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Outline

« Higgs physics benchmarks with 2 jets & requirement analysis on the
hadronic system mass measurement

« Estimation on the physics impact of a 360 GeV Higgs runs

« EUSPP interactions & CEPC Physics WS Preparation
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Jets at the Higgs Signal

SM Higgs
- Ojets: 3%
o« Z—ll, v (30%); H—O0 jets (~10%, 1T, pu, vy, YZ/WW/ZZ—leptonic)
2 jets: 32%
- Z—qq, H—0 jets. Higgs

e Z—ll, v; H-2 jets.

A

o« Z-ll, vv; HHWW/ZZ—semi-leptonic. qq, Strategy: make all the possible
] ] ag measurements in each
- 4 Jets' 95% different channel and combine

the resultl

e Z—qq, H-2 jets.
o Z—ll, vwv; HHWW/ZZ—4 jets.

T, WU
- 6 jets: 11%
WW, ZZ,
« Z—qq, HHWW/ZZ—4 jets. Zy, Yy
. . . I W a9 Z bos;n
97% of the SM Higgsstrahlung Signal involves Jets decay
Final state

31/05/19 CEPC day 3



Jets at the Higgs Signal

SM Higgs
] « 1/3 of the Higgs events
- 0 jets: 3%
e Zoll w (30%): H—0 jets - Access to all SM Higgs decay modes
- 2jets: 32% - Doesn't need color singlet identification: at

most 1 color singlet thus naturally identified
« Z—qq, H—O0 jets.

e Z—ll, v; H-2 jets.
o« Z-ll, vv; HHWW/ZZ—semi-leptonic.
4 jets: 55%

_ « 2/3 of the Higgs events
e Z—qq, H-2 jets.

e Zoll, wi HSWW/ZZ—4 jets. - Dominate statistic of H—bb, cc, gg, WW, ZZ, Zy

6 jets: 11% - Color singlet identification — potentially a
_ leading systematic, huge impact
« Z—qq, HHWW/ZZ—4 jets.

2/3 of the events need to group the final state particles into Color-Singlet: currently via
Jet Clustering-Matching (analyzed in WW/ZZ separation study ~ 50% of 4-jets event
have correct pairing)

31/05/19 CEPC day 4



Physics benchmarks

« Higgs measurement with 2-jet event
- qqH, Higgs—rr;
« Percentage level accuracy, sensitive probe to NP
- qqgH, Higgs—invisible;

« Key measurement for the DM search, significant advantage V.S.
LHC

- vvH, H—bb (W fusion Xsec measurement)

« Key input & Bottleneck for the Higgs width measurement — limitation
for Higgs couplings to major decay modes (bb, gg, WW, ZZ, tautau)

« Full Simulation analyses at baseline Detector

« Dedicated Fast simulation tool developed, and validated on Full Simulation
result

31/05/19 CEPC day



Key physics performance: BMR
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Fig. 8. (color online) Distributions of the reconstructed total visible invariant mass for H — bb,cc,gg events after event cleaning and
fitted by Gaussian functions. The resolutions (sigma/mean) of the fitted results ard 3.63% (bb), 3.82% (cc), and 3.75% (gg).

« Boson Mass resolution:

- Characterized by the Higgs mass resolution with di-gluon final state

» Baseline reaches a BMR of 3.8%

« Fast Simulation: extract 4 momentum of the hadronic system (di-jet), smear its energy
according to BMR (jet direction precision ~ 1%, negligible w.r.t energy reconstruction)
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qqH, H->tautau
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* The recoil mass of the di-jet system is essential for the separation of
ZZ background
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Accuracy[%]

qqH, H->tautau

1 I 1 1 1 1 I 1 1 1 1 1 I 1 ] 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I I 1 I I I
o | _
15
15| —
2
=
O 1
©
| -
1 o=
oo 3]
= <C
- 05 |- —
05 | —
O i [ [ 1 1 I [ [ 1 1 I [ [ 1 1 I [ 1 [ 1 I 1 | 0 1 1 [ 1 I [ 1 1 [ I [ 1 [ [ I 1 1 1 1 I
0 10 20 30 40 0 5 10 15 20
BMR[%)] BMR[%]

e Considering Only ZZ background and Normalize according to full sim
result (efficiency, statistics, accuracy ~ 0.9% at BMR = 3.8%)
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Accuracy|[%]

qqgH, H->invisible
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e Similar behavior as the ZZ is the major background
e Y axis: accuracy at sigma(ZH)*Br(H->inv) = 100 fb
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vvH, H->bb & total width

. QAHXX)~T =T _ *Br(H—XX)

XX t

- CEPC Preliminary
6000 — WW Fusion; jL =5ab”

« Branching ratios: determined simply by I T4 CEPC Simulaton
- 0(ZH) and o(ZH)*Br(H—XX)

| = WW Fusion J'
4000 Other Backgroundsj
. [ determined from: I

ZH Backgrounds
to

Entries/2 GeV

()
=]
(=]
=]

- From o(ZH) (~g*(HZZ)) and o(ZH)*Br(H—ZZ)
(~g'(HzZ)T )

: ]
i f
R |
- From o(ZH)*Br(H—bb), o(vvH)*Br(H—bb), I ‘j \\k
o(ZH)*Br(H-WW), o(ZH) B i - W
50

_ 100 150
bb 1GeV]

iss

A combined accuracy of 2.8% for the Higgs total width measurements; dominated by
W fusion measurement (with accuracy of 2.6%)

o(vvH)*Br(H->bb): major background are ZZ and ZH (Z->vv)
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a.u./ GeV

Recoil mass PDF at different BMR
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PS: at 240 GeV center of mass energy, the Xsec of ZH, Z->vv is 7 times larger than
The W fusion (40/5.4 fb)
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Accuracy [%]

vvH, H->bb
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e Similar behavior as the ZZ is the major background
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2-jet Higgs benchmarks at 240 GeV

BMR = 2% 4% 6% 8%
o(vwH, H—bb) 2.3% 26% @ 3.0%  3.4%
o(qqH, H—inv) 0.38% 04% @ 05%  0.6%
o(qqH, H—TT) 0.85% 09% @ 1.0%  1.1%

 From qgH, H->inv/tautau: BMR < 4%

 From W fusion: should pursue better BMR even up to 2%...

31/05/19

CEPC day
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360 GeV

_

Vs (GeV)
Integral Luminosity (fb™1) 5600 1000
Cross-section (fb) 5.401 40.11 29.83 25.57
EFf. (%) 50 50 50 50
Br(H — bb) (%) 57 57 57 57
N”mberA‘;:;vgJ a H = bb 8621 64038 8503 7288
Accuracy (BMR=4%) 2.6% 1.2%
1/\/Neig 0.92% 0.92%

o fHi% 360 GeV figr=4: 1 ab” fEdE (A4 T 30MW 45 4
WET CEPC 5 FE I HUED

e fEF7H~ 160k ] Higgs F 4.

e [T W fusion & H 0 H ZH #1H /N, [HFLE recoil
mass iG] 7, W fusion % 0 &85 E v KRR & —
%L, 360 GeV Run mJ¥ Higgs #i1- % ol & 1 42
Th—1%, M Higgs Fi 1 F1H F B ARK S 1R & 4
A 2 75 50%-80%(Hbb, HWW, HTT, Hgg)

31/05/19 CEPC day
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Preliminary Estimation

Relative coupling measurement precision and the 95% CL upper limit on BRESM g ( H bb) O - 75% = 80%
10-parameter fit 7-parameter fit o _ o
Quantity | CEPC CEPC+HL-LHC | CEPC CEPC+HL-LHC g ( H CC) 1 ' 7 /0 30 /0
Kp 1.3% 1.0% 1.2% 0.9% H 1 (o) ) o
K, 2.2% 1.9% 2.1% 1.9% g( gg) 0% 50%
Kg 1.5% 1.2% 1.5% 1.1% g(HWW) 0.9% ~ 60%
Kw 1.4% 1.1% 1.3% 1.0%
Kr 1.5% 1.2% 1.3% 1.1% g(HZZ) 0.23% ~ 8%
Kz 0.25% 0.25% 0.13% 0.12% o o
Ky 3.7% 1.6% 3.7% 1.6% g(HTT) 0.8% ~ 80%
Ky 8.7% 5.0% - - 0 _ 0
BRI | <030%  <030% | - - 9(Hyy) 3.4% 10%
r 2.8% 2.3% - -
i - - g(Hup) 8.3% ~ 5%
Table 11.4: Coupling measurement precision from the 10-parameter fit and 7-parameter fit described . .. o o
in the text for the CEPC, and corresponding results after combination with the HL-LHC. All the num- H INVISI b | e < O ] 28 A) ~ 8 A)
bers refer to are relative precision except for BREM for which the 95% CL upper limit are quoted —
tively. S tri left t for the 7- ter fi th t d dent .
ff:cll:o;ct:]\ga %ﬁngn;;ﬁ;] pﬁ; 223 eft vacant for the 7-parameter fit as they are not dependent parameters Wl d th 1 . 4% _

PS: FCC ttbar runs: 1.7 ab-1, (0.2 + 1.5), 4 years of data taking, 250k Higgs bosons

(200 k HZ + 50 k W fusion)

31/05/19

CEPC day
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CEPC @ Granada

« CEPC is fairly & friendly described in the working group report

« Higgs part is consistent with other facilities.

Table 3. Expected relative precision (%) of the k parameters in the kappa-0 scenario described in Section 2 for future
accelerators. Colliders are considered independently, not in combination with the HL.-LHC. No BSM width is allowed in the fit:
both BR s and BRj,, are set to 0, and therefore ky is not constrained. Cases in which a particular parameter has been fixed to
the SM value due to lack of sensitivity are shown with a dash (-). A star (%) indicates the cases in which a parameter has been
left free in the fit due to lack of input in the reference documentation. The integrated luminosity and running conditions
considered for each collider in this comparison are described in Table 1. Both the initial stage and the full program of the
colliders is considered, with "ILCs0p" corresponding to ILC3250+ILC350+1LCs00, "CLIC3000" to CLIC3g9+CLIC500+CLIC3000,
and "FCC-eesgs" to FCC-eepq9+FCC-eesg5. FCC-ee/eh/hh corresponds to the combined performance of FCC-eepq0+FCC-ee345,
FCC-eh and FCC-hh.

kappa-0 |HL-LHC| LHeC|HE-LHC|ILC,s0 ILCs09|CLIC380 CLIC 509 CLIC30¢h | CEPC|FCC-eepof FCC-ee3es FCC-ee/eh/hh
kw (%)) 1.2 [0.75] 0.66 1.8 029 ] 0.86 0.17 0.11 1.3 1.3 0.43 0.15
kz (%)| 1.0 1.2 0.6 029 023 | 05 0.26 0.23 || 0.13 0.2 0.17 0.12
ke (%) | 2.2 3.6 1.4 23 097 | 25 1.3 0.9 1.5 1.7 1.0 0.52
Ky (%) | 1.7 7.5 | 098 6.7 34 98 5.0 2.2 3.7 4.7 3.9 0.35
kzy (%) 10 — 4.0 99«  86% | 120% 15 6.9 8.2 81« 75% 0.7
K. (%) — 4.0 — 25 13 4.3 1.8 1.4 2.2 1.8 1.3 0.95
K (%) | 2.8 — 2.0 — 6.9 — — 2.6 — — — 1.0
Kp (%) | 2.7 2.1 1.7 1.8 058 1.9 0.48 0.38 1.2 1.3 0.67 0.45
Ky (%) | 4.4 — 1.8 15 9.4 | 320« 13 5.8 8.9 10 8.9 0.42
ke (%) | 1.6 3.3 1.1 1.9 07 3.0 1.3 0.89 1.3 1.4 0.73 0.49

31/05/19 CEPC day
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Global fit results

Improvement with respect to HL-LHC
il dg[f*c C:Ol"%c. y OOQ’\\\P 0067%‘1“

e o | ez | lar TeTRIRRT (e | S SR |
1 1 1 1 1 1 1 1 1 1 1 1 1 10

ILCysq - L1 1.0 1.0 L0 10 L1 1.0 1.0 12 15 1.0 1.0

ILC5{){) = 1.0
8

CLIC380 = 1.0
CLIC 1500 — 1.0 6

CLIC?,()()() - 1.0
CEPC - 10 1.0 1.0 > 10 -4
A : ! -2

FCCee/eh/hh -l 210 . 2 10

il

« EW part is somehow problematic as the input is not complete
- In communicate with the working group, and We (Zhijun, Gang) starts to look into it

310519 Hopefully, by July this can be settled ~rp( day 17



Physics WS Preparation

CEPC Physics Workshop

1-5 July 2019

PKU CHEP

Asia/Shanghai timezone

Overview
T The Circular Electron Positron Collider (CEPC) is a future Large Scale Collider facilites.
Installed in a 100 km tunnel, the CEPC could produce 1 Million Higgs bosons, 100 Million W bosons,

Registration and nearly 1 trillion Z bosons in 10 years' operation.
. . . The prior physics motivation of CEPC is to serve as a precise Higgs factory, meanwhile, it also has a huge
iSRegistrationiEorm physics potential on the EW, QCD, Flavor physics and new physics hunting.
Participant List
Visa To profound understand the physics potential at the CEPC, and to address the critical technical

) ) ) requirements (theoretical uncertainty control, interpretation, combination, etc).
A Ul 6 This workshop serves as a forum to discuss all those critical questions and looking forward to your active
Traffic participation.

Accommodation

Starts 1 Jul 2019 08:00 PKU CHEP
NIU Wanyu Ends 5 Jul 2019 18:00
41 niuwy@ihep.ac.cn

‘C 010-88236054 No material yet 2

« Key objective:
- Promote the white paper preparations (Higgs, EW, Flavor, QCD)
-  Emphasize on EW: provide input for EUSPP Physics group

* 43 registrant now (including 10 invitees): expect 50 ppl
31/05/19 CEPC day
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Summary

BMR (mass resolution of hadronic system) is critical for Higgs measurement

- Physics measurement with qqH, require BMR < 4%, to efficiently suppress the
ZZ background

- At 240 GeV c.m.s., BMR helps significantly the W fusion measurement, and
affect directly all the coupling constant determinations

At 360 GeV:

- With 1 ab™, the Higgs width can be improved by 2 times. Meanwhile, couplings to
major SM decay modes can be improved significantly, especially g(Hbb),
g(HWW), g(Hgg) and g(Htautau)

Higgs: development of new analysis technologies, and coverage of more final states
could improve the current accuracy... but to 1* order not significantly.

Started to iterate with EUSPP Physics Group on the EW inputs.

31/05/19 CEPC day 19
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UTHA= (5 2 . S Wiy F 451 BB 23 -
WW/Z/Z Agtg 1?”63\%1‘&3%‘%@ i?_vb

~ —
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M,,/ GeV

« 2/3 {1 CEPC Higgs F41. 1/2 ) WW/ZZ FHHIREHH /0 4 Pyt X Lo 41 (1) #5752
B ARSH T4 ( Color Singlet Identification : 7 i@ id Jet Clustering, Matching 255231

o JE AR WW/ZZ Fi4 4t T CEPC FEZ RISV e SR+ 43 2H R I 2

. é*m CEPC R LR NS BE 7 H WW/ZZ 5554, (HA 2 —FHBI1 RS 1o dJk %=,
= REIFR S HEE (KET EPJC)
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Entries/(.2 GeV

Zhenxing Chen & Yacine Haddad

Model-independent measurement of o(ZH)

- CEPC Preliminary
I - ppy | Ldi=5§ ab’!
3000 J
B —— CEPC Simulation
B — S+B Fit
L —— Signal
L Background
2000
1000
0
120

* Recoil mass method.
Combined precision:
oo(ZH)/o(ZH) = 0.5% -

Entries/0.25 GeV

59(HZZ)/g(HZZ) = 0.25%

31/05/19
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CEPC Preliminary
AT Jl-l!1:5ﬂ|1l
& CEPC Simulathon

— 5+B Fit
—— Signal

1.5%

125 -+_13" 135 140
ME® [GeV]

T recoi

Mass:

Event/2.0

as0

200

150

100

awzl

: I |2Hllml_=125
[ Cww—"ca
— C_1WW— qgh
[ 22 o
[ >z -qa
- Cz- @

. 0.65%

Ll I T T Ll T I L] Ll T T I T L] L] L]
GeVl polie, e*) = (0,0)
f Ldt = 5ab”’

L

mumuH: accuracy 6.5 MeV
eeH: accuracy, 14 MeV
Combined: 5.9 MeV

CEPC day
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