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Why do we need e*e” collider

(s = 14 TeV, 3000 fb™' per experiment

| Total ATLAS and CMS

e Statlst_lcal HL-LHC Projection

—— Experimental

Theory Uncertainty [%]
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Expected uncertainty

For HL-LHC (3000 fb-1), the precisions of
measurements of Higgs coupling
parameters are not better than a few
percent.

* Theoretical uncertainties start to be

the dominant one.

If the new physics is at the sub-percent
level, HL-LHC is not sensitive.
Need e*e"machine to precisely measure
Higgs property as well as explore new
physics.



Higgs related physics at e*e” collider

ole*e’ — HX) [fb]

107 |

1072

10 E

|

1000

3000

‘2000I
Vs [GeV]

we

» 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

DRUID, RunNum = 0, EveniNum » 5401
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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 DIC

MH, YY

WW, 27,

>

] vV qq Z boson
decay

A lot of decay channels can be investigated.

Higgs physics at CEPC (Y. Fang, IHEP)



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, pHy).

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)

Higgs physics at CEPC (Y. Fang, IHEP)
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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) SRR
\ AP ) Precision : 5.1%
BR(H > ZZ°) ~BR(H = ZZ°) +

[y ox

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

* Method 2: It can also be measured through:

. ['(H — bb)
IFOC ' ' o(vvH — vibb) x T'(H — WW?™*).BR(H — bb) =T'(H — bb) - (H - WW™)
'y BR(H = bb) o(vvH — vobb) x T'(H — | ) - BR(H b) =T'(H b) - BR(H — WWT)

3.0%
C(H —bb) o(vvH — z/ubb}/ Precision : 3.5%
BR(H — bb) ~ BR(H — bb) - BR(H — WW¥)

'y ox

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



Precision for the Measurement of Higgs

Property

Estimated Precision

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%

m 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
HyWW-
H—ZZ*
H -~y
H—Z~

0.26%
3.1%
1.2%
0.9%
4.9%
6.2%
13%

0.56%
3.1%
1.3% 1.
1.1% I
5.0% 5.1
6.2% 6.
13%

0.27%
3.3%

16%

0.56%
3.3%
3% 1.4%
0% 1.1%
% 5.1%
8% 6.9%
16%

1.0%
17%

Horvr 0.8% 0.9% 0.8%
H—putp~ 16% 16% 17%
BRESM — <0.28% e

<0.30%

Relative Error
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With combination of ¢ ® 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: o(ZH):1601.05352;

Invisible: 2001.05912

bb/cc/gg: 1905.12903; 77:1903.1232
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https://arxiv.org/pdf/1810.09037.pdf
https://arxiv.org/pdf/1811.10545.pdf
https://arxiv.org/abs/2001.05912

CEPC Higgs white paper : Most Influential Paper Award of
CPS in 2020

Most Influential Paper Award of Chinese Physics Society
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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(virH) 3.2% Luminosity (ab™") | 5 1.5
d(eBR)/oBR (%) HZ wWH HZ wWH

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 409 )

H—ce 3.3% 3.3% H - cc +2.2 +6.5 £10

H = gg 1.3% 1.4% H- gg +1.9 +3.5 445

H—WW* 1.0% 1.1% H-WW" +1.2 +2.6 +3.0

H— 22 5.1% 5.1% H- 72 +4.4 +12 410

H = vy 6.8% 6.9% H- +0.9 +18 8

H— Zy 15% 15% H- vy +9.0 +18  £22

H—rtr- 0.8% 1.0% H-p 'y +19 +40

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

H — inv L < 0.30%

e Fcc-ee has similar results as CEPC but including a 365 GeV run improving the measurement of
Higgs width.
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https://cds.cern.ch/record/2651299/files/CERN-ACC-2018-0057.pdf

MVA methods used in different channels and other activities

* After training with 6 variables: cosf.., cos6,,, A, ., My, Ece, Eqquu, 9et the BDTG response
TMVA overtraining check for classifier: BDTG

||||||||||||||||

i e B e B0 = : o
E 5 : : 5 E S 2H background S ol S5 2H background 1
‘ : o  H>ZZ 1
g 4 . A g
2 sKunlin Ran :
1 < 2 - y I 10— . g —
oE e é L 05 0 05 ] 10 R ﬁL‘ H E I I I A
-08 06 04 02 0 0.2 0.4BD:2 re:pﬂon“ BDTG | | -H'L F
+ There is a overtraining in the background due to poor statistics: ~1600 - I
» Scan the total sensitivity (S/v/S + B) vs BDTG to find the optimal BDTG point . o 1 | E
* The sensitivity is estimated in the 90% signal coverage region g ] |
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] 4 i i ho
BDTG < 0.45 29.77 +/-0.30 1402.95 +/- 52.73 1.08 +/-0.03 [114.08 - 125.28] 1005 04 03 —02 01 0 07 02 03 1005 —04 03 02 01 0 01 02 03
Total 115.97 +/- 0.59 1601.15 +/- 56.33 7.54 +/-0.38 BDT score BDT score
» For H->uy, the improvement is ~¥35% w.r.t cut based AGIER)
o -
one for the signal significance (improvement on H.>77  Category -BR) L]
p rec i S i on 1 7%- 1 2 %) . TMVA overtraining check for classifier: BDTG TMVA Cut_based B DT
3 3 [E70] Signbl (test sample) ' | | « Signal (trhining sample)| | ]
> Th e ove ra | I p rec i S i O n % E:] Bagckground (tes‘t,sample) « Background (t?ainin: sample) E l.l;l.l: HVquCllt / el 1 5 e 5 1 3,6
= 25K test: signal ( gl ) probability = 0.167 (  0) -
has been improved = : puHgquyeut/mve 48.0 42.1
from 6.8% t0 5.7% with 1 Fangyi Guo fr vvHppgq®™t /™ 119 125
rombs.67%10 5./7% Wi 15E 38 vvHqquucut/mva 23.5 20.5
MVA as well as full i3 _g gqHyy ppcut/mva 45.3 37.0
simulated samples used ok iz qqHppyycut/mva 52.4 44.4
g
for H->yy. o g Combined 8.34 7.89
08 06 04 -02 0 02 04 06 08 1

BDTG response



Higgs CP study at CEPC

3; 004f E

Study channel: ee » ZH — puH (- bb/cé/gg) %00022: :
i 1 H 0.025% é
Differential cross section could be represent as: 3 E
do o015
dcosO,dcosO,de =N X(]CP—even(HL 92: (15) + px]CP—odd (01» 92: (15)) 0.01; ]
0.005} =

An Optimal Variable w which combines the information from {8, 8,, ¢} defined as: ey s, o B R G Y Y T T

— ]CP—Odd(911921¢)
]CP—even(91;92,¢)

(0]

w to measure p

Used ML-fit in w distribution to extract p.

Result: . — —
=z 5 C CEPC Workshop 2021 =

< - .

For p: 4= E
68% CL: [—2.9%107%,2.9x107?] "3 E
95% CL: [-5.7x1072,5.7x107?] - :

2= =
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Image Recognition Techniques to
ldentify Long-Lived Particles(h->LLPs)

«  Mapping the raw detector information to a 2D image

« Input information: image with resolution of (R, ¢) = 200x200 and 1 to 2
channel(s)

R starts from 0 to 8 m, ¢ starts from —wto =
Energy is the sum of Calorimeter hits.
Time is the maximum AT (E > 0.1 GeV) within (R, ¢) pixel

Model: ResNet18 (Classification), ResNet50 (Vertex Finding)

°

Binary Cross Entropy Loss: loss(x;,y;) = —w;[y; log(x;) + (1 — yy)log(1 — x;)]
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A LLP Event




BR(h — X)

Expected Search Sensitivity

1074

107°

107

Image Based LLPs Search Limit (2-jet)
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CEPC Simulation Preliminary
Vs = 240 GeV

e'e > ZH—qg+ X+ X,
X; =W, X, = qq

111

LLP Mass [GeV]
= 0.1 1
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Decay Length [m]

Signal Efficiency of ML-based and Cut-based analysis for Z = vv

Selections Signal: Z - vv ee—qq ee — ZH
- 2.5 x 10°
- 1.0 x 10°  0.99 x 107
F > 190GeV, Npros > 8 88,077 290 3,361
ML score > 0.95 87,050 0 0
Efficiency (ML-based) 98.83%
E>; > 30GeV 67,244 0 0
Efficiency (cut-based) 75.19%

* Best branching ratio exclusion limit at decay length
around a few meters: BR(h - XX) > ~ 10~° for most
LLP masses

Good sensitivity for low LLP mass (as low as 1 GeV)

16



Global analysis for CEPC Higgs

Efficiency modulate N 2 n

Similar for their covariances

We know the covariance of N
~ multinomial

so X"is easy

Solve all Ni by minimizing

n = EN .

Bi(l-B)) —-BiB, .. —BiBn

SN _ e —ByB1 By(1—Bj) ... —ByBn

— BB — B, Bs




Global analysis :

ParticleNet features

1 t-SNE

P bd

tSNEF ature 1

" ..\ =
: ﬁ:/
v U .‘
& -s f“‘

calculate the efficiency matrix

Particle level information as input, no
dependence on jet-clustering, ...

Proof-of-principle study shows
precision improved by a factor of ~2

Full simulation study is ongoing ...

Enhance Higgs coupling precision

§ : .Ind.Ana.
% 10 j
£ -
) B
N
Bz‘z‘ Bbb B,uy BTT ng Byr BZZ BWW B;/Z
ArXiv:2105.14997
Decay Mode Ind.Ana. Glo.Ana. 1P CEPC CDR
H —ce 1.8% 0.65% 2.7 3.3%
H — bb 0.19% 0.09% 2 1 0.56%
H— ptp~ 12% 7.2% 17%
B o 0.61% 0.41% ( 1.4 \ 1.0%
H — gg 0.7% 0.35% 2 0 J  14%
H — vy 3.3% 2.3% 6.9%
H—ZZ 2.0% 0.65% 3 O 51%
H—>WtWw~— 0.37% 0.21% 1.7 1.1%
H—>~Z 11% 2.8% 3.9 15%
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H — yy precision @ CEPC conceptual detector
* BGO crystal ECAL in CEPC conceptual detector:

* full BGO crystal, 24 X, expected energy resolution Z,E ~ f/og) @D ~1%.

* Simulate the detector response by smearing truth MC.

* 0(ZH)XBr(H — yy) precision @ CEPC:

* Only consider the o influence in m,,, shape in vwvH — yy and
uuH — yy channels, with cut-based analysis.

* Combined statistical only precision: §Br(H — yy) = 8.0% (11%

SiW ECAL scheme, 27% improvement. ) i T
h 1x1x40 ﬁ
Z — vv,H— yy, Signal Events \Photodetectors g FomT, siem_y "

aaaaa

=
& 89 CEPC Workshop 2021
70 F  Vs=240GeV, J Ldt=56ab"

¢ Incident

T T
, particles

N_nnbkg = 5386 + 78
mu_myy = 1.004 + 0.080|

A\ EM Resolution | 6(oxBr)
M New Concept | 3%/VE @ 1% 8.0%
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for top quark measurements with tt threshold scans

ce-colliders provide not only the top reconstruction

tt threshold scan

Our plan 1s to study possible solutions for CEPC

method but also the tt threshold scan

The scan 1s made against \/E and cross-section 1s

the direct observable

This brings measurements of top mass and a bunch

of other parameters
e Top width
e Top Yukawa coupling
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Status and plans

e Recent progresses of the CEPC top mass team

ANLL

< =100 fb‘1
Scan 8 4/ s points
xpect top mass uncertainty

e Extract information in the cross-section curve at
the tt threshold

e Construct 1D likelihood to make scan to estimate
measurement uncertainties

II[|I[I|[IITII[|III[II

obe 1 v v v b e e

. . . 171.49 171.495 1715 171.505 rr11t/7C1585\}

e Preliminary tests with a few proposals of i
luminosities and energies \/E 1715600 310
e Todo Top mass uncertainty
30.0030— AVA 1
o TOp Width, aS eXtI'aCtiOn § 0.0025 | LumanSIty

e Add signal acceptance and efficiency
* Add background contributions




*

X4

Higgs related physics at 360 GeV (generic study)

Unpolarized Beam
— - = : :

06

|
365 GeV

05

Lumi-suppression factor

urgen R.Reuter :

J/Maximal NNLO xsection: @381.3GeV R

380 koo 420 440 460 480 500

g { ' Zhen Liu, Liantao Wang et al.
Z f@c; o olete i) |
7 05 I I
- lP(e*e'-)tf)xéﬁ) LO

I

I

I

I

. : : | Vs (GeV)
Agllei ) Agi/gi®)
With the NNLO calcuation, the highest xsection is at the 18 [T T P T e T . T —
energy of 381.3 GeV : L) G y i
. . . . . tof @y Lhe | 3300300087 g0, i -1
Considering the Lumi-suppression factor when going to Fosoon N NN 1 — 05ab LT
. : . . g S e es w2
higher energy, the effective highest xsection is around 365 sl N \ 100, £ M s
The effective xsection from 360 GeV is not much different e sooe S N e I A
from that of 365 GeV. NN ss-s0Gary Y A5 w7 —osat |
H H s \\\ \\~, ~::’('l:ll :100' ’ — 1.5ab ! opt obs. | '
If we choose higher order correction, the peak could be S N — g ooty
ULy o —150. S 1B
even lower than 360 GeV. T s e s T ey

Co-cf) @evi/A?)

For 2 ab'! data, it will take 4-5 years with optimized setup

22
of the accelerator.



Extrapolations

* Mainly scale yields from 240GeV case.

* 0(ZH): preliminarily, around 1%

* Need patient work on ggH channel

* Resolution change: 2 benchmarks

e dimuon:

 diphoton:

would worse; from ~0.3GeV to 1GeV;

would better; from ~2.5GeV to 2GeV;

T
CCCCCCC
1

a

[=3

S
T

Events /0.8 GeV
o n H

o

=

o

T

Events /0.8 GeV
N N

8000 1500~

6000

4000

2000

Ideal inclusive Z — uu:0.92% — 1.72%

(23% -> 29%)

(9% -> 8%)
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Additional sensitivity on Higgs measurement

! 1011
| any

H - bb

H - cc

-d
(=]
G

H - gg
H-> WW

tt: here H - 77

5.6 ab™

# l’ts for

3
of

H- 1t
H - yy
—10* H - uu
B Brypper(H

107

100 200 400 - inv.)

/s (GeV)
o(ZH) = Br(H
- Zy)

Width

Combined
Width 240/360

For Higgs physics results, there are no significant different for the colliding energy with 360 GeV or 365 GeV.

240GeV,
5.6ab™

ZH
0.50%

0.27%
3.3%
1.3%
1.0%
5.1%
0.8%
5.4%
12%

0.2%

16%

2.9%

360GeV, 2ab™

ZH
1%
0.63%
6.2%
2.4%
2.0%
12%
1.5%
8%
29%

\

25%

1.4%

wH

\
0.76%

11%
3.2%
3.1%
13%
3%
11%
40%

\

Fcc-ee 240 GeV/365 GeV:

CERN-ACC-2018-0057

Vs (GeV) 240 365
Luminosity (ab ') 5 1.5
d(cBR)/oBR (%) | HZ wWH| HZ wH
H — any +0.5 +0.9
H - bb +0.3 +3.1| £0.5 +0.9
H - cc +2.2 +6.5 10
H- gg +1.9 +3.5 +4.5
| H->W'W™ +1.2 +2.6 3.0
H- 77 +4.4 +12  +10
H- 1o +0.9 +1.8 48
H- vy +9.0 +18 422
Hopp +19 +40)
| H — invisible <0.3 <0.6

combined width: 1.3%



https://cds.cern.ch/record/2651299/files/CERN-ACC-2018-0057.pdf

Conclusion

* After the Higgs white paper and CDR are done, analyses from individual
channels have been documented. Several publications of them are
available now.

* Improved analyses on CEPC Higgs are on going

* We also have a generic study on Higgs physics at 360 GeV (360 GeV/2 ab
1 as a benchmark)

e Can bring some improvements in Higgs precision measurement in addition to top
coupling measurements.

* Significant improvement on Higgs width measurement.
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Jiayin Gu, Cen Zhang et al.,

Impact on Higgs

light shades: 12 Higgs op. floated + 6 top op. floated
dark shades: 12 Higgs op. floated + 6 top op. — 0

10’ — ‘
‘.:(-j-owlv:l". ) circular collider with unpolarized beams —g
[ (Wl CC 240GeV + HL-LHC \ 240GeV (5/ab) + 350GeV (0.2/ab) + 365GeV (1.5/ab)
CC 240/350/365GeV ‘ Jht shade: marginalized over 1op parameter: 1
1 Il CC 2603500365Gev + HL-LHC | | NPT PR Y 4
* i
=11 | |
§ 107 |
K7} f ' i
® ‘
et -2
Q 10 ] |
£
:
10
F
[
107 ~ : ‘ ' -+ -

€Czc ©Cy Tz Ty Oy Oy, Oy, Oy, Oy, Az 6k/10°

Uncertainties on the top have a big effect on the Higgs
Higgsstr. run: insufficient

Higgsstr. run @ e"e~ — tt: large y; contaminations in various coefficients

Higgsstr. run @& top@HL-LHC: large top contaminations in €y, g¢ 74,27
Higgsstr. run & ete™ — tt @ top@HL-LHC: top contam. in Tz only

Triple Higgs coupling:

bounds on 6k, from EFT global fit
-2 -1 0 1 2 3

e I68%.95%CII. bounds, Ieﬁton eollider'only
"Il 68%,95%CL bounds, combined with HL-LHC
XX 1% 88% 0| bounds (combined with HL-LHC)
- s~ 68%,95%CL bounds, 1h only

H-Lhols: [ B |

+950114TeV(3/ab), LHC WG report

+1.30

CEPC|=% +9%91240GeV(5/ab) only (CEPC)
& [ 1 10%21240GeV(5/ab)+350GeV(200/fb)
FCC-ee | 10371 >40GeV/(5/ab)+350GeV/(1.5/ab) (FCC-ee)
Py 034 FCC-ee with zero aTGCs

ILC} 2% +0801250GeV/(2/ab) only
iy 140541 550GeV/(2/ab)+350GeV(200/fb)
Py *023| ahove + 500GeV/(4/ab)
% *019) 2bove + 1TeV(2/ab)

CLIC|3% +021350GeV(500/fb)+1.4TeV(1.5/ab)+3TeV(2/ab)
i #028(, 7hh at 1.4 TeV
A 224\ binned My, in vvhh (4 bins)
-2 2 3




Combination/com

Precision of Higgs coupling measurement (7-parameter Fit)

Relative Error

m HL-LHC S1/82 5

m CEPC 240 GeV at5.6 ab™" wi/wo HL-LHC

-
°.

precision

A =
@] @]
& N

=\
e
IN

parisons with HL-LHC

Relative Error

1071

Precision of Higgs coupling measurement (10-parameter Fit)

n CEPC 240 GeV at5.6 ab™"
m combined with HL-LHC

-----
_____

-----

iiiii

_____

iR
Ky Ko Kg K K: Kz K, K, BR&" K
K, K¢|K o Kg Kw K, K7 Ko 4 = S WK & e W "D )
precision reach of the full EFT fit (Higgs basis)
B HL-LHC / S2 + LEP/SLD
Bl CEPC, /with HL—LHC S2 + LEP/SLD
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Typical individual channels

CEPC CDR ]
5.6 ab™, 240 GeV ]
Z—-qq, H->yy

> T
8 L
1600 %
0] L
o L
— 14001
(2] L
S1200f
> L
[N1] L
1000
800:_ = CEPC Simulation
I —S+BFit
600; ----- Signal
400} ----- Background
200} sy
A— ST
115 120 125

CEPC CDR
Z—vv, H—bb,cc,gg

2021/8/16

P i |
130 135 140
18000F

16000{

6 GeV

Events /2

12000}
10000;
80005
60007
4000;

2000}

M,y [GeV]
‘-I CIIEPC ISi‘mluIIat‘ic;n‘ " CI‘EPC CDF‘R R
— S+B Fit 4 ]
,,,,, Signal 56ab”,240GeV
[ ZH—bb e*e’—vvH, H—bb 1
14000f - ~ .
A L crerar M ey
60 100 110 120

M= [GeV]

T

400

200

e
23001 « CEPC Simulaion ~ CEPC 2019 .
o —S+BFit 5.6 ab", 240 GeV
Z b e Signal Z—qg, H-p'w
=250 q@, Hop'p R
T
s [
L1>J L
200} 1
150} .
100f3, .
50( P04y
[Ispsemt rn e ! L ---jl.\\.;;.
105 110 115 120 125 130
M, [GeV]
LA R R LA L R B
38001 . cEPC Simulaon ~ CEPC CDR
L |
S st i 5.6 ab", 240 GeV
(%) Z-pp, Hott
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Signal/bkg Cross Sections
1010
Kaili Zhang :
e 240GeV: 10°F .
i 10°g
e ZH:196.9; vwH: 6.2; interference: ~10% of vvH; about 318:10:1; (Z->vve | 8
e g
- 10°5
e 360GeV: (vwH ~ 117% Z->vv ), (eeH ~ 67% Z->ee) *
10}
360/240 :_ i
ZH 196.9 133.3 126.6 123.0 -36% P | D N
100 200 300 400
WW fusion 6.2 26.7 29.61 31.1 +377% 8 (GeY)
ZZ fusion 0.5 2.55 2.80 2.91 +460% g
Total 203.6 159.0 ST
Total Events  1.14M 0.32M Z
150; i
In total ~1.5M Higgs would be collected in CEPC 240+360. oof | |
More fusion events, also eeH can not be ignored in 360GeV. 505 |
B } e*e >wWH(WW fusion) ]

200 250 800 350 ___ 400
2021/8/16 Kaili@Chicago Is [GeV] 30



L 7240mm
C E P C Yoke/Muon

_]—> 4400mm

—— Coil
|—> 3380mm

— HCal

A

—— ECal
1810mm

| S\
| 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%)
Collider (SPPC) was propose d Tracking efficiency ~ 100% within geometmyf acceptance
v o 1 Tracking performance A(1/pr) ~2x 1075 (1/GeV)
Ecm ~240-250 GeV, Lum 5.6 ab™ for 10 years ECAL intrinsic energy resolution  16%/vE & 1% (GeV)
HCAL intrinsic energy resolution 60%/v/E & 1% (GeV)
Jet energy resolution 4%
Impact parameter resolution 5 pm

Higgs physics at CEPC (Y. Fang, IHEP)

31



Status of H->1T

* Develop sighal strength analysis with and without jets

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

e Study BMR dependency

1.5

* Decay modes ID....

8(oxBR )/(c xBR) S |
;| 2.8% < |
()eH 51% 0.5? -
VVH 7.9% [
qqH 0.9% T 11 N N
combined 0.8% 0 5 10 15 20

BMR[%]


https://indico.ihep.ac.cn/event/9832/session/9/contribution/15/material/slides/0.pdf

Status of H->bb,cc,gg

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

o
SForo 38388383

 Start to consider the systematics.

More at Yu Bai’s talk

Decay mode o(ZH) x BR BR
H — bh 0.28% 0.57%
H = ce 2.2% 2.3%

H - qq 1.6% 1.7%


https://arxiv.org/abs/1905.12903

HL-LHC: Differential xsection measurement

CMS Projection 6000 fb™' (13 TeV)

C @ ===
‘; L E%_.- e ; “w/ Run 2 syst. uncert. (S1)
[y - e e (4)] 15 =
(O] — e (5 = .
x B ~ B -
. A Q -
a1 a 10
g" - £ ATLAS Preliminary s T+ ’
° | Rt 2 ail. . + Combination
3 Projection from Run 2 data < 10°E "
10% &= {s=14TeV, 3000 fb” B F
F Heyy+H—=2ZZ - 4 < 102 L Syst. unc.
=i ¥ HL-LHC No Sys -
10°7° i HL-LHC Sys. { G 104 aMC@NLO, NNLOPS
B HL-LHC Scaled Sys. + Stat. Bl R 8
S IPTFEET R IEPENTST T I RN BN TT N RSN SR DS IR . __ | 10_5—4-1?5:“]':01"111||l.||1-A||1-.|||-.||.-|1|1,|1|v1|1
o 11 § _F
g 1 3 1.2F
©
0.9 0 I A "
0O 10 20 30 45 60 80 120 200 320 1000 = :
p [GeV] < os8F
€ 0 15 30 45 80 120 200 350 600 *

The precision can reach a few percent for different pr bins. p;' (GeV)



HL-LHC H->yy: one example

AITLAS lgrelliminary | B . !
Projection from Run 2 data S2 scenario
Vs =14 TeV, 3000 fo %
4 otal Stat. Syst.
H—yy, ly J<2.5 | :
ggF+bbH ——o 1.00 = 0.04 (+0.02,+0.03 )
L 1 +0.10
VBF - - — 100 ') (£0.04,=0.08 )
VH - 100009 (+008, >°°)
Ll 1 +0.08
top — T i 1.00 5 (£0.05,=0.06 )
I I }-ol-lTotaI Sltat ] SystI | sm
0.8 0.9 1 g B 1.2 1.3 1.4
(oxB)/(ox B)SM

ol
ggH

O.Y ¥
VBF

VY
OwH

Yy
OzH

Yy
OhH

3000 fo (13 TeV)
CMS w/ Run 2 syst. uncert. (S1)
~ . w/ YR18 syst. uncert. (S2)
Projection w/ Stat. uncert. only
—
0.02 (Stat); 0.03 (S2); 0.04 (S1)
0.05 (Stat); 0.13 (S2); 0.22 (S1)
4
0.14 (Stat); 0.14 (S2); 0.14 (S1)
v 0.23 (Stat); 0.23 (S2); 0.24 (S1)
e ]
0.08 (Stat); 0.08 (S2); 0.09 (S1)
0 0.1 0.2 0.3 0.4 0.5 0.6

Expected uncertainty

Scenario S1: Total uncertainty is half of the one used for the result of 80 fb1.
Scenario S2: Total uncertainty is 1/3 of the one for 80 fb-1.



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.
P; of Higgs (Py is

Divide different eta regions perpendicular to the Conversion of the
for two photons thrust direction of two photons
photon)

-

|:| yy+vj Background

e e .
0.12f- ATLAS Simulation & ¢ Unconverted central ]

- Preliminary high p ]
/) Bkgd. Uncertainty E Tt

* FWHM = 3.2 GeV .

1/N dN/dm,, / 0.5 GeV

2
c
3
[} E
AL 0.1— H
'gc:‘ 10 - —}— ggF m =125 GeV i | O Converted rest
5 - S 0.08 m,= 125 GeV @) lowp, B
g _2 .,_... —}— VBF+VH+ttH m =125 GeV -Vor- H / % FWHM = 4.5 GeV 7]
£ 102k e, - {s=8TeV
£ £ ."‘oo
2 ol e,
o 10°F
| 0 = 7. ’}m
| (B)[15.1%] = F \s=7TeV ,"’,1",” it
. 1.79Gev 3 104k imulati ¢ g o by
F> | £ 107 ATLAS Simulation 4. 1» tm
s 8 5 £ Preliminary ’ %
E g -5 i ROy Oy | N O O | ) | 2 ; L L |
SR 10% 50100150 200 250 . 300
pTl N

eruny 36




os white paper @ CDR
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One exam P | e ATLAS-CONF-2016-017

Category Events Boy Soo foo Zoo Soy
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 0.06 138 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 o~ o
H g9

olZH) x BR BR
0.28% 0.57%
2% 2.3%

1.6% 1.7%

IIH with 3D fit and systematic uncertainties considered:

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

putu—H ete~H
H—=bb | H2cc | 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% %
Fixed Background ' i : 7.6% Y k 7.6%
+0.1% -4.2% +0.1% -4.2%
) . , +0.7% +0.4% +0.7% +0.7% +0.4% +0.7%
Event Selection : % ) ; ; k
-0.2% -1.1% -1.7% -0.2% -1.1% -1.7%
. ——— -0.4% +3.7% | +0.2% -0.4% +3.7% +0.2%
Flavor Tagging ) ; ‘ 3 g 4 :
+0.2% -5.0% | -0.7% +0.2% -5.0% -0.7%
Non uniformity < 0.1% <0.1%
. . : T ; +0.7% | +5.5% | +7.6% | +0.7% | +5.5% | +7.6%
Combined Systematic Uncertainty X o 2 & 3 A
-0.5% -6.6% | -7.8% -0.5% -6.6% 7.8%

Analysis with more reliable
approaches. Systematic
uncertainties considered.



Advantages from circular colliders

EPJC 73,(2013)2530

e The luminosity spectrum at = o e i
. : . . = - —|LC 350 GeV -
linear colliders 1s obviously = S -
worse than circular colliders ¥l B Sl

. . . — 1.21= —FcCee 350 Gev Colliders ]
glven the partICIGS Wlth energy % 1 | normalized over full energy range / o
loss not being removed by the S | Particles @ linar :
bending magnets & [ colliders with energy a
0.6 [-loss cannot be filtered -

- out as circular colliders, )

. , 0.4 resulting in fat tails -

e This can substantially change . \ 3
the cross-section curve at ' g

[

around the tt threshold S 345 350 355
/s' [GeV]




Comput. Phys. Commun. 209 (2016) 96-115

Our Setup JHEP 1802 (|2018) 125 ‘

1.15+
[ PS_
* Use the package “QQbar_threshold™ to calculate cross- < 1.10 =100 MeV
section near threshold in ee-colliders at N3LO 1n S 105, ooy

resummed non-relativistic perturbation theory 2 O oMy
. . 5 0.95-
e Coulomb interactions between the quark and the & oo

antiquark leading to a strong enhancement of the cross

lllllllllllllllll

section 1s included 340 342 344 346 348

e To avoid IR renormalon ambiguities, the PS shift (PSS)
mass scheme 1s applied by default in the package

LIS- g variation ~1.7%

% 1.10:
m;® = 171.5GeV, ag(myz) = 0.1184 2 15— S
2 1.00-

SR

e ISR effects are also included in the package g, %V&—\
) V as(mz)=0.1164 ]

e We incorporate luminosity spectrum by a simple 0.90
Gaussian function with 1 GeV as the energy resolution at =~ 085
the moment

OISR/

\\\\\\\\\\\\\\\\\
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ISR and LS eftects

o o [ =
cs 00 O N
1

cross section[pb]

o
.b

mt=171.5GeV N3LO

=

— without ISR or LS
—  with ISR
—  with ISR+LS

936

344
sqrt_s[GeV]

352

e The cross section as a function
of centre-of-mass energy

e A clear peak of production

can be seen at around the tt
threshold

e Adding ISR and LS (1 GeV
width), the position of peak
1s hardly affected, but the
sharpness 1s weakened and
the total rate 1s suppressed
in this region



Fisher information

\.g 1000 : without ISR
I — [ Jwith ISR
e 800 f——
: 600 :—
(()) -
+ 400 _—
q) L
— e ————— : ] . . . . ] . . . . ] . . . .
335 340 345 350 ‘;/GeiS/E)S
N 8000 f——
S o ‘% Wihout 1S Larger amplitudes implies richer
Qo = information and higher sensitivities
% 2000 =
\§ -2000 E—
\b -4000 f—
— -6000 :—
-8000 :— 1 . . . . 1 . . . . 1 . . . . 3L__l’o . . . . -
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o(e+e- — tt)/fb

1/6(I,,,)*/GeV?
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\/E scan points

e Test with a series of centre-of-mass energy grids
e 4-/s scheme = {341.5,342.5,343,344.5} GeV
e 6-1/s scheme = {341,342,342.5,343,343.5,344.5} GeV
e 8-4/s5 scheme = {340,341,342,342.5,343,343.5,344.5,345} GeV

e Top mass 1s assumed as 171.5 GeV; the acceptance and efficiency 1s assumed to be 100%
at the moment; ISR 1s considered; but LS 1s yet to be included

e Luminosity per scan point is assumed to range from 25/fb to 100/fb

e A likelihood 1s constructed to combine the statistical power of all scan points

L= HP(E:- | E:-(G(mmp, | I 2 \/;), <, 0)) icorresponds to the i-th /s scan point
I



Sixth workshop of the LHC LLP Community

What is a long-lived particle?
Object (neutral or charged) decaying a macroscopic and reconstructible distance from IP

Signal signature of a long-lived particle:

Neutral LLP decays are a spectacular signature, and the burst of energy appearing out of nowhere sets it apart
from the collision point.

f

Timing layer

Phys. Rev. Lett. 122, 131801 - 2019.04.03
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https://indico.cern.ch/event/849129/timetable/

Basic Setup

Endcap Famrel Endcap
~_—7~qg
=
B
=
551
Lg Ls |
P— P —

Muon Detector

° Rin ~ 4m

* Royt = 6m

At = tyj — Thi/C

Dominant Background

e ete” - ZH

« ete” - qq

Full simulation with CEPC official software
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Expected Limits for LLPs

ete” - Zh - (Z:qq)qqvv 373308 0.02 (CR) 2.4x107°>

ete” - Zh - (Z:v)qqvv 87,050 0.02 (CR) 9.8x107°

Combined limit: 1.9x107°

« Limits are the minimal branching ratio of Higgs decaying to LLPs (the smaller the better).

« Cosmic Ray(CR) veto efficiency is calculated by the filter that the time difference of two clusters
on the outermost cell must be less than 2.4 meters. ( signal inefficiency~ 2.1%)

« Signal Yield: ng, = Lxo(ete™ » Zh)xo(Z — qq, V) XegigX€ecr
g g
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Theory model

e Differential cross section foree - ZH — [llH

do_____Nol0) 542 9,6, ¢),

dcosO,dcosO,d¢ - myg
N ( 2) — . 1 . \/A(I,S,T)
o\q 210(2m)3  \Tyz 52

+

0 € > 2
H _/ //Z/"\
”-‘/' ////
e~ by

T (%, 61,02,6) = Ji(1 + cos® 01 cos® fa+ cos® 01 + cos® )
+ Jo sin® 4 sin? 05 + J5 cos 0 cos Oy
+ (Jysin 6y sin s + J5 sin 264 sin 265) sin ¢
+ (Jg sin 6y sin 6y + J7 sin 261 sin 265) cos ¢

+ Jg sin® 0y sin® 0 sin 2¢ + Jg sin? 61 sin? 0, cos 2.
8 @ 9

Variables for studying distribution: 6,,0,, ¢
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https://arxiv.org/abs/1406.1361
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP03%25282016%2529050&v=637b7b6a

Efficiecy matrix determined by DL multi-classification

nq €11 €12 *** €19 Ny
N2 €21 €22 *** €929 Ny
ng €91 €92 * - €99 Ny

“on-shop” measurement: 9 quantities

more efficient, better precision
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