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OUTLINE

Methodology of Higgs Boson Width determination at
CEPC

Measurement of Br(H -> WW*)
Measurement of Br(H -> Z/%)
Result

Comparison

Next step



basic observables at hadron collider & e+e- collider
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We could measure o 7"¢ using recoil mass method
o+e- with Higgs’ final state independently on CEPC/ILC...
Hadron .
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analysis)
3 combine: 0.5%




1/2: via Br(H->ZZ*)
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2/2: via Br(H->WW*)
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Higgs BR + Total Uncert
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Testbed for essential reco-
algorithms (Jet Clustering,
isolated lepton selection,
Flavortag, tau finder)
reconstruction, particle
identification, etc.
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Z->pu,Br( H -> WW*->|vlv

(uvuv,evev,uvev))
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“ Ozw =0zH X Br(H -> WW¥)
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Category Signal ZH zZ Single Z

Total 348 34624 5499688 7788916
Nzpote = 2 Nisolep = 21 =p 77 129 5309 0
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NR(‘muin <3 66 56 2442 0
10GeV < MEF <65GeV 58 46 411 0
40 GeV < Epgigsing < 100GeV 55 26 231 0
(—b\,ggo 2+ (%)2 <5 54 7 226 0
Total Py > 20 GeV 52 3 3 0

. CEPC Preliminary
—— Signal
20— M g
— Higgs Background
—— Z7 Background
15+ —— SingleZ Background
10—
5 [
0 ! |—|-|-| | o_n | . |
120 130 140 150 160
up 2
Mg, (GeV/ce?)
Category Signal ZH zZ Single Z
Total 348 34624 5499688 7788916
Nzpote = 2; Nisotep = 21 =€ 61 114 4 1807
80GeV < MY¥ <100GeV 53 105 2 1165
120GeV < MEX < 150GeV 52 101 1 726
NR()muin <3 51 60 0 692
10 GeV < M§ ¢ < 65 GeV 49 47 0 49
35 GeV < Epissing < 100 GeV 49 27 0 31
(Goo)? + (GEg)? < 6 39 4 0 24
Total Py > 20 GeV 36 4 0 0

Table 2: Cut chain of uyu final state

Obj Eff:88.51%
Sig Eff:59.77%
Rel Acu:14.65%

Table 3: Cut chain of ee final state

Obj Eff:70.11%
Sig Eff:40.38%
Rel Acu:17.57%

7.37% accuracy achieved with counting:
improved by 2 times comparing to pre- CDR

Thanks to
1: Reconstruction - PID progress (Arbor)
2: Isolated lepton finder (Libo’s work)
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Category Signal ZH 77 Single Z

Total 348 34624 5499688 7788916

Nzpote = 2 Nisolep = 2y =€, = 147 136 32 1

80 GeV < M1 < 100 GeV 134 119 21 0
120GeV < M4* <150GeV 130 117 15 0
Neenain <3 130 89 3 0

10 GeV < MY, < 65 GeV 12379 3 0
35GeV < Epfiging < 110GeV 123 68 2 0
(oo + G <4 105 0 0 0

Table 1: Cut chain of ey final state

Obj Eff:84.47%
Sig Eff:60.34%
Rel Acu:9.76%

7 3: BEvent Selection optimization(Libo’s work)



Z->uu,Br( H -> WW*->IvgQg “oZW — ot X Br(H -> WW¥)
(l=pore))
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Total 2215 32291 5499688 7788916 Total 2215 32291 5499688 7788916
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Table 5: Cut chain of semi leptonic decay of H - WW* — uvgq
Table 4: Cut chain of semi leptonic decay of H — WW* — evqq

Obj Eff:89.17%  Rel Acu:4.13% Obj Eff:77.98% Rel Acu:4.02%
Sig Eff:64.71% Sig Eff:59.84%

o
2.88% accuracy achieved with counting for lvgg channel 2.69%accuracy

achieved with counting
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Final state table of Higgs -> ZZ* analysis

“ Ozz =0zH X Br(H -> Z27%)
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Br( H -> ZZ*->777*-
>llggqq(l = e or p))
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2 jets event
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“ Ozz =0zH X Br(H -> Z7*)

huge ZH background:ZH,H->WW*->qqgqq,H-
>bb(4jets events (including 2jets from Z*)
mixed up with 2jets events)

We could use the same analyse method on
WW?*->qqqq channel, high cross section and
B-tag technigque provide a promise result.
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4 jets event



Br(H -> ZZ*->//Z7*->Ilvwwqq n 077 =0z X Br(H -> 22%)

(I =eory))
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will be show in the backup will be show in the backup
Obj Eff:92.8% Obj Eff:92.9%
Sig Eff:51.6% Sig Eff:69.8%
Rel Acu: 11.6% Rel Acu: 15.1%

9% accuracy achieved with counting

background remain Tau event
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BI’( H->2/*->/2/7"- n Ozz =0OzH X Br(H -> ZZ*)

>vvllgg/vvllgg(l = e or p))
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will be show in the backup '.‘ will be show in the backup
Obj Eff:92.8% e e Obj Eff:92.9%
Sig Eff:51.6% qq Sig Eff:69.8%

Rel Acu: 8.4% o event Rel Acu: 17.2%

7.4% accuracy achieved with counting
6.8% accuracy achieved with contribution

of WW fusion events, match the result of

5.4% accuracy achieved with counting
6.9% in pre-CDR which is based on fast-

combine these 5 sub channel

simulation of parton level
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Result

O.IIICO. O.lnc
Fh X gZ AL WW method Iy = (gi)l-‘ X QA ; ZZ method
C7wO7h (QAQA/ h) OAA
O; OzH 0.5% from pre-CDR
(o)} Ozz =0zH X Br(H -> ZZ*) 4.3% extrapolated from TLEP
Owb =OwH X Br(H -> bb) 2.8% from pre-CDR

1.38% latest result from Libo’s work combined
Ozw =0zr X Br(H -> WW*) | with the result extrapolated from ILC result
(1.5% at PreCDR)

Ozb =0OzH X Br(H -> bb) 0.28% from pre-CDR

Total Higgs width relative precision
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comparison

e H->WW,;

e To ILC: covers Z->Il channel (ILC only covers Z(vw)H(WW->qqqq) & Z(gq)H(WW-
>lvgq)); (Ono. Higgs branching ratios study for DBD Jan. 12 2013)

* To preCDR: signal efficiency improved by 2 times: due to the improvement of
reconstruction algorithm and PID;

* H->Z7;

* To ILC: sub channel separation according to final state objects; In ILC analysis, H-
>WW background seems missing (arxiv:1310.0763)

* To TLEP: 4.3% extrapolated from ww fusion channel; Considering we have already
get a relative accuracy at 5.4%, 7% extra relative accuracy is needed to match
TLEP’s result, achievable via ZZZ*->4|+2q and neutrino channel in our estimation.

* To PreCDR: covers 3 major additional channel; agree with fast simulation result in
wllgg channel (6.8% Full Simulation compare to 6.9% Fast Simulation).

15



Plan for Higgs -> ZZ* analysis

Cut base -> TMVA
process all of standard model with full simulation

Including other channels with leptonic final states

valid tau finder for H->WW*/ZZ* analysis
environment

more powerful distinguishing variables or jet
clustering algorithm to tag low-energy jets

16
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Cut Chain of ZZZ*->eevv|]

signal ZH_bkg sze_ sl sw_ sl zz sl ww_sl sznu_sl ww_4q qq

Total
final state 214 28892 1.39E 107346 15627 18296 684 2520 7574
+06

VisEn(100,225) 213 13139 324146 99336 14634 18104 421 214 2580
Invariant mass of 2 jets(10,100) 209 6206 285061 88486 9799 15575 156 0 20
Invariant mass of 2 leptons(73,118) 199 5836 76623 3292 96 188 0 0 2
npfos[14,85] 199 5047 75787 3284 94 187 0 0 2
difference of 2 jets<55 199 4716 63292 2925 82 181 0 0 2
Interanglr of 2 jets(0.5,3) 193 4658 52749 2915 75 181 0 0 2
missingmass>75 105 961 2766 158 13 39 0 0 0
VisEn<155 101 79 1626 105 4 25 0 0 0
visible_p(18,71) 100 75 1200 100 3 25 0 0 0
Invariant mass of 2 jets<41 97 57 1039 42 2 9 0 0 0
leptons’ P(29,65) 95 51 511 37 1 8 0 0 0
lead_exlep_en<4 92 29 500 37 1 8 0 0 0
abs(Costheta)<0.81 83 26 71 32 1 6 0 0 0
mina1>0.25 81 24 66 1 2 0 0 0
RrecoMass of 2 jets>134 65 19 12 0 0 0 0 0
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Cut Chain of ZZZ*->ppvyvj]

signa ZH_bkg sze sl sw_sl zz sl ww_sl sznu_sl ww_h qq

I
final_state 229 31211 1165 601 468485 113680 834 2109 9251
nPFOs(15,80) 225 24380 1147 601 465646 113171 825 1685 9114
Visible Energy(119,220) 222 6706 385 520 31947 92116 159 119 2353
Invariant mass of 2 jets(10,96) 216 4302 343 435 21965 79251 108 0 4
Invariant mass of 2 Muons (76,120) 214 4150 0 0 6403 207 0 0 0
difference of 2 jets<56 214 3934 0 5300 153
missingmass>68 112 1105 0 11 9
Visible Energy<155 103 65
Invariant mass of 2 jets<38 98 46
Leading_extra_En <5 94 21 4
missing mass > 86 88 11
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Cut Chain of ZZZ*->vvyuyj]

signal ZH_bkg sze_sl sw_sl zz_sl ww_sl sznu_sl ww_h qq

final_state 231 1268 1165 601 468485 113680 834 2109 925
Missingmass(58,128) 221 865 533 533 7961 14984 477 0 35
Invariant mass of Muons is larger than that of jets 109 42 1 0 214 81 0 0O O
Invariant mass of 2 jets (13,49) 105 14 1 0 138 62 0 0O O
Invariant mass of 2 muons(60,95) 101 4 0 0 45 16 0 0O O
Interangle between jets and muons<2.3 97 4 0 0 7 7 0 0O O
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Cut Chain of ZZZ*->vvjjuu

signal ZH_bkg sze_sl sw_sl zz_ sl ww_sl sznu_sl ww_h qq

final_state 231 1268 1165 601 468485 113680 834 2109 9251
Missingmass(58,128) 221 865 533 533 7961 14984 477 0 35
Invariant mass of Muons is less than that of jets 113 823 532 533 7747 14903 477 0 35
minal&mina2 108 485 319 395 5622 4508 192 0 19
Invariant mass of 2 jets(53,107) 105 161 256 347 4251 3662 158 0 1
Invariant mass of 2 muons(16,55) 100 13 4 0 2215 419 7 0 0
Interangle of jets and muons 88 12 1 0 116 60 7 0 0
recoil mass of 2 jets>116 87 12 1 0 69 44 7 0 0
visible_Mass(112,140) 82 3 0 0 19 8 1 0 0
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Cut Chain of ZZZ*->vveeg]]

signal ZH_bkg sze_sl sw_sl zz_sl ww_sl sznu_sl ww_h(4q) qq(1%)(2f)
final state 189 8632 1.39E+06 105756 15627 18296 684 2520 7574
missing-mass(58,138) 184 7136 34688 12099 7505 13850 454 3 21
Invariant mass of Muons is larger than that of jets 85 69 21763 1162 193 367 0 0 1
Invariant mass of 2 jets and 2 muons 84 33 9550 871 44 286 0 0 0
mina1>0.2 78 11 8732 258 28 85 0 0 0
mina2(0.66,2.26) 72 9 4514 176 18 53 0 0 0
recoil mass of 2 muons(108,184) 72 9 3673 168 4 36 0 0 0
Interangle of jets and muons <2.3 70 9 1904 140 4 36 0 0 0
recoil mass of 2 jets(178,227) 68 5 928 45 3 20 0 0 0
abs(Costheta)<0.81 56 4 55 41 3 14 0 0 0
visible mass(114,135) 54 4 35 27 1 9 0 0 0
missing mass (84,105) 43 2 6 11 1 1 0 0 0

22



[//*->eeVvV||

200 250
Visble_Energy

Events/(0.5GeV/c?)

nPFOs

2

Events/(0.5GeV/c?)

200
MissingMass

%

!

Events/(0.5GeV/c?)

g

s

Events/(0.5GeV/c?)
U

100
diffjets

au

Events/(0.5GeV/c?)

¥

200 250
Visble_Energy

23

200 250
RawMass_2Jets

3,

Even(sl_(‘O.SGeV/cz)
=

o

200 250
RawMass_di_Elec

@ =
240t = ol
S0 -
g =
3 -
s [ = uwh
3 =3
s

g

w

0. . . 25 3 .
inter_angie_2jets

2

Events/(0.5GeV/c?)

0 80 920 100
Visble_momenntum



3

Events/(0.5GeV/c?)

Events/(0.5GeV/c?)

40 50 60 70

120 140 80 90 100 80 100
RawMass_2Jets di_Elec_momentum Leading_ex_lep_En

< e F % 2f
% 3 70 E
8. 2 F 2
10 S e
2 2 2
£ £ 2 70F
3 ] 5 F
2 2 e E
@ @ o, F
40F
30F
20f E
10[ oF
0.4 0.6 0.8 1 0 0.5 1 1.5 25 1 B 1 120 130 140 150 160 170 1
direction if MissingP minal di_Elec_RecoilMass

24



Events/(0.5GeV/c?)

/L7 ->UUVV]

Events/(0.5GeV/c?)

Events/(0,5GeV/c?)
3

b

107 E i 3
E 010" E 3
r e E e
u>.|10 E &
10°E
10°
10E
1E
E.
0 200 250 200 250
nPFOs Visble_Energy RawMass_2Jets
£ 3 3 0
- 210° = 2
E B S = =
E v 3 F ¥
E £ | €
o 1]
o[ ir

r

U

L
250

I}
200
RawMass_di_muon

140 160 180 200
MissingMass diffiets

= <
= o <
=3 S b ©
- 2 50— >
> g & o
10 ww o C (0]
S S r o
- < S
5 g b 5 8
& £
o [ 2
C w
30— 60
10 C
20— 40
10— 20
1 C
oC PN RN BN IR ____i_
220 240 0 20 40 60 100 120 140 0 L B o
Visble_Energy RawMass_2Jets o 1 3 4 5 1

7
En_leading extra lepton

25



S/(_[‘).SGEV/CQ)

Event:

2

dimani

Events/(0.5GeV/c?)

o

/" ->VVUU

180

MissingMass

>

60

PR O I i
K 80 90 1
RawMass_di_Jets

140

~
F

8
=
T

— Sig

60
C -
40~ —
20
N P R R RN B B
20 40 60 80 100 120 140

RMass34

0107

% -7
K] =
2 ==
= ==
2 =
5 — wwh
§

210 i}
I

20 0
RawMass_di_muon

26

RMass12

J

— BackGround

120 140
RMass34

Events/(0.5GeV/c?)

1.5 2 2.5 3
interangle between leptons and Jets



/" ->VV||UU

5 F 5 F o o
§ S g 3= 140 I3
£ . L - Eé: £ . §
25 — SIg 25 — euccand - e — sig s
E E 100}~
oF . 2 E
E - F 80—
15 15 -
E - r 60—
1= - 1= L
£ . £ a0 - .
05— - 05— E
£ . N £ 20
o T e 1 of
05 1 75 2 25 3 20 a0 60 8 100 120 140 100 120 140
mina2 RMass34 RMass34
o) X G107 © ¢
g1 | 210 2
§ 2 3 50
2 S e [
s 1 2
2 2z 5
£ 5
3 & 10 & 40r
[ c
30~
1 E
20
10
10"
2 25 3 S ——
interangle between leptons and Jets 50

200 250 140 150
RrecoMass_di_Jets Visible_Mass

27



[//7->VVee||

25 <
210° H
S ©
& . 31
3 _ S
Sw SIg| [Fe g
2 =
g 2
G@i10* m
15
10
5
PN IR T R PRI I I I R o
140 160 180 200 0 20 40 60 100 120 140 160 180 200 . . X
MissingMass RMass34 minat

0

Vict)
2

Events/(0.5GeV/c?)

a

Events/(0.5GeV/c?)

Events/(0.5Ge’

120 140 160 180 200
di_Muon_RecoilMass

Events/(0.5GeV/c?)

@10 < F
3 3 45F
9] g E
1 = S 4oF
$ 2
2 £ F
D492 2 35
S0 aE
30F
251
10 E

Ly
150
Visble_Mass

100 120 180 200

0.7 0.8 0.9 1
direction of MissingP

220 240
di_Jet_RecoilMass




CEPC Preliminary
104 | — Signal
- — Higgs Background -
: — Z7 Background RS
= " — SingleZ Background 3
210° -
h - -
= - S
= B - .:.:'*
=
10? = =
i —
_ \ . \ ! . |
0 1 2 3 4 5
No. IsoLated Leptons
3001= CEPC Preliminary
250 — —— Signal
—_ L + —— Higgs Background —
NU &
= 200 — 77 Background T
> i —— SingleZ Background 3
S 150 2
2 3
£ 100 T
=
= =
50

110

120 130 140

ML (GeVie?)

150 160 170

300 CEPC Preliminary
i —— Signal
250 —— Higgs Background
i — 7.7 Background
200~ —— SingleZ Background
150
100
50
0
20 40 60 80 100 120 140
MY (GeVie?)
[ CEPC Preliminary
10° —— Signal
- — Higgs Background
- — ZZ Background
—— SingleZ Background
10
1
| - H
0 5000 10000 15000 20000

M2, (GeVZ/e?)

H — WW* — evqq

lenLeg lhlzpnle ZNjet Ze

abGev ﬂf: Mass-;jf;;“ {c: IDDGEU
IZDGEU < Massﬁ';

< IEDGEU

—_1{100 fi:'Mﬁh}s'si@;é: Zﬂﬂﬂ



Entries/(1 GeV)

Entries/1

CEPC Preliminary ] CEPC Preliminary
60— B —— Signal
B —— Signal 40 - — Higgs Background %
50| — Higgs Background | — 77 Background H — W W* — e vqdq
B —— 77 Background N;_J_ —— SingleZ Backgroun
40 - —— SingleZ Background >
i °!
A’
2
=
=
. 10GeV < E_iepton <70GeV
% 20 40 60 8 100 % 20 4 60 8 100 120 ]5GeV.<. Mﬂ_g'sgi._f el - 95GeV .
E, (GeV) M (GeVic?) : : . Kec : .
: CEC i ' corcramm| - No. Remain Particle >6
70 — — Signal ; . . . .
B — Higgs Background . : ' :
60 i + — ZZ Background ~ I E_] E'tl' E_JEtZ I {ﬁﬂ .
50 —— SingleZ Background >
)
i z
|
=
=
0 0 I - | 1 - lmaas | ]
0 5 10 15 20 25 30 35 40 0 20 40 60 80 100 120

No. Remain Particles SdEi'Jet (GeV)



CEPC Preliminary 600 = CEPC Preliminary
I —— Signal | —— Signal <
41 . 5 - ;
10 = —— Higgs Background _ 00 | — Higgs Background H > [’ [’ W #Vq q
E —— 7.7 Background ") 77 Back d
- - - —— SingleZ Background E 400 — — ackgroun
S 03l
£ 10°F = 300
= - =
R L, 2
|
S 200
10% =
= 100
C —l—
B 1 | 1 | | L | | 0 \ W
0 1 2 3 4 5 20 40 60 80 100 120 140 e+ .u
No. IsoLated Leptons M‘[ln:l (GeV/c?) : EDGEU < M ass j’n { lﬂﬂGEU
CEPC Preliminary C CEPC Preliminary g i i +— o
500|- i 120GeV < Mass*"~ < 150GeV
I . .. "Rec
i — Signal , —— Signal _ _
& 400 —_— I = = —_— Hi
g Higgs Background 2 Higs Background 1000 < M2y < 2000
v I —— 77 Background v (L, —— ZZ7 Background
> = ﬂ'
£ 200 £
= s ] p
h LN II‘H\
?00 110 120 130 140 150 160 170 5000 10000 15000 20000

MY (GeVic?) M2, (GeV/c?)



Entries/(1 GeV)

250 CEPC Preliminary 50 CEPC Preliminary
i i —— Signal H W 2o
200 - Slfgnal _ a0l —— Higgs Background ? i L > #Vq q
i — Higgs Background o i — 7.7 Background
>
150 — 7.7 Background 5
N
i A’
100 — .g
i =
=
50—
0 0 i L an_IT : [ 1 I i 1 L n . s Ann
0 20 40 60 80 100 0 20 40 60 80 100 120
E, (GeV) M (Gev/c?)
S0 CEPC Preliminary
ol — Signal Iegtu n> IEGEU
—~ i —_— I-Iigl;s Background
> n‘.a jEt
S 30 — ZZ Background IEGEV -=: Mass *Rec < 95GEU
c
g
L2 |E_]et1 E Jet2|-=:60
=
10
0 LilnF '“||'| | R
0 20 40 ' 60 80 100 120
55 (GeV)



