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Higgs related physics at e*e” collider
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» With the increase of the energy, different Higgs related
physics can be explored at e*e” collider.
» With the energy around 240 GeV, ZH as well as ww/zz fusion
can be intensively studied.
* the dominant production is from HZ, the WW/ZZ
fusions contribute a few percent of the total cross-
section.
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SM Higgs decay branching ratio, Bkg process
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v’ e*e” collider provides a good opportunity to measure the jj,

invisible decay of Higgs.
v For 5.6 ab'! data with CEPC, 1M Higgs, 10M Z, 100M W are produced.
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Performance

efe” = ZH — qg bb
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B-tagging eff. vs rejection of other jets
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* Reliable Particle recon., ID and fake rejection
* Good mass resolution of Higgs masses.



Higgs analyses @CEPC CDR

Higgs

qq,
gg C DICE

MH, YY
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>

I W q Z dbOSO" CEPC-v4: 240 GeV/3T,....
ecay

A lot of decay channels can be investigated.
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Direct measurement of Higgs cross-section

2
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v’ For this model independent analysis, we
reconstruct the recoil mass of Z without
touching the other particles in a event.

v’ The M,__,; should exhibit a resonance
peak at m, for signal; Bkg is expected to
smooth.

v’ The best resolution can be achieved from
Z(~>e'e’, ptp).

Higgs physics at CEPC (Y. Fang, IHEP)



Direct measurement of Higgs cross-section and m,
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v" The combined precision with three channels is Ac/6=0.5%
v' Similar sub-percent level for ILC/FCC-ee
v" The mass of Higgs can be measured with a precision 5.9 MeV combining Z->ee (14 MeV)

and Z->pp (6.5 MeV)
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Measurement of Higgs width

* Method 1: Higgs width can be determined directly from
the measurement of o(ZH) and Br. of (H->ZZ*)

I'(H— ZZ*) o(ZH)

- Precision : 5.1%
BR(H —- ZZ*) BR(H — ZZ*)

[y ox

e But the uncertainty of Br(H->ZZ*) is relatively high due to low
statistics.

* Method 2: It can also be measured through:

. ['(H — bb)
'y o BI?[ 75 b.h) o(vvH — vbb) x I'(H — WW?*).BR(H — bb) =T'(H — bb) - BR(H — WWT)

3.0%
L(H —bb) o(vvH — zu/bb)‘/ Precision : 3.5%
BR(H — bb) ~ BR(H — bb) - BR(H — WW*)

'y o

* These two orthogonal methods can be combined to
reach the best precision. Precision : 2.8%



Typical individual channels
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Precision for the Measurement of Higgs

Estimated Precision

Property

CEPC-v1

CEPC-v4

Precision of Higgs coupling measurement (7-parameter Fit)

Ty
o(ZH)
o(vwH)

5.9 MeV
2.7%
0.5%
3.0%

5.9 MeV
2.8%
0.5%
3.2%

s HL-LHC S1/S2 ]

m CEPC 240 GeV at 5.6 ab™" wi/wo HL-LHC

Decay mode

o xBR BR

o xBR BR

—
<
|

H —bb

H —cc

H —gg
H-sWW+
H—-ZZ*
H —~y
H—Z~
H 747
H—ptp~
BRBSM

inv

0.26% 0.56%
3.1% 3.1%
1.2% 1.3%
0.9% 1.1%
4.9% 5.0%
6.2% 6.2%
13% 13%
0.8% 0.9%

16% 16%
— <0.28%

0.27% 0.56%
3.3% 3.3%
1.3% 1.4%
1.0% 1.1%
5.1% 5.1%
6.8% 6.9%
16% 16%
0.8% 1.0%

17% 17%
- <0.30%

Relative Error

[
<
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With combination of o=Br of vwH(->bb) /Br(H->bb)/Br(H->ww) and the direct
measurement, one can obtain the decay width of Higgs with the precision at ~3%.
The measurement of Br is done by introducing the uncertainty of xsection of ZH from
the direct measurement around sub-precent level.
Most precisions are a few percent or lower (bb, invisible), allowing us to be sensitive to
BSM deviation
CEPC is complementary to LHC at the Higgs precision measurement.
Higgs white paper are published at CPC (arxiv: 1810.09037) and results are included in
CDR.

v Other publications: 0(ZH):1601.05352;

bb/cc/gg: 1905.12903; 77:1903.1232
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Precision for the measurement of Higgs

CEPC CDR: arxiv: 1811.10545
Fcc-ee 240 GeV/365 GeV:

Property Estimated Precision CERN-ACC-2018-0057

my 5.9 MeV

'y 3.1% ‘

o(ZH) 0.5% Vs (GeV) | 240 365

o(vvH) 3.2% Luminosity (ab™") 5 1.5
5(¢BR)/oBR (%) | HZ wH| HZ wH

Decay mode o(ZH) x BR BR H — any +0.5 +0.9

H — bb 0.27% 0.56% H - bb +0.3 +3.1 | £0.5C£09)

H — cc 3.3% 3.3% H = cc +2.2 +6.5 %10

H = gg 1.3% 1.4% H- gg +1.9 +3.5 +4.5

H—>WW* 1.0% 1.1% H-WW" +1.2 +2.6 +3.0

H—ZZ* 5.1% 5.1% H-7Z | 44 +12  £10

H— vy 6.8% 6.9% H- 409 +1.8 48

H = Zv 15% 15% H-vyy | £9.0 +18  £22

H— 7t 0.8% 1.0% H-py |19 +40

H— putp 17% 17% H - invisible | <0.3 <0.6

H — inv - < 0.30% |

* Fcc-ee has similar results as CEPC but including a 365 GeV run improving the measurement of
Higgs width.
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CEPC Higgs physics after CDR

* Improve the analyses with different technologies:
e MVA, multi-dim fit.
* Improve the performance b-tagging, photon ID/conversion etc.
» Test different setup-of the detectors

e Differential xsection measurements
e Start to do that.

* Interpretation on the results
* Further cooperation with theorists.

* Wrap up with a post CDR Higgs paper.



MVA H->uu

* After training with 6 variables: cosf,., cos6,,, A, ,,

TMVA overtraining check for classifier: BDTG

07 Signal (test saiple) ' | | * Sighal (tralning sample)'
6 -j 7, é] Background (test sample) « Background (training sample)_-]

:KolmogoroV-Smlmov test: signal (background) probability = 0.051 ( 0)

(1/N) dN/ dx

08 06 04 02 0 02 04 06 08
BDTG response

11
W/O-fow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

qaq-

S/VS+B

Mugs Eces Eqquu, 9et the BDTG response

L N S S B e e B

CEPC
Vs=240 GeV, 5 ab™

« There is a overtraining in the background due to poor statistics: ~1600
« Scan the total sensitivity (S/+vS + B) vs BDTG to find the optimal BDTG point
» The sensitivity is estimated in the 90% signal coverage region

Sig yield Bkg yield Sensitivity Mass range (GeV)

BDTG > 0.45 86.20 +/- 0.51 198.20 +/- 19.82 7.46 +/-0.27 [120.78 - 125.33]

BDTG < 0.45 29.77 +/-0.30 1402.95 +/-52.73 1.08 +/-0.03 [114.08 - 125.28]
Total 115.97 +/- 0.59 1601.15 +/- 56.33 7.54 +/-0.38

» The improvement is ~35% w.r.t cut based one for the signal significance.

Improvement on precision: 17% -> 12%



Impact of variation of B on

LI R e B B B B B B B B B B L AR i
> 1800 W Cepca07e ] the M., resolution
VA O 1e00l ‘*#-q,.,% 56ab" 240 GeV |
o™ - , _ .
B 3 [0 Signbl (test sample] | | + Signal (rhining ample) | - I 2o, Homy : O _ a1 B
% | Background (test sample) « Background (training sample) 7 ; 1400 B — E - E'
B s
S 25 _Kolmogorov-Smirnov test: signal (background) probability = 0.167 (  0) ] OC)
x {11200 .
2 ::_ _: : 0-3 T TT T TT T T T T TT LI LI T
. 15 1000} " - | ]
- s i t ] = C CEPC 2019 Ef:al photon resolution 7- = A® 7= ]
15— —s L ) ! 2 025- sgapn'2a0Gev A E
3 12 800 = CEPC Simulation Q. o C Zosqg, Hoyy ]
= -3 —S+B Fit Ly 0.2~ .
3 EE 600F .. signal h - ]
: . 5 8 B'gnka d ] 015:_ (0.16,13.2% _:
- - - s ac gfoun | c F;tLFunction: |
0.5 e - — - 0.14, 12.4% _t= 0B Py X x n
- § 400 - E 0.1— e p;=§0?))0(f7p1=()).570 —
- 3 i : (0 ,OA%Sf:::Z) C ]
- 2 - — r Critical point I
08 06 04 02 0 02 04 06 08 1 200: /—\ ] 0.05 e ]
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» Variables having low correlations with m,, are chosen as inputs to MVA

» Two dimensional fit is implemented to extract the precision of the measurement.

» The improvement is ~¥36% in the channel of Z(->qq)H->yy for the precision measurement with
MVA

» The overall precision has been improved from 6.8% to 5.7% with MVA as well as full simulated
samples used.



H->invisible, F
meastL

->/7 and differential
rement.

0.07

* For H->invisible, assuming the Br at ZH final state studied  Relative precisionon ~ Upper limit on BR
0 1(y U(ZH)XBR (H"inv.)
++70, 5| wm signal (train)
the expected measured precision is 63%. E— w Background (train) o
P P T eTe , H=nv, 403% 0.96% & Signal (test)
° H H - X ® Background (test)
A note is being prepared. I+ u+p , H=inv, 98% 0.31% N
%= qq, H-+inv., 85% 0.29%
Combination 63% 0.24% &
Process qqh.inv. 2f single.w single.z szorsw 2z ww zzorww ZH.visible total-bkg A%L—B E
Total generated 383068 801152072 19517400 9072952 1397088 6389429 50826213 20440840 1140496 909936490 7.88 % ; 3
100GeV< MEISIble <150Gev 369001 47294921 1388874 822725 229216 507558 1752824 658200 97384 52751702 1.98 %
18GeV < P:lv‘is'.'b{e <60GeV 335572 9165308 1000761 269323 152273 282624 1294263 462027 79965 12706544 1.08 %
90G°v<Evisible<ll7ch 319558 5748711 595694 223044 92958 231050 785389 272515 33705 7983066 0.90 %
85CGeV < Mvisible <102GeV 268930 605788 238190 148842 39280 135635 392275 113043 18282 1691335 0.52 % 1
A¢dijet < 175° 259553 390075 230271 141490 38358 129130 379928 109734 17393 1436379 0.50 %
30GeV < P’v'isible <58GeV 242860 241508 148607 69450 24392 46800 226881 74780 13465 845883 0.43 %
Nneut,ra.l > 15 242341 18081 22594 64324 149 44338 128425 8616 11852 298379 0.30 %
NIsoM'u.on =0, NIsoElectron =0 231374 8423 9604 60645 28 41536 76617 6447 9219 212519 0.29 % o4
Efficiency 60.40 % 0.00 % 0.05 % 0.67 % 0.00 % 0.65 % 0.15 % 0.03 % 0.81 % 0.02 % —0.4 —0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
BDT score
The differential measurement
@ 8000 LN L B R ] 2 800g———— LI L T T T
. s I ee'— ZH— 2l+bb H r e'e'— ZH— 2l+bb 1 1
starts: & 700} E 2 700}- 1 » For H->ZZ, more channels will be explored
. 600 : 600 | (e.g.Z(->ee) H->ZZ)
. 500 j 500] f :
2o " : : : ! » MVA analyses have been implemented.
+ 6 4002 n 400[ 7
0 ( : v | ] 5 i . . .
AN o Wzl _ " : o { » Further bkg suppressions will be studied.
1) - u ]
' / ‘l/ b X i 5
) 2000 . 200F; .
100F - 100} 4
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Alternative: Global analysis approach on Higgs measurement

Solve Ni by minimizing the )(2 with constraint

. IndividualAna.

10 £ ’- GlobalAna. ‘
1
Higgs -> cc, bb, mm, tt, gg, aa, aZ,
1 2 S 4N S 6 7 10" II I

Bee Bbb Bmm But Baa BaZ BWW
Higgs Decay Channels

{ fuse
Entries 8
Mecan 4.574

| RMS 2.535
I I I I I | |
1 1 I 1 1 1 1 )
Bmm Bt Beg Baa BaZ BZZ

Bee Bbb BWW

Higes Decav Channels



Conclusion

 CEPC Higgs CDR is done:

 Complementary to HL-LHC.
* Comparable to FCC-ee results.

* The studies post CDR toward TDR start

¢ Maximum use of the detector information:
* Improve electron energy measurement
* Estimate the sensitivities of missing final states.
* Improve the existing analyses.
* Fully exploit kinematic information for signal and background.
* MVA analyses implemented for different channels.
* Global analysis approaches.
* In addition:
 Different cross section, Spin/CP properties, BSM studies (H->invisible etc...).
* Impact from physics analyses on the detector design changes.

* Manpower needed
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WW fusion with 360 GeV

ngh energy (360 Ge\/) Run Fcc-ee: width :13%  (Hao Liang’s talk)

V5 (GeV) 240 365
. . Luminosity (ab_l) 5 1.5
1 1
240GeV, 5.6ab 360GeV, 2ab 5(oBR)/oBR (%) 07 wH 07 WH
H — bb +0.3 +£3.1 | +£0.5 =+0.9
any 0.50% 1% \ H — cc +2.2 +6.5 +10
H - bb 0.27% 0.63% 0.76% H— 88 +1.9 +£3.5 4.5
H-W™W"~ +1.2 +2.6 +3.0
H - cc 3.3% 6.2% 11% H s 77 44 112 410
H- gg 1.3% 2.4% 3.2% H— 1 +0.9 +1.8 +8
H - WW 1.0% 2.0% 3.1% E Y 3;91'8 ig +22
(V) (V) 0, — u p
H-ZZ 5.1% 12% 13% H — invisible < 0.3 < 0.6
H- 17 0.8% 1.5% 3% : .
Ho yy 5 4% 8% 11% » For H — yy and H — uu, resolution changes considered.
: Keep diphoton resolution ~(2.5GeV) : 9%
H= 12% 29% 40% 2.5GeV to 2GeV: 8%
Brypper (H = inv. ) 0.2% \ \ > Keep the resolution of di-muon ~(0.3GeV): 23%
o(ZH) * Br(H - Zy) 16% 25% \ 0.3GeV to 1GeV: 29%
Width 2.9% » For the measurement of Higgs width, CEPC can reach
Combined Width L a5 1.4% combining 240 GeV and 360 GeV measurement
240/360 o > Comparable to FCC-ee: 1.3%
: » If we take the same assumption as Fcc-ee, one can
Generally, since the extrapolation is not so accurate, results are comparable. h 1.2%
For Higgs c%%ingzi\lso similar performance could be expected. Kaili@Chicago reac &7 19




_]—> 7240mm

CEPC

_J—) 4400mm

—— Coil
|—> 3380mm

— HCal

A

—— ECal
1810mm

| N\ O~
| Yoke/Muon | HCal | QDO Lumical IP Vertex

6983mm 4143mm  2350mm

e'e* Higgs Factory

Table 2. Key characteristic/performance of a conceptual CEPC detector.

v A CEPC (phase | )+ Super proton-proton Geometry acceptance TPC (97%), FTD (99.5%)
L 1 1 ~ 0 1 1 y
Collider ( SPPC) was propose d 'I‘rackfng efficiency 100% within ge(ilgletx?r acceptance
Tracking performance A(1/pp) ~2x 107 (1/GeV)

v' Ecm ~240-250 GeV, Lum 5.6 ab* for 10 years ECAL intrinsic energy resolution  16%/v/E @ 1% (GeV)

HCAL intrinsic energy resolution  60%/v/E & 1% (GeV)
Jet energy resolution 34%
Impact parameter resolution 5 pm

Higgs physics at CEPC (Y. Fang, IHEP)
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Status of H->1T

* Develop signal strength analysis with and without jets

 MVA for the former Dan Yu’s talk
* TAURUS package

* Study BMR dependency

1.5

* Decay modes ID....

5(o xBR )/(c xBR) g :
upH 2.8% < |
eeH 5.1% a1y )
VVH 7.9% _
qqH 0.9% 0-“”11‘11‘“1““
combined 0.8% 2 . e e e
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Status of H->bb,cc,gg

* Wrap the analysis into a note and submit to CPC.
* Flavor tagging used in the fit (3 dim)

More at Yu Bai’s talk
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e Start to consider the systematics.

Decay mode o(ZH) x BR BR
H — bb 0.28% 0.57%
H < c¢ 2.2% 2.3%

H - qq 1.6% 1.7%



HL-LHC: Differential xsection measurement

CMS Projection 6000 fb™' (13 TeV)

®* &
*; 1 Eb_.- T e S‘ “w/ Run 2 syst. uncert. (S1)
] - m 1? . .
O ~ . e Q) B .
X B ~ - .
- D .
§10 E 8 w0k
Y=~ E ATLAS Preliminary . T L o "
3 |© [ Projection from Run 2 data g 102 + Combination )
102 & {s=14TeV, 3000 fo" S
- Heyy+H-—=2ZZ - 4| < 100k Syst. unc.
N HL-LHC No S -
107 ; HL-LHC S)c:s. isStat. 1074 aMC@NLO, NNLOPS
B HL-LHC Scaled Sys. + Stat. E rom GYRM.2017-002 3
T B T R A AP AP R T . . . 10—5_‘”(?3:“]':0‘"111|Illlll.‘IIIV"IAV‘IIKJIII!XIIIl‘|I
g §
g 1 g 12
©
0.9 5 :
0 10 20 30 45 60 80 120 200 350 1000 I g i i
p" [GeV] 2 0.8
T o -
T
i

LA il L a LA Ll - - - AA L - - l AL
0 15 30 45 80 120 200 350 600 *
The precision can reach a few percent for different p; bins. p;' (GeV)



HL-LHC H->yy: one example
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Scenario S1: Total uncertainty is half of the one used for the result of 80 fbL.
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HL-LHC H->yy: very advanced analyses (example)

* The inclusive analysis is very simple :

* Photon ID, Isolation, Kinematic cuts on
leading/subleading photon.

* Explore other possible improvements ?
* Divide events into different categories.
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O NnNe exam p | e ATLAS-CONF-2016-017

Category Events By Soo0 foo Zog S g(t)
Central low-pry; 31907 3500 180 0.05 3.04 120
Central high-pr; 1319 140 20 0.13 1.66 15

Forward low-pr, 85129 13000 310 0.02 2.73 200
Forward high-pr, 3977 540 33 006 138 25

The improvement of significance w.r.t. inclusive one is from 4.0 to 4.6, corresponding 13% improvement on the
precision.



Results and systematics for H->bb,cc,gg

Combination of the 4 channels:

Statistic precision of o(ZH)*Br(H->bb/cc/gg) is 0.3% 3.3% and 1.3%

Consistent with the goal expected
in pre-CDR with full simulation samples

Decay mode
H - bb
H - «
H g9

o(ZH) x BR BR
0.28% 0.57%
e 2.3%
1.6% 1.7%

IIH with 3D fit and systematic uncertainties considered:

Table 2. Uncertainties of H — bb, H — ¢¢ and H — gg

utu—H ete™H
H—=bb | Hoecc | H=g9 | H=bb | H—-cc | H-gg
Statistic Uncertainty 1.1% 10.5% 5.4% 1.6% 14.7% 10.5%
-0.2% 4.1% ! -0.2% +4.1% x
Fixed Background ) i o 7.6% ‘ ) 7.6%
+0.1% -4.2% +0.1% -4.2%
) . , +0.7% +0.4% +0.7% +0.7% +0.4% +0.7%
Event Selection h , - y y y
-0.2% -1.1% -1.7% -0.2% -1.1% -1.7%
. o 04% | +3.7% | +02% | -04% | +3.7% | +0.2%
Flavor Tagging . " N y y y
+0.2% -5.0% -0.7% +0.2% -5.0% -0.7%
Non uniformity <0.1% <0.1%
L i - _ +0.7% | +55% | +7.6% | +0.7% | +5.5% | +7.6%
Combined Systematic Uncertainty . . i : . -
-0.5% -6.6% -7.8% -0.5% -6.6% -7.8%

Analysis with more reliable
approaches. Systematic
uncertainties considered.



Measurement of Higgs width

* Method 1: Higgs width can be determined directly from
the measurement of o(ZH) and Br. of (H->ZZ*)

I'(H— ZZ*) o(ZH)

- Precision : 5.1%
BR(H —- ZZ*) BR(H — ZZ*)

[y ox

e But the uncertainty of Br(H->ZZ*) is relatively high due to low
statistics.

* Method 2: It can also be measured through:

. ['(H — bb)
'y o BI?[ 75 b.h) o(vvH — vbb) x I'(H — WW?*).BR(H — bb) =T'(H — bb) - BR(H — WWT)

3.0%
L(H —bb) o(vvH — zu/bb)‘/ Precision : 3.5%
BR(H — bb) ~ BR(H — bb) - BR(H — WW*)

'y o

* These two orthogonal methods can be combined to
reach the best precision. Precision : 2.8%



