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O 4l channel is one of the most important channel for Higgs boson search B i
* A large signal-to-background ratio - |
 Complete reconstruction of final state decay products f
* Excellent lepton momentum reconstruction )
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Obijects

> Selected electrons

Loose electrons
Pr > 7GeV;ln| < 2.5
dyy < 05cm; d, <1cm;SIP;p <3

- BDT ID+Isoin 6 (Inl, P7)bins

Reduction of fakes for same signal efficiency when witch
from TMVA(V1) to xgboost(V2) library for BDT training

» FSR photon

P, >2 GeVi[nY| < 2.4;relPFIso<1.8
Electron SC veto by PF reference

Associated y to the closest loose lepton

AR(y,l) < 0.5; —— ARGy.D < 0.012; choose photon with lowest ARGy,

Ty ETy
Remove selected FSRs from lepton isolation cone for all loose leptons

> JETS

AK4 PFCHs jets
P > 30 GeV; |n| < 4.7; Tight PF jet ID
Cleaned AR(jet,l/y) > 0.4
Tight PU Jet ID
B-tagger:
- DeepCSV medium WP
- B-tagging SF applied

» Selected muons

Background efficiency [%]

o
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Loose muons

100 5

Pr > 5GeV;|n| < 2.4

dyy < 0.5cm; d, <1cm;SIP;p <3
PF u ID and tracker high P 1D
RelPFlso(AR = 0.3) < 0.35
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Event reconstruction and selections

e Z candidate
- Any OS-SF pairthatsatisfy 12 < my,) < 120 GeV

* Build all possible 77 candidates defined as pairs of non-overlapping Z
candidate; define Z; candidate with m;(,) closest to the POG m(Z) mass
- My > 40 GeV; Pr(11) > 20 GeV; Pr(12) > 10 GeV
- AR > 0.02 between each of the four leptons
- my;; > 4 GeVfor OS pairs (regardless of flavour)

- Reject 4y and 4e candidates where the alternative pair Z,Z, satisfies [m; —my| <|m; —
mz| andmy <12 GeV

- My > 70 GeV

* If more than one ZZ candidate is left, choose the one of highest Dll,(li(ré.

. IfDll)(li{ré is the same, take the one with Z, mass closest to m,
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Observables

* Two observables used: m,; kd

* Three different kd discriminant applied.
Dy =

(1)

— -1
qu (QH—>4£|m4£)
1+ bkg

PEE (V=4 myy)

— Discriminant sensitive to gg/qq — 4l kinematics

— Dedicated production-dependent Dygq discriminants used in VBF-2jet tagged and hadronicVH

tagged categories VBE Vi e =
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Event categorization — StageO

* Selected events are classified into seven exclusive categories to improve the
sensitivity to the Higgs boson production mechanisms.

CMS Simulation Preliminary 137.1 o (13 TeV) H e VBF-2jet-tagged category requires exactly 4 leptons. In addition there must be either
Untagged [RERESECNORCIENTE = 3%,: 2 or 3jets of which at most 1 is b-tagged, or at least 4 jets and no b-tagged jets. Finally,
_ B WH, W—X Dyjet > 0.5 is required.
VBF-1jet 17.61 t B WH, W—Iv . . ‘re
tagged .61 exp. events ZH, Z—X e VH-hadronic-tagged category requires exactly 4 leptons. In addition there must be
Y ZH, Z—2I 2 or 3 jets, or at least 4 jets and no b-tagged jets. Finally, Dy > 0.5 is required.
VBF 2’? 13.80 exp. events B i 01X &9 : 28554 Y ZvH e
tagge _ mm tiH, i—1+x ® VH-leptonic-tagged category requires no more than 3 jets and no b-tagged jets in the
MBESCHE 7 54 exp. events B ttH, 204X event, and exactly 1 additional lepton or 1 additional pair of opposite sign same fla-
tagged S b0H leptons. This cat Iso includ ts with no jets and at least 1 additional
VH-leptonic H vor leptons. This category also includes events with no jets and at least 1 additiona
1.73 exp. events lepton.
tagged _
fiH-hadronic e ttH-hadronic-tagged category requires at least 4 jets of which at least 1 is b-tagged
tagged and no additional leptons.
tiH-Iepto(r;ic o ttH-leptonic-tagged category requires at least 1 additional lepton in the event.
tagge
9 0O 01 02 03 04 05 06 07 08 09 1 o VBF-ljet-tagged category requires exactly 4 leptons, exactly 1 jet and D, > 0.7.
Signal fraction e Untagged category consists of the remaining events.

CMS HIG-19-001



Event categorization -- STXS1.1 bins

* The events are further binned within ggH, VBF, and VH in order to study deeper
structure within each production mechanisms. (10+6+2+1)

* The primary goals of the STXS framework are to maximize the sensitivity of the
measurements while at the same time to minimize their dependenceon the

theory predictions.
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Event categorization -- STXS1.1 categories

* Untagged, VBF-2jet-tagged, VH-had-tagged, VH-lep-tagged category are further split. 22
sub-categories are designed to match the STXS Bins defined.

e Untagged category:

ggH/pT>200: the Higgs boson has p? > 200 GeV;

ggH-03/pT [0, 10]: 0jet reconstructed and 0 < p? < 10GeV;
ggH-073/pT[10-200]: 0 jet reconstructed and 10 < p? < 200GeV;
ggH-13/pT[0-60]: 1jet reconstructed and 0 < pr < 60 GeV;
ggH-13/pT [60-120]: 1jet reconstructed and 60 < p < 120GeV;

ggH-13/pT[120-2001]: 1jet reconstructed and 120 < p? < 200GeV;
ggH-273/mJJ>350: 2 jets reconstructed and m;; > 350 GeV;

ggH-23/pT[0-60]: 2jets reconstructed, 0 < p? < 60GeV, and mj; < 350 GeV;

¥ ® NS Ok D=

ggH-23/pT[60-120]: 2 jets reconstructed, 60 < p? < 120GeV, and my; <
350 GeV;
ggH-273/pT[120-2001]: 2jets reconstructed, 120 < p? < 200GeV, and mj; <
350 GeV.

—
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Event categorization -- STXS1.1 categories

* Untagged, VBF-2jet-tagged, VH-had-tagged, VH-lep-tagged category are further split. 22
sub-categories are designed to match the STXS Bins defined.

e VBF-1jet-tagged category: VBF-1j
e VBF-2jet-tagged category:

1. VBF-23/pT>200: py > 200 GeV and m;; > 350 GeV;

2. VBF-23/mJJ[350,700]: py < 200GeV, p;/ < 25GeV, and 350 < m;; <
700 GeV;
3. VBF-23/mJJ>700:py < 200GeV, pr” < 25GeV, m;; > 700 GeV;

4. VBF-35/mJd>350:py < 200GeV, py’ > 25GeV, m;; > 350 GeV;

5. VBF-rest: if not above.

VH-hadronic-tagged category

1. VH-had/mJJ[60-120]: 60 < mj; < 120 GeV;

2. VH-rest: not above.

VH-leptonic-tagged category
1. VH-1ep/pT[0-150]: py < 150GeV;
2. VH-1lep/pT>150: p? > 150 GeV.

ttH-hadronic-tagged category: tt H-had.

ttH-leptonic-tagged category: t tH-lep.



ggH-0j/pT[0,10]
ggH-0j/pT[10-200]
ggH-1j/pT[0-60]
ggH-1j/pT[60-120]
ggH-1j/pT[120-200]
ggH-2j/pT[0-60]
ggH-2j/pT[60-120]
ggH-2j/pT[120-200]
ggH/pT>200
ggH-2j/mJJ>350
VBF-1j
VBF-rest
VBF-2j/mJJ[350,700]
VBF-2j/mJJ>700
VBF-3j/mJJ>350
VBF-2j/pT>200
VH-had/mJJ[60-120]
VH-rest
VH-lep/pTV[0-150]
VH-lep/pTV>150
ttH-lep
ttH-had

Reconstructed category

Event categorization — Stagel.1

CMS Simulation Preliminary
[ ggH-0j/pT[0,10]
R 99H-0j/pT[10-200]
[ ggH-1j/pT[0-60]
(] 9gH-1j/pT[60-120]

[ ggH-1j/pT[120-200]

[ 9g9H-2j/pT[0-60]

[0 ggH-2j/pT[60-120]

R 9gH-2j/pT[120-200]

N 99H/pT>200
I 99H-2j/mJJ>350

137.1 fb™ (183 TeV)

[ qqH-2//mJJ[60-120] (] VH/pTV[0-150]
[ aqH-2j/pT>200
[ qqH-2)/mJJ[350,700] (R bbH
I qqH-2j/mJJ>700
I qqH-3)/mJJ>350

I qqH-rest

[ VH/pTV>150

3 ttH
/|

N
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Signal fraction

Expected
events

25.6
90.8
29.1
14.6
4.38
4.42
6.30
3.7
3.91
1.16
17.6
3.56
1.95
2.25
4.81
1.22
6.77
0.77
1.37
0.36
0.70
1.19

 Signal relative purity of the 22
event sub-categories in terms of
the STXS Stage 1.1 Binsina 118 <

m4l < 130 GeV mass window.
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* Irreducible background

Background estimation

- Production of ZZ via gq annihilation or gluon fusion

- Estimated using simulation

* Reducible background

- Secondary leptons produced by
heavy-flavor jets

- Misidentified as leptons from decay
of heavy-flavor hadron, in-flight

Two dependent methods used to estimated Z+X background: OS and SS

Fake rates calculated in Z+| control region

Z+X yields estimated in 2 orthogonal regions of Z+Il control region

Final estimate combination of 2 methods

decays of light mesons within jets, or
(for electrons) decay of charged
hadrons overlapping with %decays.

(Main prosesses of producting these background:

Z+jets, tt+jets, Zy +jets, WW+jets, WZ+jets)

Channel 4e 4y 2e2p 4¢

qq — ZZ 33312 62213, 815 +73 1770*3%5,

gg — ZZ 7511152 | 116.6715% | 176.9+23.0 | 3685152

Z+X 193472 | 50.8+15.2 | 64.6+15.6 | 13474229

Sum of backgrounds 42810 79038:% 1057 £78.1 2274283:3

Signal (my = 125 GeV) | 19.6737 | 40.8753 50.7 + 5.6 111.1757

Total expected 447>5> | 8301352 | 1108+£78.3 | 23851 5

Observed 462 850 1130 2442

11



Systematics Uncertainties

* The experimental uncertainties
- dependingontheyear of data taking
- Integrated luminosity
- Leptonidentification and reconstruction efficiency

e Theoretical uncertainties
- renormalization and factorization scale and choice of PDF set

* In combination of the three-year data, the theoretical uncertainties and experimental
ones related to leptons or jets are treated as correlated while all other ones from
experimental sources are taken as uncorrelated.

2016 2017 2018 Summary of inclusive theory uncertainties
Luminosity | 2.6% 2.3% 2.5% BRH — ZZ — 4{) 2 %
0 5 . QCD scale (qq — ZZ) +3.2/-4.2% %
Leptoneff. |2.5-9% |3-12.5% |[2.2-16.1% PDF set (qq — ZZ) +3.1/-34%

Electroweak corrections (qq — ZZ) + 0.1 %




ggH,bbH

0,975 (stat) 7 (syst)

VBF
0.647 5 (stat) f: ;:(syst.)

VH

1155 5 (stat) %

" (syst)

ttH,tH
0137 92(stat) 000(syst )

Signal Strength — Production Models

CMS Prellm/nary

1371 fb (13 TeV)

CMS Pre/iminary 137 1 fb" (13 TeV)

l"inclusive

TTTTTTTTd I lllllll ||l|||||ll| llllllllllll l'lll
HoZZ )

e m,, profiled

l LI LB B L L L B L L L B

... /-\ ----------- ------------ @----HﬁZZrzlll ----- — Hinclusive

- m, proflled E
- . VggH

'c»'oom

YVBF,VH

+0.11
-0.10

— — —
T

: ] best fit:
BT \ .......... ..... . u-68%.CL .......
—95‘70 CL :

1  MHiHptH

HvBF

HvH

Expected Observed
1007335 (stat) §(syst) | 054§ stat) E88(eyst)
100318 (stat) 8 syst) | 05785 stat) 2(eyst)
100434 stat) 47 (syt) | 06808 (stat) B st
100575 (stat.) 035 (syst.) | 115755 (stat.) 03¢ (syst.)
100578 (stat.) * 5o (syst.) | 0.13* 53 (stat.) *Ggo (syst.)

02 04 06 08 112 14 16 1.8 2
W M 9gH,bBH, ftH,tH

i _ +0.11
HggH 1iH.hbH.1H = 0.967,

+0.29
HvBF.VH = 0.83 —0.35

* Perform multidimensional maximum likelihood fit to (m,,KD) templatesin 66channels (3x22)

 Total PDF is defined as: Lyp(myy, Dbkg)

L(myp) L(Dysisy[mag).

CMS HIG-19-001
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STXS — Stage 0 & Stagel.1 i

my profiled ogy (fo)
CMS Preliminary 137.1 6" (13 TeV)
""';Z'de'l' ggH-0/pT[0,10] 0.87728 0.80
m,, profiled - (f_’b) ggH-0j/pT[10-200] 1.06708 2,53
SM ggH-1j/pT[0-60] 0.78'0:° 0.88
ggH-1j/pT[60-120] 0.82% %" 0.57
ggH,bbH 0.96:°" I 5.55 ggH-1j/pT[120-200] 15275 | Hm— 0.10
ggH-2j/pT[0-60] 1.474 % | H+=— 0.16
ggH-2j/pT[60-120] 1.597)%°| H—m— 0.23
e ggH-2j/pT[120-200] 1.16°>> | }—m— 0.11
VBF 08245 | =l 045 ggH-2i/mJJ>350 0.0072m | 0.10
ggH/pT>200 0.477>." |-m 0.07
qqH-2j/mJJ[350,700] 1.7, = | 0.05
VH 113575 | F—= = 0.27 qqH-2i/mJJ>700 0.93% . —a— 0.07
qqH-3j/mJJ>350 2.89%7 . : 0.04
qgH-rest 0.00%2:° — 0.25
fiHtH 0.13:°% fm—Hf 0.06 qqH-2j/pT>200 ooo*é’ggI: 0.02
IIIIIIIIIIIIIIIIIIII o VH/pTV[0-150] 3.212:% : - | 0.11
0 0. 5 11 5 2 2531354 4 55 VH/pTV>150 0.00TJ‘&ZI——| 0.03
O/OSM qqH-2j/mJJ[60-120] 0.575 2 |-m+— 0.05
ttHtH 0.073 50, B—4 100,006,
* The ratios between measured cross sections and the 012345678910
SM prediction for Stage 0 and Stage 1.1 Bins with mH O/OSM

profiled in the fit. y




Fiducial/Differential Cross Section

distributions of the separate production modes.

® This measurement has minimal dependence on the assumptions of the relative fraction or kinematic

| Requirements for the H — 44 fiducial phase space

Lepton kinematics and isolation

Leading lepton py
Next-to-leading lepton pr

Additional electrons (muons) pr
Pseudorapidity of electrons (muons)
Sum of scalar pr of all stable particles within AR < 0.3 from lepton

pr > 20 GeV
pr > 10 GeV
pr > 7(5) GeV
7| < 2.5(2.4)

<035 pr

Event topology

Inv. mass of the Z, candidate

Distance between selected four leptons
Inv. mass of any opposite sign lepton pair
Inv. mass of the selected four leptons

Existence of at least two same-flavor OS lepton pairs, where leptons satisfy criteria above
Inv. mass of the Z; candidate

40GeV < my < 120GeV
12GeV <mz, <120GeV

AR(4;,£;) > 0.02 forany i # j

My p— > 4 GeV
105GeV < my, < 140 GeV

| Signal process Aﬁd € f nonfid | (1 + f nonfid) € |
Individual Higgs boson production modes
gg—H (POWHEG) 0.402 4+ 0.001 | 0.592 £0.002 | 0.053 + 0.001 | 0.624 + 0.002
VBF (POWHEG) 0.444 4 0.002 | 0.605 £ 0.003 | 0.043 4+ 0.001 | 0.631 +£ 0.003
WH (POWHEG+MINLO) | 0.325 + 0.002 | 0.588 & 0.003 | 0.075 £ 0.002 | 0.632 + 0.004
ZH (POWHEG+MINLO) | 0.340 &+ 0.003 | 0.594 & 0.005 | 0.081 £ 0.004 | 0.643 £ 0.006
ttH (POWHEG) 0.314 4+ 0.003 | 0.585 £ 0.006 | 0.169 + 0.006 | 0.684 £ 0.007

N(fﬂ;s(mu) = ﬁd (m4e) + Nt onﬁd(mzw) + Nnonres(mM) + kag(m4e)
= (1 + f, onﬁd) ‘fﬁd L+ Pres(mayy)

fl 24
+ Nn(l)nres ’ Pnonres(’”M) + Nb11<g ) Pbkg(m4Z)I

Oria. = 2.732059 = 2732535 (stat. ) 5545 (syst.) fb

oM = 2.76 +0.14fb

CMS HIG-19-001
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o4 (fb)

oy (fb)

Fiducial/Differential Cross Section
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L L UL IR LU LR I

CMS Prellmmary | 137.1 fb (13 TeV) MS lmlnary 137.1 fo! (13 TeV) CMS Pfe”m""a’yl _tar.1 fo (13 Tev)
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- ¢ 2018Data (59.7 fbf ] 1| %% gg-H (POWHEG) + XH 24 = g F4#% gg—H (POWHEG) + XH 1 1 1 1 1
- === Systamatic uncertainly 3 E i , B ii VBF + VH + tH (POWHEG) e %" SE (7] XH=VBF + VH + tH (POWHEG) E fiducial cross section in
- —H (NNLOPS) + XH = m=125.08 Ge S g M =125.00 Ge E . .
i D00 oo (OWHES) 2 30 ; 5’_ (rOmSHGYRL Mot 21 = 28 (LHO HSWE YRA, m 125,09 GeV) i different final states and as a
— [C] XH=VBF + VH + ttH (POWHEG) ] o 1072 %* E 4= 2K — .
(LHC HXSWG YR4, m =125.09 GeV) § O ] -8 15F E function of +/sS. (left)
1 o 2L ~F ]
1 & 3 E 1E E . . .
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3 S 12t - - 5 | o
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, — 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1L 1 1 1 1 1 1 1 1 1 1 1 1
. . L 0 50 100 150 200 0 0.5 1 15 2 2.5 th : . .
e leading associated jet are
4 2e2n  4n 4e p_(H) (GeV) ly(H)! g ]
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5.1 b (7 TeV), 19.7 fo' (8 TeV), 137.1 fo (13 TeV) CMS Prleliminauy| | 137.1 fb‘l‘ (13 TeV) < 10 _CIVIIS Pr ‘?”’,””l’a,’y S 137.1 fb (13Tev)_ g
_I TTT I TTTT I TTTT | TTTT I TTTT I TTTT | TTTT | TTTT I TTTT l TTT l —— : : E E .
6 1L el t Daia(stat osys. une) 1 o ; f Dt oss ) 1 ®The sub-dominant component
r CMS ] SN 1 E Systematic uncertainty 3 (D B — Systematic uncertainty i
[t Datastat @sys. unc) 18 90-+H (NNLOPS + Pytha) + XH S T < 1 of the the signal (VBF+ VH +
5 s ) ) — 10F Y4 gg—H (POWHEG + Pythia) + XH 1 £ e 98 * & 1
- = Systematic uncertainty . E ; E _ [7] XH=VBF + VH + ttH (POWHEG) P .
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Measured total o(pp - ZZ) cross section

* Based on similar event selection, the total cross section of pp -> ZZ is measured with
2017 and 2018 data, combining with previous 2016 results.

e g,.(pp > ZZ2) =17.1 = 0.3 (stat) = 0.4 (syst) = 0.4 (theo) == 0.3 (lumi) pb

Year Total cross section, pb 101 1" (13TeV)
2016 [5] 17.570 (stat) & 0.6 (syst) & 0.4 (theo) & 0.4 (lumi) > Fows T T
0.5 . (5 800 Preliminary I
2017 16.8 + 0.5 (stat) = 0.5 (syst) &= 0.4 (theo) & 0.4 (lumi) — [ b i
2018 16.8 + 0.4 (stat) £ 0.6 (syst) £ 0.4 (theo) =+ 0.4 (lumi) 2 ol e e m B
Combined | 17.1 £ 0.3 (stat) & 0.4 (syst) = 0.4 (theo) = 0.3 (lumi) 2 | e i
0 | [H-2zz
N 4001— Stat. unc.
Fiducial phase space for ZZ -> 41 200 -
Lepton kinematics and isolation i ]
Leading lepton pT pr>20 GeV B 1sF - , , - 3
Next-to-leading lepton pT pr > 10 GeV o 14. . + Wq# ﬁ*ﬁ“ ++ 4% ainetst ++ ﬁ ﬂ+‘+ UT H N
Additional electrons (muons) pT pr>5GeV ) lﬁ# {. | FraTesenes “ﬁ + * i ‘
Pseudorapidity of electrons (muons) nl <2.5 S o5 . - . : . —
60 70 80 90 100 110 120
Event topology mZ [GeV]
Existence of at least two same-flavor OS lepton pairs, where leptons satisfy criteria above
Inv. mass of the Z1 candidate Inv. mass ofthe Z2 candidate 60GeV<mZl, mZ2<120GeV
Inv. mass of any opposite sign lepton pair Inv. mass of the selected four leptons Amy,_>4GeV
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Conclusion

 Several measurements of Higgs boson production in four-lepton final state at /s = 13TeV are

presented, using data sample corresponding to an integrated luminosity of 137.1 fb'!.
- Itis the STXS measurement of so-called stage 1.1. For the paper, it is updated with stagel.2.

- New observables and improved bins are applied for differential XS. For further study, additional

theoretical prediction(s) and more observables will be studied.

* Measured cross section of pp -> ZZ processis 17.1 £ 0.3 (stat) + 0.4 (syst) £ 0.4 (theo)+ 0.3

(lumi) pb when combining 3-year data.

 All results are consistent, within their uncertainties, with the expectations for the Standard Model

H boson.
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Distribution of m,, of Run-2 data
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Distribution of discriminant
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Correlation matix of the fitted signal strengths of
Stagel.l bins

CMS Preliminary 137.1 b (13 TeV)
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Expected Yields

Event Signal Total Background Total Observed
category ggH VBF WH ZH ttH bbH tqH |signal | qq +ZZ gg—ZZ Z+X | expected
ggH-0j/pT[0,10] 253 0.08 002 0.02 000 014 000 256 26.5 0.97 1.19 54.2 61
ggH-0j/pT[10-200] 868 169 054 086 0.00 090 0.00 908 35.4 3.79 15.5 145 153
ggH-1j/pT[0-60] 262 143 050 045 001 043 001 29.1 10.3 1.19 5.54 46.1 40
ggH-1j/pT[60-120] 124 124 045 047 001 010 0.01 146 2.76 0.16 3.21 20.8 17
ggH-1j/pT[120-200] 3.31 0.62 0.17 026 000 0.02 0.00 | 4.38 0.38 0.00 0.52 5.28 6
ggH-2j/pT[0-60] 368 029 014 014 006 009 0.02 442 0.97 0.15 2.07 7.60 9
ggH-2j/pT[60-120] 517 054 022 022 0.09 004 0.02 | 6.30 0.84 0.07 1.86 9.06 12
ggH-2j/pT[120-200] 290 040 0.5 0.17 007 0.01 0.02| 371 0.26 0.00 0.40 4.37 5
ggH/pT>200 272 065 021 024 006 0.01 0.02| 391 0.16 0.00 0.21 4.28 2
ggH-2j/m]]>350 082 017 006 005 004 0.01 001 116 0.16 0.02 0.65 1.98 3
VBE-1j 142 294 020 0.18 0.00 0.12 0.01 | 17.6 2.37 0.43 1.05 215 20
VBF-2j/m]J][350,700] 0.80 1.11 0.01 0.01 0.00 0.01 0.00 | 1.95 0.08 0.02 0.04 2.09 2
VBEF-2j/m]]>700 043 180 000 0.00 000 0.00 0.00 | 225 0.02 0.01 0.03 2.31 2
VBEF-3j/m]]>350 243 215 006 007 002 0.03 005 | 4.81 0.24 0.06 0.96 6.07 6
VBE-2j/pT>200 042 076 001 001 001 0.00 0.01 | 122 0.01 0.00 0.03 1.26 0
VBF-rest 240 087 011 010 0.03 004 001 3.56 0.34 0.06 0.74 4.70 2
VH-lep/pTV[0-150] 024 0.04 0.71 025 008 0.02 002 | 1.37 0.82 0.14 0.40 2.72 5
VH-lep/pTV>150 0.02 0.01 021 008 004 0.00 0.01| 0.36 0.01 0.00 0.02 0.40 0
VH-had/mJJ[60-120] 4.11 025 1.01 120 0.11 0.07 0.02 | 6.77 0.70 0.05 1.36 8.89 8
VH-rest 056 0.04 008 007 003 0.00 0.00 | 0.77 0.08 0.00 0.15 1.01 1
ttH-had 019 005 003 006 082 0.01 003| 119 0.01 0.00 0.45 1.66 2
ttH-lep 002 0.00 002 0.2 060 0.00 0.03]| 0.70 0.03 0.00 0.12 0.85 0
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Distributions of the expected and observed
number of events for all Stage 1.1 sub-categories
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