Summary of fake factors of electron and muon with different N;,; requirements. Uncer-
= y et T€q

tainties are statistical.

AL RAEE X, RIS Neewrjer X, 1 fakes fiTHE. THEJEIIT

Ngﬁ;kes(lvjet > 3) — (N:ata _ NpromptSS _ NVy _ NQmisID MC)(Met > 3) % 96 (36)

¢ of of ef
N/Ee/llkes(]vjet > 3) — (Nl‘j;ta _ Ni;’mptss — NX;)(]VJet > 3) X 9# (37)
Nfakes Ne > 3) = Ne _ NpromptSS _ NVy _ NQmisID Ne >3)x 6
ep ( jet ) ( 3 ey epl ey )( jet ) M (3.8)
romptSS 1'% misID MC
+(Ny, - N;ﬂ S _ N %Ij - N}Z )(Niet > 3) X 6,

2 I HE R R EA T 5 fake factor Y HIK, 3€ 3.9 (52 3.10) SE55 L
57\73? Ntextjet > 2 (Ntextjet = 3) ETJLE/‘J&{EO E%Ea ﬁ“ﬁf@?” %%IZE/‘J fakes é%

Selections Vv % tvV ttH Vy QmisID Data
ef | 37.39+4.24 1.67+0.12 11.55+1.62 0.19+0.04 | 51.74 £ 8.67 | 137.17+33.00 | 829

N 22 up | 32.41+£2.83  1.44+0.15  38.97+3.15  0.12+0.03 1.01+0.59 583
du | 39.71£3.06 2.02+0.17 1546 +2.13 0.19+0.04 | 53.50 +9.21 | 195.94+19.80 | 708

ey | 17.89£2.50 042+0.10 17.00+1.99 0.03+0.02 | 0.75+0.39 0.43+0.03 267

Z 3.9 Observed number of data and expected events yields in high jet multiplicity region,

which is used to predict fakes in low mass search. Uncertainties are statistical.

Wi 3ALFTR . Hrft, FUBIET Sithas, HAHETRA 0, x (N30 (18],
322 RHRE

115 fake factor BN AU N RA IR %

I IR E, Ik N KNG ITHRZE S £38%] fake factor;

2. QmisID, QmisID [T ee iR HAAR, AL L6185 0,
ERa =

21
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Selections Vv A% tvV ttH Vy QmisID Data
ef | 15.07£1.83 1.41+0.11 3.96£0.90 0.17+0.03 | 15.07+4.85 | 85.54+£6.45 | 354
My | 1495£1.94  1.12+0.13  16.18+2.01 0.10+£0.03 | 0.03+0.03 - 303
N 23 fu | 17.84+£2.04 1.60+0.16 6.71+1.62 0.18+0.04 | 17.98+5.18 | 102.56+5.64 | 287
ey | 478x1.06 0.36+0.09 7.68+1.24 0.02+0.02 | 0.44+0.27 0.21+0.03 149
% 3.10 Observed number of data and expected events yields in high jet multiplicity region,
which is used to predict fakes in high mass search. Uncertainties are statistical.
] Njet > 2 Njet 2 3
Selections
ee HU e ee HU e
Event yield | 318.27+9.64 | 256.20+8.06 | 332.69+9.62 | 127.38+6.10 | 122.97+5.58 | 138.25+6.16

% 3.11 Estimated jet fakes in three channels with different selections. Uncertainties are sta-

tistical.

3. Closure test, 7047+ fake factor I EHAEAMKHT jet £, (HILR
WA RARER, Irloh T % B IR, Al LRI MC (semi-leptonic 17)
& i fake factor 7715, W4FLSLHY fakes STMEIE A RSz . BAMBELTT

© TR 1< N <2, HHON T8RS, B b—veto, Z veto HI42F pr
A

© 1Lt ee (eg) Mlpup () FH, 1A fake factor (%—j;):

6, = 0.32+0.12,6, = 0.12 + 0.04;

© ST Niexijer XHY fakes 20 (60 X N,y) o
2 3020945 T AE 17 MC hESL fakes, FOME LA B A2 RIAGHIXS 25, H
e H B KX B2 /E K fake factor closure RAEIRZE o

Predicted Real Relative difference
ee | 24.69+9.47 26.92+2.06 9.03%
pu| 30.44+£10.00  34.88+2.35 14.59%
eun | 40.80+11.31 56.63+3.01 38.80%

2 3.12 Non-closure uncertainty on 6, and 6,. To reduce the statistical error, SS, pr(¢) and

M (¢£€) >15 GeV requirements are dropped in pre-selections.
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4. RS (K N 518 N K T X AET SR8, PR 3.137EN
Bk, FTLAVER], BEE jet ZUHIIEAN, of BLLBIAENIE K. AERIER] jet AR
[F IR, M FE AR 2 A AR R fake factor fEIGAfTHH, fake factor /&
FEAIG Niee AR, 0S5 W AR S Njews ARAMNGE 33, of ATRRARAG T o
N T AMEN TR ZE, ATLLES LAE fake factor 51, h_EZE/D— b-jet By
e, AUMBTZ B ZE 0N R R, S5 3.14/7R

Pre-selections Nje=1 Nje=2 Njet 23

ee ot ep | ee  pp  ep | ee  up  ep

Sherpa W+jets | 38.84 30.74 152.01 | 449 1398 49.85| 520 3.96 19.88
Sherpa tf 720 -0.34 1032 | 9.62 37.35 6295 ]| 15.66 28.04 59.79

Niz/ Nwjets 0.19 -0.011 0.068 | 2.14 267 126 | 3.01 7.08 3.00

% 3.13 The contribution from 7 becomes bigger as more jets are required. W+jets and 7

(semi-leptonic) MC samples are produced with the same generator (Sherpa).

Nie=1 with b veto with b—jet uncer.
0. 0.5401+0.0311 0.7228+0.1919 33.83%
O, 0.5033+0.0503  0.3438+0.0856 31.69%

1 < Njt £2 with b veto with b—jet uncer.
0. 0.5472+0.0264 0.8000+0.1171 46.20%
O, 0.4544+0.0350 0.3060+0.0413 48.50%

% 3.14 The fake factors with and without h—jet.

5. prompt SS FEAETH . F fake factor {155, prompt SS {E AT, B
ZEA TR B BRI (A 25 5 fake factor FYZEER, EATHERIEIRZE 21514 5] fake
factor [ 25, AT 1% 5E0A TR AR Bl 208 o
Fake factor H T R4t 1R 72 45 /3 3.15H13 Table 3.169. AJLAAEL, & BEH)
27252 Non-closure MIFEA S 5 : X T p i, WZ B~ AE#RHA 30% 2] 40%
BYEENE, T%TT electron fake factor, QmisID i%ZE Ak /NN 30%; HikES iR
ZEf/ N, AR 10% 2, SRR IR AR IR AN, BATIAE
KREETFIRZE BIRESD N 0], HLF- fake factor IR 206 & T 1 719, HEA]
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BAREHAE 60% | 72% [l

Nige==1 | 1 < Njetc £2
Statistics 5.76 4.82
QmisID 33.0 30.0
6, syst. 38.80 38.80
Sample dependence | 33.83 46.20
W=Ww+* 1.22 2.08
wZz 8.93 7.94
Vy 11.15 12.28
QmisID MC 1.50 2.00
Total 63.09 69.18

%% 3.15 Summary of systematic uncertainty on 6, with different N selections(in %).

Njet==1 | 1 < Njex <2
Statistics 9.99 7.70
6, syst. 38.80 38.80
Sample dependence | 31.69 48.50
W=Ww+ 6.06 10.39
wZz 39.0 33.6
Total 64.55 71.79

3% 3.16 Summary of systematic uncertainty on 6, with different N selections(in %).

323 RAFHAAREfATT

2 3ATHIZ 38 HIIALEE New 2 21 N 2 31, Bt W25 . 105
TUA A THE-S SRS SN IIR 5 FE T fakes [ 4011 1% 2= 1 fake factor
MRSV, SIS, BB (07 < NI )2 + 6, x Noge,
Hrpr 6 5 fake factor RAIRAE(H, N7 2 fakes WU, 15 = R TFiE,

fakes 85 A LBERAYLLGI, #BmT 30%, JUHAE ee 1, fakes /195 KIAIT
JKa . ik 44%. [ 3.5R1K 3.602 Nie U704, D BIXTRL Niee 2 2 Fl Njew 2 36
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3 HhHhIT

LI 3.1, HaE-SHUNA R & ARG T, oW Z AR A 2 R
A 222 T o

ee o ept

Jet fakes 318.27+201.23 256.20+£165.77 332.69+156.43
PromptSS 208.92+6.64  334.71£8.74  560.18+10.63
V+y 105.39+12.43  0.01+0.01 107.99+15.17
QmisID 101.47+0.60 0.00+0.00 18.21+0.23
Total backgrounds | 734.07£201.72  590.93+166.00 1019.06+157.52
Observed 790 487 1257

% 3.17 Event yields at pre-selection level, corresponding to Njec > 2. The total uncertainties
include all systematics on fakes and statistical uncertainties on the others. PromptSS and V 4y

are normalized to the luminosity of 36.1 fb~*.

ee Hu eH
Jet fakes 127.38+88.52 122.97+88.60 138.25+69.55
PromptSS 95.34+4.30 154.40+£5.64  262.03+7.04
V+y 28.03+4.52 0.01+0.01 51.62+13.75
QmisID 35.60+0.38 0.00+0.00 8.38+0.16
Total backgrounds | 286.35+88.74 277.38+88.78 460.27+71.25
Observed 332 213 511

% 3.18 Event yields at pre-selection level, corresponding to Njet = 3. The total uncertainties

include all systematics on fakes and statistical uncertainties on the others. PromptSS and V +vy

are normalized to the luminosity of 36.1 fb~!.
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