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1. Brief review of Higgs measurements
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e In 2012, ATLAS and CMS Collaborations discovered the
Higgs boson. Completion of the SM!
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widely studied.

~Total [ | Stat. only

ATLAS

Run 1 Vs=7-8TeV, 25" Run2: fs=13TeV, 36.1 fb’
|

Total  (Stat. only)

@

Run1H-4  +———— 124.5140.52 (+0.52) GeV
Run 1 H-yy H————— 12602051 (+0.43)GeV
Run 2 H—4l p——t 124.79£0.37 ( £0.36) GeV
Run2 H-yy '—-l—u 124.93+0.40 ( £0.21) GeV
RN12HoA ——i 12471£030(£030)GeV
Run 142 H-yy —t— 12532 +0.35 ( +0.19) GeV
| RuniCombned  b—e— 12538 041 (£037)GeV
Run 2 Combined —— 124.86+0.27 (£0.18) GeV
| Runt«2Combined  —— 124972024 (£016)GeV
| ATLAS+CMSRun1 lH """""""""" 125092026 (£021)GeV
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e Higgs mass, width, CP, spin and couplings have been
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e Higgs bosonic couplings seems consistent with the SM predictions.
* Higgs fermionic couplings are still unclear, e.g. CP nature.
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Measurements of

Higgs-top

coupling at the LHC

g g fusion :




/'_5'102:| L B B B BN RN = \

2 f =f

S-l? B pp—H (NNLO+NNLL e +NLOEW) i % H ad ron ic

T T iE 2

I 10- - H—=bb,H—1,1, =3 =

s - : , Es L
i op > qqH (NNLO QCD 7 NLO EW) ___: Le pton IC g [o]
= , WH (NNLO CD + NLO EW) - 5
;_____...-Ez )‘fH (NNLOQCD+NLDEW f H_>WW; H_)TETany So :a
K NNLO 2nd NLOCSS 2 % <
: 1 Bosonic:

10" o (.0 6O M, = 125 GeV_
- *
L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | 1 IMISI-er‘IJQIOIOBI |— HéW’ Hézz é4e

:
7 8 9 10 11 12 ‘13 14

@1250959" RS 6% B 0% 2%
8TeV 2139 1600 0701 04199y 0.13260 0.2015
13TeV 4852 3779 1369 088241 050650 0.4863 H decay

1% 1% 0| 3w
e
@ Y




4 N

e ey Stat. Syst. | Oby. ] Daa sots
ttH ATLAS 156 030 029 410 3611
Multilepton — cps 123 026 036 320 35.9fb"
ttH,H>bb  ATLAS 079 029 053 160 3611
(with lepton) - cys 0,72 024 038 160 35.9fb"
ttHHS>yy  ATLAS  1.39 040 020 410 79.8fb"
CMS 23 0.76 024 ~30? 35.9fb
ttH,H>ZZ  ATLAS - | 00 79.8fb
CMS - | : 35.9 fb-

Combined  ATLAS  1.32 018 020 630 7+8+13TeV

CMS  1.26 0.16 024 520 7+8+13TeV
from Huaqiao Zhang




2. Constraining CPV Higgs-Top Coupling from
Higgs data, EDM, Flavor Physics




/- New physics effects on Higgs-Top coupling can be A
parameterized by a gauge invariant dimension-six
O p er at or Aguailar-Saavedra, arXiv:0904.2387
Cfﬂi:; L B
Ly = — AHQ (670)(Qstrd) + h.c.
after EWSB,
L = —\‘/L%f(cos 6 + i sin 6°)th,
with
v? 33 : v’ 33
ypcost =y, + PRO Cups,  YesSInO = le Chup-
For convenient,
C,=y.cosdly,_  Cl=ysindly,
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Electron EDM and B physics

d 16 «

e 3 () V26, !C Gt filzyn) + GG falzyn)

The ACME limit reads
C5=1,07 =0

) 7 < 0.01

Top EDM measurement through
top pair production at e+e- collider
may provide a robust test!
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Higgs data fit

Kobakhidze, Liu, Wu, Yue, 1610.06676 (PRD)

Lilith-1.1.3, DB 15.09+LHC Run-2(~13 fb )
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Liu, Hu, Yang, Han arXiv:1408.4191(JHEP)

Higgs Pair‘

gg->hh; gg->hh
o o

sM

29
27

24

21

18

15

12

9.0

6.0

3.0

N 0.0




3. Probing CPV Higgs-Top Coupling at
LHC and CEPC
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e Two direct ways to probe top-Higgs couplings at the LHC.

g > t -
ttH and t-channelt H atthe LHC13
_________________ H NLO inclusive cross section L;H
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Li, Si, Wu, Yue, arXiv:1701.00224 (PLB)

e Top pair and Higgs associated production at the LHC.

‘ Dileptonic tth(->bb) ‘

¢
"’\'\?
b
H
b —
(

Advantages:

1. Dominant Higgs decay mode
2. Two leptons in the final states

Disadvantages:

1. Large backgrounds from tt+jets,

especially tt+bb
2. Large uncertainty of modeling

4 ,
b &
900000000000 ———— § s 5(tt) =830 pb
o(ttH) x BR(bb) = 0.3 pb o(tt + b-jets) ~ 0(10) pb

9 7JuTOT000000)
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from Huagqiao Zhang

™
| B ueasssw | Stat. | Syst. | Obv. | Datasets
ttH ATLAS  1.56 030 029 410 36.1fb
Multilepton - cys 123 026 036 320 35.9fb
QEebb ATLAS  0.79 029 053 160 36170
th lepton)  cpys .72 0.24 038 160 Aaj;:>
ttHH>yy  ATLAS  1.39 040 020 410 79.8fb"
CMS 23 0.76 024 ~30? 35.9fb"
ttHH>ZZ  ATLAS i 0c  79.8fb"
CMS i : 35.9 fb-!
Combined  ATLAS 1.3 0.18 020 630 7+8+13TeV
CMS  1.26 0.16 024 520 7+8+13TeV
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mass drop

reconstructing the fat jets using C/A algorithm
with radius R = 1.5 and pr?w > 150 GeV;

breaking each fat jet by undoing the clustering pro-
cedure, 71 and js. Higgs jet candidate is taken as
the leading fat jet that has large mass drop m;, <
pimy (< 0.67) and not too asymmetric mass split-
ting y = min(p s p%jg)/?nz*AR?l]jg (Yeur > 0.09)
at certain step during the dye—clustering;

filtering the Higgs neighbourhood by re-running
the C/A algorithm with a finer angle Rpye =
min(0.3, R;, j,/2) and taking the three hardest sub-
jects;

applying b-tag on the two leading subjects. The
Higgs jet candidate is required to have both sub-
jects being b-tagged.

The constituents of the Higgs jet candidate are re-
moved from those particle-flow objects. The rem-
nants are clustered with the anti-kr jet clustering
algorithm with the cone radius of R = 0.4
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cut tth(¢=0)|  tth(¢=n/4)|  tth(¢=7/2) ttbb ttZ(— bb)
2, p > 25 CeV, || < 2.5 13.31 9.14 5.31 2424.73 1.56
pr- = (bb) > 150 GeV 2.02 1.47 0.97 19.24 0.25
2 non-Higgs b’s 0.28 0.21 0.15 1.41 0.04
pr(non-h) > 30 GeV, |ny(non-h)| < 2.5 0.22 0.17 0.13 1.13 0.03
m 0.053 0.048 0.042 0.09 0.0013

TABLE I1. Cut flow of the cross sections of the signal tth for & = 0,7/4,7/2 and backgrounds ttbb and ttZ at 14 TeV LHC.
The cross section is in unit fb.

e Cut pgDRS(bB) > 150 GeV, the ttbb background is
reduced by almost @(1072), while the signals only
by O(10—1).

e Cut |ﬂleEDRS — 125] < 10 GeV will further suppress

ttbb and ttZ backgrounds by one order.

=0, w/4, 7/2
S/VB = 5o = £_795 093, 1276 fb!
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e Spin-analyzers of CP phase are usually frame dependent.
 Boost technique or experimental selections often affect the

sensitivity of spin-discriminators.
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¢ Ace(TC)(%)
P > 40 GeV | pk > 150 GeV
0 -52.00 -48.92
/4 -41.13 -35.58
/2 -16.53 -16.73

TABLE 1. Parton-level values of Acp((T(7) with p% >
40,150 GeV for £ = 0,7/4,7/2 at 14 TeV LHC.

Nevents + 45—
¢ Ace(77) (%)
An>15 Ap <15
0 2653 6230 -40.26
m/4| 4239 7312 -26.60
T/2| 7774 9400 -9.47

TABLE III. Reconstructed level values of Acg(¢{7(7) at 14
TeV LHC.
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e Single top and Higgs associated production

| leptonic tjh(->bb) |

Kobakhidze, Wu, Yue, 1406.1961 (JHEP)
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b t b t
v )
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Cuts thj _
ttmatchcd
E=0 E=7/4 E=7/2
AR;; >04, i,j=bjorl
b = =4
(c1y Pr=2GeV. dml <25 14169 06700 2.1860 712.4
P > 25 GeV, |ne| < 2.5
P > 25 GeV, In;| < 4.7
(C2) My, < 200 GeV 0.3152  0.6582 2.1446 708.7
(C3) Ini| > 2.5 0.1492 0.3314 1.1002 80.33
(C4) |M, 5, —mu| < 15 GeV 0.0443 0.1102 0.3762 15.82
S/v/B with 3000 fb~! 0.610 1.517  5.180
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Table. 1.
List of the main observables and expected accuracy at FCC-ee and
CEPC with 2 Milhion/1 Million Higgs boson respectively

FCC-ee 240GeV  CEPC 250GeV

Higgs mass - 5.4 MeV

I ao(ZH) 0.4% 0.7% |
o(ZH)xBr(H — bb) 0.2% 0.4%
o(ZH)xXBr(H — cc) 1.2% 2.1%
o(ZH)xBr(H — gg) 1.4% 1.8%
o(ZH)XBr(H - WW) 0.9% 1.3%
o(ZH)XBr(H — ZZ) 3.1% 5.1%
o(ZH)xBr(H — t1) 0.7% 1.2%
o(ZH)xBr(H — yy) 3.0% 8.0%
o(ZH)XBr(H — up) 13% 18%

o(vvH)xBr(H — bb) 2.2% 3.8%




One-loop correction to e'e —zh production

1.0 ' A ; 1 CPV
0.8 - h2;DGeV 1.na4i 1.0015 11'31:- Eu.ssas 50.996 _ Hi = L
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- o.o-: 4,5“ P
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Kobakhidze, Liu, Wu, Yue, 1610.06676 (PRD)

Forward-backward asymmetry
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Higgs rare production process ee —hy
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e Same order as SM, sensitive
to pseudo-scalar part;

e SM: 0.103 fb, ~500 events for
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Conclusions

e Top-Higgs coupling has been observed at the LHC.

e CP nature of Top-Higgs coupling may be determined
at the LHC.

e CEPC can indirectly tell the CP nature of Top-Higgs
coupling from precision measurements.
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Thank you!




Indirect tests at the CEPC

Ko Ky | K | K Ky | K K| Ky | K
300/ | ATLAS | [99] | 991 | [8:8] |[1,14]{ (22,23 |[2022] | [13,14] | [24.24] | 21,24]
300/t | CMS | [57) | [46] | [46] | [68] |[10,13] |[1435]| [6,8] |[4141]|[23,23]
3000fb" | ATLAS | [45] | [45] | 441 | 59] |[20221 (1 [8.11] | [9,20] | [14,14]| [78
3000/ | CMS | 251 | 1251 | 241 | 1351 | 47 {7000 | 25 |[10,12]| [88




=

D

e T

1
P T

[=aele ]

L1ATS

SASO

2SS

LN

O S

SO SO

D25

e lsls]

LAOS

Kel=Te]

DTS

Ral=le)

LA S

S

SOLS

Nelele]




	幻灯片编号 1
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24
	幻灯片编号 25
	幻灯片编号 26
	幻灯片编号 27
	幻灯片编号 28
	Conclusions
	幻灯片编号 30
	幻灯片编号 31
	幻灯片编号 32

