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Abstract Inthe Circular Electron Positron Collider (CEPC),

a measurement of the Higgs CP mixing through ete~ —»
ZH — M1 ete™ juTu ) H(— bbjec/gg) process is
presented, with 5.6 ab™! ¢ collision data at the center-
of-mass energy of 240 GeV. In this study. the CP-violating
parameter £z, is constrained between the region of —0.30
and 0.27 and ¢z 7 between —0.06 and 0.06 at 68% confidence
level. This study demonstrates the great potential of probing
Higgs C P properties ut the CEPC.

1 Introduction

The historic discovery of Higgs boson with & mass around
125 GeV in 2012 by the ATLAS and CMS collaborations
at the Large Hadron Collider (LHC) [1.2] completed the
Standard Model (SM). This particle provides a new portal
to search for new physics beyond the SM (BSM). The Higgs
boson is predicted to be a scalar particle (JF = 07 under
the SM of particle physics. As a result, any observation of
charge-parity violation {CPV) in Higgs would be a sign of
physics BSM and could account for the explanation of the
ohserved baryon asymmetry of the universe.
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At present, the Higgs boson CP-mixing measurements are
performed at hadron colliders. The hypothesis of spin-1 or
spin-2 Higgs has been excluded by ATLAS and CMS a1 99%
confidence level (CL) with /5 = 7 and 8 TeV, 25 fo~!
data [3]. Swudies of the CF properties of the Higgs boson
interactions with gange bosons have been performed by the
ATLAS [4-6] and CMS [7-9] cxperiments, and the results
show no deviations from the SM predictions. ATLAS and
CMS also finished analyses of Htf coupling, which provides
an alternative and independent avenue for CF testing in the
Higgs sector because it is particularly sensitive to devistions
from the SM coupling [ 10, 11]; Their results show exclusion
of the pure CP-odd structure of the top quark Yukawa (11 H)
coupling a1 3.9 (3.2¢') and the fractional conteibution of the
CP-odd component is measured tobe fH57 = 0.00 £0.33

However, small anomalous contributions were not excluded.
Atthe HL-LHC [12], the € P-odd V' V H couplings are intro-
duced and the expected resul inthe € P-odd parame-
ters 07y between —0.22 and 0.22 and the 27 between —0.33
and (.33 at the 68% confidence level.

In terms of probing the CP-odd Higgs couplings, a lep-
ton collider operating as a Higgs factory has great advan-
tages, as it is free of the QCD background and has tun-
able and precisely defined initial energies. Several future
lepton colliders, including the International Linear Collider
(ILCY[13],the ¢ 7 e~ Future Circular Collider (FCC-ec) [ 14],
the Compact Linear Callider (CLIC) [15], and the Circular
Elcctron-Positron Collider (CEPC) [ 16], have been proposed
with the capability of precise measurement of Higgs boson
parameters. There arc plenty of approaches to the Higgs CP
measurements at the future lepton colliders by using differ-
ent probes, like the VH process, the t1H process, the VBE
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Introduction

Properties of Higgs in Standard Model: my = 125.10GeV,JP¢ = 0t

Related experiments in LHC:

>The hypothesis of spin-1 or spin-2 Higgs has been excluded by the ATLAS and CMS at >99% CL in /s = 7&8 TeV, 25 fb~!
data. Eur. Phys. J. C75 (2015) 476

» The results of the study on the CP properties of the Higgs boson interactions with gauge bosons by the ATLAS
and CMS show no deviations from the SM predictions.

Higgs-gauge vector boson interaction lacks precise measurement in all inclusive Higgs production mode.

Our purpose in doing this analysis is to squeezing the allowed range of CP-violating parameters.

» We need new facilities to achieve more precise measurement.

Any observation of CP violation in Higgs would be New Physics!
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Introduction

Future ete™ collider experiment as Higgs factory :

- At a center of mass energy of \/s~240GeV which maximizes the Higgs boson production cross
section through eTe™ — ZH process.

> Cleaner environment and more events produced than (HL)-LHC.
> More precise Higgs-gauge boson coupling study.

Number of events
for Sab~!

'
x
—
=

CEPC,5.6 ab™ 1! @ FCC-ee, 5ab~1
240GeV @240GeV

Sx10°

@250GeV
CLIC, 380GeV for Higgs & top
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JHEP 11(2014) 028

Theory framework JHEP 03(2016) 050

Consider a 6-dimension EFT model: L.¢r = Lg\} + %2231 arOx (Lpsm)
HZyy =
Caz

Leff > Célz)HZuZ“ + Cézz)HZuvZW + cyzHZ, 2" + cpzHZ, 0 AFY +
+HZ, Ly*(cy + cavs) + Z, 87" (gy — ga¥s)? — Jem QoA LyHe

Where: c§ = m2(VZGr)"~ (1483, cD& = (VZGr) @77, c128 = (V265) "z,

1/2 1/2 _
Caz = (\/EGF) Hpaz, Ca7 = (\/EGF) Ayz-

o In this base, the experimental observables G, m,, a,,, could be presented:
Myo = 91.1876

m, = mzo(1+ 67), Gp = Gpg (1 + 5GF)» Aem = Aemo(1 + 8,4)
. A~ 1 . A~ ~(3 A~

where: 52 =Uzz + Zach, 5GF = —Uy + Za((bl), 5A — ZaAA. GFO

Qemo = 1/127.940

= 1.166367e-5
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Theory framework JHEP 03(2016) 050 JHEP 11(2014) 028

The H — ZIl matrix element:;

" 1 _ . q"p e"7Ppyqq
Mhzer = m —1(ps, s3) [Y*(Hoy + Hyays) + — (Hay + Ha,a¥s) +—2Vp(H3,V + H3 475) | v(Pa, S4)
H mH mH
> Where €0123 = +1 and q = p3 + Da-
And the parameters in the function are following:
2my (V26,)"” o (7 — R 0 my(V26 r—s)a
Hyy =[— mH(r_SF) Tgvd+&fff—£azz—2_’crmT(:”@Az) & = ) - n(V2 12:)/_ ( )gjz
ﬁm (V26 )UZT K
= o (1 as" —7an). ast = o 4 my(V26)" ' (r =) & B
! Gu 2Vr 94
H, o, = ZmH(\/EGF) ~ Qegem (r—s) A
2V — _TQV [ZCZZZ +TQ{AZ:|
~ 4mH(\/§GF)1/2g .
2,4~ r—s A%zz
i _zmH(ﬁGF)l/z [ZA Q=9 ] Q : SM term o
Y r—s It sgr M Others : EFT contribution
1/2
4my (V26Gr) R
34 = r—s galzz
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TheOry framework JHEP 03(2016) 050  JHEP 11(2014) 028

Differential cross section for e*e™ - ZH — lIH :
do . Na(q )
dcos@,dcosO,d¢p J(q 01,05, ¢)

Na(qz)zzml = A5

(2m)3 ryz 52

o . = -2

T(q?,01.02,0) = Ji(1 4 cos® 0y cos® O+ cos® B + cos® )
+ Jo sin? By sin? 65 + J5 cos By cos B
+ (Jysin 6y sin 0o + J5 sin 204 sin 205) sin ¢
+ (Jgsin 0y sin o + J7 sin 201 sin 205) cos ¢
+ Jgsin? @ sin® By sin 2¢ + Jg sin? 61 sin® Ay cos 2.

Variables for studying distribution: 6,6,, ¢
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Theory framework

JHEP 03(2016) 050 JHEP 11(2014) 028

Differential cross section for ete™ - ZH — llH :

do _ Ng(q?) 2
dcos@,dcosO,d¢p m¥ J(q ’ 01' 02' ¢)1
1 1 JA(1,s,1)
Na(qz) = 210(27)3 N T2

y
t

| LT
| ¢ = - —
° 05 /p*' l//77 79[27 - 7/;:/
05 [/i{
I
E / |

T(q?,01.02,0) = Ji(1 4 cos® 0y cos® O+ cos® B + cos® )
+ Jo sin? By sin? 65 + J5 cos By cos B
+ (Jysin 6y sin 0o + J5 sin 204 sin 205) sin ¢
+ (Jgsin 0y sin o + J7 sin 201 sin 205) cos ¢

+ Jgsin? @ sin® By sin 2¢ + Jg sin? 61 sin® Ay cos 2.

Variables for studying distribution: 6,6,, ¢

2024/6/18

Assumption for simplification:

° @,7 and @ ,; contribute to cp-odd. (useful parameters)
° Othersaresetto0,so Hyy,4 = 0.

Ji=2rs (g4 +9v) (IHiv? + [HialP),

T2 =k (g4 + V) [ ((Hiv >+ |Hial?) + XRE(HTy Hr—Hialls 1)] .
J3 =32rsgagv Re (Hyv Hy 4)

Ji=4kVrsAgagy Re (HyvHj 4 + HI,AH:’;,v)l

1
Js = 3° VrsA (gi + g?/) Re (H],VI{;;,V + Hj 5 H;}"A) !

Jr = %\/r_e (95 +9%) [26 (IHiv|? + |Hyal*) + > Re{HrvHoyt Hy 4 H; 4)]

1T,V Iy

|Jg =275V (g5 +g%) Re (Hy v Hjy + H;,AHE,A)L
Jg=2rs (¢4 + g%/) (|Hl,v|2 + |H1,A|2) ;

———  Oinassumption
EFT CP-odd term

Others CP-even contribution

6 of these 9 functions are independent

E Jo = 4/Ts5g49v [4h: Re (Hl,va,A) + W] ;

Qiyu Sha shagiyu@ihep.ac.cn
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Optimal variable approach

Differential cross section could be represented as:

d A ~
dCOSQld:OSQZd¢ = N X (]even (91; 92; ¢) + aAZ X]Oddl (01, 92, ¢) + aZZ X]Oddz (91, 92, ¢))

where &,; and @&,; are CP-violating parameters.

2024/6/18 Qiyu Sha shaqgiyu@ihep.ac.cn



Optimal variable approach

Differential cross section could be represented as:

d ~ A
§ N X (]even (er 02' ¢) Ty X ]0dd1 (81; 921 ¢) T azz ><]OddZ (91' 92) ¢))

dcosBidcosO,d¢ -

where &, and @&,; are CP-violating parameters.

6‘ . ——— | L | T 17T ‘ T 17T T T T T T T T 17T | T 17T | T 17T ‘ 1 1 6‘ _I L | T 17T ‘ T 1T | T 1T T T 7T T T T T 17T ‘ T T T ‘ T T T ‘ T T I_ 6‘ | T T T 7T ‘ LI ‘ T 1 T 7T T T T T L | L |:

o E i i = o F i i - 9 i i 3

5 00065~ CEPC Simulation —sm S 3 00655 CEPC Simulation —_sM 7 5 0.0075 CEPC Simulation —sm =

Z o0s J.Ldtzs.ﬁah‘l,zaw(:ev T Og=5x10" 3 2 poosl— J.Ldtzs.ﬁah‘l,M)GeV T g =5x10 - 4 2 4007 JLdt:S.ﬁah“,M)(:ev T Og=5x10" 4

s v - Oy =T 107 S - — . =-Tx10" 4 5 0 =-Tx107 o

> C — 7 > [ —_ _ > —_ =

] = )" = - w C ETh = 7 ] ETh = i

0.0055F ZH — p*pH(—bb/ct/gg) E 0.00550 ZH — p*puH(—bb/ct/gg) = 0.0065 ZH — p*uH(—bb/ct/gg) E

E ] E B 0.006 —]

0.005— —] 0.005— — il

& 005E 1 o ] 0.0055 =
AZ 0.0045[ 7 0.0045¢ . 0.005 3
0.004— - 0.004] = 0.0045 =

- ] - 7 0.004 3

0.0035— — 0.0035— - E

E = E = 0.0035 —

00030 Lo bl il b b e b L] 00030 Lol bl Lo Lo bl Lo IR R NSNS SN UTRN S RN RI RN

1 08 -06 -04 02 1 1 08 -06 -04 -02 1 -3 -2 -1 3

@

6‘ : LI | LI | T T ‘ T T L L L | T T | T T ‘ T \: 6‘ : LI | T T ‘ T T | T T TT1T LI T T T ‘ T T ‘ T T ‘ T I: 6‘ | T T T ‘ T T T ‘ T T T T T T T T T | T T T T |:
5 0.0085[ CEPC Simulation —_sM = 5 0:0085C" cEPC Simulation —_sMm = T 0.0075 CEPC Simulation —_sM 3
2 E J n — &, =1x10" ] & r n — &, =1x10" 2 4 — &, =1x10" 3
Z E | Ldt=5.6ab",240 Gev Yz L Z go0s= | Ldt=5.6ab",240 Gev e - Z g007E- | Ldt=56ab",240 Gev e P
s 5 0.008- — i, =1x 10" 5 E — G, =-1x10" 5 00 i, =1x 10"
w r 1] b/cT . w c *11°] bh/cT a4 w 117 b/co —
a ZZ 0.0085F- ZH — p*wH(—bb/ct/gg) E 0.0055[ - ZH — p*pH(—bb/ct/gg) = 0.0065F ZH — p*wH(—bb/ce/gg) ]
o ] F 3 0.006 —:
005E- - 0.005— - A &
0.005F = E ] 0.005517 b
0.0045[ 0.0045f¢ g 0.005 =
0.004- = 0.004[ 4 0.0045 : E
E 3 E 3 0.004 =
0.0035[ . 0.0035 3 3
F = E 5 0.0035 =
e v o by by b by P TR AR T e by by by b b by by by g Iy | L 1=
0003558 ~06 04 02 04 06 08 1 000398 06 04 02 0 02 04 06 08 1 3 =2 m 0 1 2 3
cosf, cos8, @

cos8,

cosh,




Optimal variable approach

do
=N x ( 01,0, ) + 0,5 X 01,04, ) + 0,5 X 61,0, ¢))
dcost:dcost,do Jeven (01,02, @) + @47 X Joqa, (01,62, 9) + ;7 X Joqa, (01,602, )
8 0000 Cgpc gmuaton | _gw
?E' 0'045 J Ldt = 5.6ab™, 240 GeV - gAz : _5;;11[21
In this formation, we could define Optimal Variable w which combines | @ *®F zuo oo "
o . 0.03—
the information from {64, 65, @ }: o5k
0.025—
0.015
]Oddl (01192:¢) A 001i
= to measure @, ot
Jeven (01,62,¢) 0.0051-
9&6 -0.4 I—(1.2 0 0.2 0.4 0.6
= J0ady01828) o casure dyp 1
Jeven (61.62,9) “z s T ‘ R e
T 0-025j C PC Slmulatlon —sM =
?E’ - JLdt 5.6ab™, 240 GeV :%:j1xx11nnl‘ .
B f't L%: 0.02; ZH — U H(—bb/ct/gg) 7:
enefits: - .
0.015— ]
° Only use the one-dimensional distribution of the single variable w to : .
substitute the 3-dimension distribution without any loss of information. 3 E
0.005— -
PLB 306 (1993) 411-417 B ]
L - S R - 5
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Monte Carlo samples

Samples:

»The SM Higgs and background samples: generate with Whizard 1.95 and full simulated based on the

CEPC baseline detector design. (Used to calculate the selection efficiencies and study background.)

> CP-mixing Higgs samples: generate according to differential cross section forete™ - ZH - lIH:

do _ Ny(q?) )
dcos@,dcosf,dp  m% J(q°, 61,62, ¢)
° /s = 240GeV

o The mass of Higgs boson is set to be 125GeV and the couplings are set to the SM predictions.

o All the generations are normalized to the expected yields in data with an integrated luminosity of 5.6ab 1.

2024/6/18 Qiyu Sha shaqgiyu@ihep.ac.cn



Event selection

(Using the SM Higgs and background samples) | B
»>Signal:ete” - ZH - u+u‘H(—> bB/cc‘/gg) channel, | »Signalie¥e”™ > ZH - e+e—H(—> bb/cE/gg) channel
»Background: Irreducible background which contains the | > Background: Irreducible background which contains the

same final states as that in signal. . same final states as that in signal.
Choose selections by the best significance: - Choose selections by the best significance:
variable Selection value variable Selection value
|cos6,,+,-| (—1,0.81) | |cos6,+,-| (—1,0.81)
Lepton pair selection My (77.5GeV,104.5GeV) || Mee (85GeV,95GeV)
Myecon i | (124GeV,140Gev) ||  Lepton pair selection Mrecoit_ce (124GeV, 140GeV)
|cos0;e:] (—1,0.96) |cos@+| (—1,0.95)
Jets pair selection i
M; (100GeV, 150GeV) |cos@e-| (—1,0.95)
Where Moot uu = (V5 = Eyp)” — P2y = 5 — 2E /5 + m2, Jets pair selection |cosbec| (—1,0.96)
| M;; (110GeV, 145GeV)

2024/6/18 Qiyu Sha shaqgiyu@ihep.ac.cn



Cut-flow checks

ZH — p*tu~ +bb/cc/gg channel

Signal Irreducible Background
Original 2.62 x 10* 1.25 x 10°
Lepton pair selection 1.59 x 10* (efficiency:60.67%) 9.91 x 103 (efficiency:0.79%)
All selection 1.48 x 10* (efficiency:56.42%) 5.60 x 103 (efficiency:0.45%)

ZH — e*e™ +bb/cc/gg channel

Signal Irreducible Background
Original 2.72 x 10* 1.77 x 10°
Lepton pair selection 8.76 x 103 (efficiency:32.2%) 8.77 x 10* (efficiency:0.50%)
All selection 7.15 x 103 (efficiency:26.3%) 4,59 x 103 (efficiency:0.25%)

2024/6/18 Qiyu Sha shaqgiyu@ihep.ac.cn



Event selection

Correlation:

° We can see that 8, 6;, ¢ have little correlation with cos6+,-,Mass;;, Myecoir 11, €058jer, Mass;;.

RCosThetal2 - 1.0000 -0.0161 -0.1465 0.0042 0.0007 -0.9 RCosThetal2 - 1.0000 WeE-Ei-RS -0.1399 -0.2789 -0.0020

-0.8

RCosTheta34 -SURNEYS S 0.0195 RCosTheta34 SUEEENE 1.0000 S 0.0023

RMass12 R YFES RMass12 JEURYIAE

RUUEEXER -0.0161 -0.4469 - -0.7336  0.0044 -0.0037 - YEETEY® -0.1399 -0.8656 -0.4334

EGELE -0.1465 0.0195 2 -0.0092 0.0019 Sl E -0.2789 0.1729 -0.4334 — -0.0011

thetal [GECNE -0.0005 0.0023

[GEEPE 0.0020 j[LECrE -0.0020 0.0012

LI 0.0007 -0.0009 0.0017 - 0.0017 0.0006 -0.0036 LI -0.0063 0.0001 0.0010 0.0009 -0.0011 0.0000 0.0001

RCosThetal2
RCosTheta34
RMass12
RMass34
Rreco34
thetal
theta2
phi -
RCosThetal2
RCosTheta34
RMass12
RMass34
Rreco34
thetal
theta2
phi -

2024/6/18
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° So we can ignore the
impact of event selections

to 84, 0,5, and ¢.




Fitting strategy and result

Fit strategy: Maximum-likelihood fit

f () = Nig * £ (@) + Npig * [ 5 ()

where @ means @, and @, 7, w represents w, and w,.

> Fit w to get fj,(w) and f,} ()
° Fit Myecoil ., to get Nig and Ny
> Evaluate likelihood function for each @ value hypothesis and construct a ANLL as a function of a.

"_,;;‘ 0 045 F T T T | T T T ‘ T T T T T T T T T | T T T IRl "_,;;‘ L T T T T | T T T 7 | T T T _]
El £ CEPC Simulation —sM 3 3 0-025j C PC Slmulatlon —sM -
8 E 5= L — k3 - e 4
£ 004 JLdt =5.6ab”, 240 GeV ;Ai B 5;;::;1 e £ - JLdt 5.6ab”, 240 GeV z” 11xx11°u', .
2 0035 _ az” 3 g 002 bz = -
w E  ZH — p*pH(—bb/cT/gg) 3 w [ ZH - p*wH(—bb/ct/gg) ]
0.03— — C ]
0.025— = 0015~ 3
0.02 = C ]

F 7 0.01— —

0.015— — B ]
3 E ooos| -
0.005]~ = r ]

ol A oL | l \ l I I I ]

-0.6 -0.4 -0.2 0 0.2 0.4 0.6 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2

o, 0,
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Fitting strategy and result

Fit w:
o Use histogram pdf to fit MC signal and background sample.

o The red curve is global fit, the green curve is signal events, the blue curve is background events.

Fit Mrecoil_uu:

° The signal modeled by the Crystal Ball function.

° The background modeled by a second-order polynomial.

o Using ISR sample can simulate the small exponential tail (which corresponding to the expected distribution.)

‘03 22()0__I T T T T T T T T | T T T | T I__ -.2 _\ L T 1T L T 1T T 1T ‘ T 1T | L ‘ LI I_ % 8000f T | T T T T T T T T T T | T T T ‘ T T T | T T I—_
§ E CEPC Simulation - o - CEPC Simulation ] (0] C CEPC Simulation ]
w2000, CEPC Simulati = G 1600E- —=— CEPC Simulation 1 E g 7000 1 =
- imuiation _[ Ldt = 5.6 ab”, 240 GeV ] C I Ldt = 5.6ab", 240 GeV ]| = = j Ldt = 5.6 ab", 240 GeV
1800 = S+BFit = 1400— S+BFit — *%' 6000 = 3
1600 Signal o ZH — pwH(—bb/ct/gg) £ — Signal ZH — p*uH(—bb/ct/gg) ki . ZH — p*uH(—bb/ct/gg)
Eoe Background Y 4 1200— Background ] - m
14001~ - B ] 5000 | & =
12001 = 1000 - 4000l E
1000 - = 800 r 7 : —&— CEPC Simulation T
C . C ] L S+B Fit -
800 ? i 600 } E 3000 E_ ------- Signal _E
600 ;_ _; 400 :_ _: 2000 :_ ------- Background _:
400 AT A R = - . = =
soob- &£ e e = 200/~ 3 10001 3
E --------- "““\ ....................... L2 —E = L ! . = u‘1"“.""I‘"';’-'-'.i."‘:':"‘iﬁ""\"“\""““I""'r T R R TR ':.:ﬂihmnﬂ-.

—% 6 -0.4 -0.2 0 0.2 04 0.6 -2 -15 -1 -05 0 05 1 15 2 924 126 128 130 132 134 136 13 140
(1)1 wz MTEGD“JJ}J [GeV]
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Individual Fit

Extract maximum-likelihood fit p-value and interval
o In utu~H channel.
o Fit ANLL curve with a quadratic function ANLL(&) = a - (& — d,)?
° 68%(95%) CL interval corresponds to ANLL=0.5(1.96).

o Set: fitto @yz,0,5 = 0. o Set: fitto @,z ,0,5 = 0.
ANLL(@,;|0,) = 2.93 X 1074(0,, + 8.68 x 10~1)2 ANLL(G,5|w,) = 4.51 x 1073(@,5 + 6.36 x 1071)2
For @, For @,;:
68% CL: [—4.16 X 1072,3.88 x 1072 ! 68% CL: [—1.06 x 1072,1.00 x 1073]
95% CL: [—8.10 x 1072,7.82 x 1072] i 95% CL: [—2.06 X 1072,2.01 X 1072]
% E | cIEplc SlimLIJIat;anl ] % 5_‘ | | OI;‘.';'Plc‘S;rr;ullatiLJn IIIIIIII N
3_ JLdt:s.sah",Mmev ] A JLdt:s.sah",Mmev E
2-5;_ ZH — p*wH(—>bb/ct/gg) _; 4 :_ ZH — p*wH(—>bb/ct/gg) _:
N
15 - - .
C . 2= A A —
2 : 5 :
o5 E N S E
HEU' — ' w?m 055 35
a,, (x10%) G, (x10°)

2024/6/18 Qiyu Sha shaqgiyu@ihep.ac.cn



Fit to phi

¢ has the most information among the three kinematic variables (84, 85, @)

straight-forward to fit ¢.

In u*u~H channel.

&, 7(x1072) &, 5(x1072)
w-fitting
68% CL(10) [—4.16, 3.88] [—1.06, 1.00]
95% CL(20) [—8.10, 7.82] [—2.06, 2.01]
it The el f ¢fing s lgh worsethan
68% CL(10) [—4.42,4.21] [—1.35,1.24] ° 8, and 6, have less information.
95% CL(20) [—8.66, 8.45] [—2.62,2.51]
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Combined results

prpm(x 1072) [—4.16, 3.88] [—1.06,1.00]

[—8.10,7.82] [—2.06,2.01]
ete (x 1072) [—5.97,5.43] [—1.48,1.48] [—11.6,11.0] [—2.93,2.93]
combine(x 1072) [—3.47,3.10] [—0.850,0.827] [—6.69,6.32] [-1.67,1.65]
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Combined results

5.6ab! 20 ab~!
CZy CzZ CZy CZZ
ju ¥~ H channel
68% CL(10) [—0.36, 0.33] [—0.08, 0.07] [—0.19,0.17] [—0.04, 0.04]
95% CL(20) [—0.70, 0.67] [—0.15, 0.15] [—0.37, 0.35] [—0.08, 0.08]
eTe”™ H channel
68% CL(10) [—0.51, 0.47] [—0.11,0.11] [—0.28, 0.24] [—0.06, 0.06]
95% CL(20) [—1.00, 0.95] [—0.21,0.21] [—0.53, 0.49] [—0.11,0.11]
Combined results
68% CL(10) [—0.30, 0.27] [—0.06, 0.06] [—0.16, 0.14] [—0.03, 0.03]
95% CL(20) [—0.58, 0.55] [—0.12, 0.12] [—0.31, 0.28] [—0.06, 0.06]

Consider CEPC Higgs operation can be upgraded to 20ab .
Normalize samples to the expected yields in data with an integrated luminosity of 20ab™?.
This result is about two times better than that of 5.6ab™?!
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Result compare --> Compared with HL-LHC

In order to compare our study with HL-LHC, some conversion is necessary. (show in backup.)

In HL-LHC: (1sigma)

2024/6/18

arxiv:1902.00134

_ Parameter . .

Analysis — - Gy Case

HL-LHC (4¢, incl.) CMD.H] [-0.3@> P
[-0.25,0.25] [-0.27.0.27] | 1P, ...

HL-LHC (4¢, diff.) [-0.10,0.10]  [-0.31,031] | 1P
[-0.13,0.13]  [-0.22,0.22] | 1P 0pg.

HE-LHC (4¢, incl.) [-0.18.0.18]  [-0.17.0.17] | 1P
[-0.23,0.23] [-0.20,0.20] | 1P, ...

HE-LHC (¢, diff.) [-0.05,0.05] [-0.13.0013]) | 1P
[-0.06,0.06] [-0.10,0.10] | IP

TIMET i
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Result compare --> Compared with HL-LHC

In order to compare our study with HL-LHC, some conversion is necessary. (show in backup.)

_ Parameter . - .
In HL-LHC: (1sigma) Analysis o Cru | Cuse arXiv:1902.00134
HL-LHC (14, incl.)  40-0.22,0.22] [-0.33,0.33]-D IP
[0.250.25] [-0.27.0.27] | 1P,
HL-LHC (17, diff.) [-0.10,0.10] [-031,031] | IP
[-0.13,0.13]  [-0.22,0.22] | 1P, 00y
HE-LHC (14, incl.) [-0.18,0.18] [-0.17,0.17] | 1P
[-0.23,0.23] [-0.20,0.20] | IP,, ...
HE_LHC (17, dilf.) [[0.05.0.05] [0.13.0.13] | IP
[-0.06,0.06] [-0.10,0.10] | 1P,
Collider o o o o The results in 5.6ab~! are significantly
better than HL-LHC on the ¢, and
FE (CEV) 14000 3000 240) 240 Comparab|e on the 6Z]/'
L (b~ 3000 5000 5600 20000
iz, (10) [-0.22,0.22]  [-0.18,0.18] /[ﬁﬂ,ﬂ.?ﬂ [—0.16,0.14] > For 5.6ab™1: fl7%2 <916 x 107°
irz (10) 033,033 [-012,012]  N0.06,006./ [~0.03,0.03
HL-LHC CLIC CEPC
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http://arxiv.org/abs/1909.08032

Summary

An EFT based Higgs CP-mixing test is performed.
»Set up some basic assumptions to have a simplest CP-mixing model.

»Introduced optimal variable with better performance.

»Used ML-fit in w and ¢ distribution to extract @7 and 0;7.

»Result: 68% CL ¢z, € [— 0.30,0.27] and ¢z € [ — 0.06,0.06]; fcp HzZ <916 x 107°.

> Consider CEPC Higgs operation can be upgraded to 20ab ™1, the results is about two times better.
In €7, the sensitivities is improved by about one order of magnitude compared with pp collider.

Collider pp ete” ete” ete

E (GeV) 14000 3000 240 240

£ (1 3000 5000 5600 20000
iz (10) -0.22,0.22]  [—0.18,0.18] /0 30,0. 2\ ~0.16,0.14]
ézz (10) -0.33,0.33]  [-0.12,0.12] N0 HGW ~0.03,0.03)
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Thank youl!
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Backup

2024/6/18 Qiyu Sha shaqgiyu@ihep.ac.cn



Result compare --> Compared with HL-LHC

In HL-LHC: arxiv:1902.00134

e’ eVgi + 95
2

— ~ AUV ~
LCPV = ; [CVVZAlWA” + CZ)/

93

2 2
+ ~ —~
gl gZ Z‘uvZ”v 4+ 6WW?VV‘L¢T/WMV]

Compare theory model in P5, we can get that the value in red frame are same:

(g1=0.358, g2=0.648, €=0.313, v = 1/_|[V2G = 2My,/g ~ 246.22GeV)

1/2 ~ ~ H| . gz+g2 ~
(V2G) " lazgHZun 2 = —82 =20 2

1/2 - e /924'92 ~ f
(\/iGF) / &AZHZ AMV=EC~Z)/%Z AKV e g%+g§_

w v
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