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A new observable A,,; in SM and CP violation cases

o Summary
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CP violation in Cosmology

Matter-antimatter asymmetry.
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Sakharov’s conditions:

Baryon number violation. e, < ?€p
C and CP violation.
Interactions out of thermal equilibrium.



CP violation in SM
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CP violation from Higgs dynamics
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Effective Field Theory

o Full theory ( 2HDM SUSY Little Higgs ......
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ATLAS Exotics Searches* - 95% CL Exclusion
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ATLAS Preliminary

Status: August 2016 JLdt=(32-203) b Vi=8,13TeV
Model ty  Jetst ET™ [rdtm] Limit Reference
— T — T T — T T —
ADD Gy +&/q - 21j Yes 32 6.58 TeV 1604.07773
ADD non-resonant ({ 2ep - - 203 1407.2410
§ ADD QBH — (q 1eu 1j - 20.3 1311.2006
d ADD QBH - 2j - 15.7 8.7 TeV ATLAS-CONF-2016-069
@ ADD BH high 3. pr >leu >2j - 3.2 8.2TeV 1606.02265
g ADD BH multijet - >3] - 36 9.55 TeV. 1512,02586
3 RS1 Gy — (€ 2epu - - 20.3 k/Mp =01 1405.4123
RS1 Gk — vy 2y - - 32 k/Mpr = 0.1 1606.03833
'g Bulk RS Gxk = WW — qqlv Teu 1J Yes 13.2 1.24 TeV kiMp = 1.0 ATLAS-CONF-2016-062
W Bulk RS Gyk — HH — bbbb - 4b - 13.3 360-860 GeV. K/Mpr = 1.0 ATLAS-CONF-2016-049
Bulk RS gix — tt Teu 21b,21J/2) Yes 20.3 BR=0925 1505.07018
2UED/RPP lepu 22b24] Yes 32 1.46 TeV Tier (1,1), BRIAGY — tt) =1 ATLAS-CONF-2016-013
SSM Z' - £t 2eu - - 13.3 4.05 TeV ATLAS-CONF-2016-045
§ SSM Z' >t 27 - - 195 1502.07177
Leptophobic Z' — bb - 2b - 3.2 1.5 TeV 1603.08791
§ SSM W’ — v 1ep - Yes 133 | W’ mass 4.74TeV ATLAS-CONF-2016-061
© HVT W > WZ - gqwvmodelA Oe,u 14 Yes 132 | W’ mass 2.4 TeV ATLAS-CONF-2016-082
S HVT W' — WZ - qqggmodel B — 24 - 15.5 3.0 TeV ATLAS-CONF-2016-055
T HVT V' - WH/ZH model B multi-channel 3.2 2.31TeV 1607.05621
O RsM W) - th feu 2b04] Yes 203 1410.4103
LRSM W}, — tb Oep 21b1J - 203 1408.0886
Cl qqqq - 2j - 15.7 19.9TeV 7 =-1 ATLAS-CONF-2016-069
Clltqq 2ep - - 3.2 252TeV nu=-1 1607.03669
Cl uutt 2(SS)/23eu=>1b>1] Yes 20.3 |Crrl =1 1504.04605
Axial-vector mediator (Dirac DM) O e, >1j Yes 32 |ma 1.0 TeV 25, g,=1.0, m(y) < 250 GeV 1604.07773
E Axial-vector mediator (Dirac DM) 0 e, 1, 1y 1j Yes 32 |ma 710 GeV 25, g,=1.0, m(x) < 150 GeV 1604.01306
ZZyy EFT (Dirac DM) Oe,p 14,£1]  Yes 32 | M. 550 GeV' m(y) < 150 GeV ATLAS-CONF-2015-080
o | ScalarLQ1* gen 2e >2j - 32 |Lamass 1.1 TeV p=1 1605.06035
3 ScalarLQ 2™ gen 2pu >2]j - 32 1605.06035
Scalar LQ 3" gen Tenu >1b, >3]  Yes 20.3 B=0 1508.04735
VLQ TT - Ht + X les 22b23] Yes 203 Tin (T,B) doublet 1505.04306
VLQ YY - Wb+ X tepu =1b>3j Yes 20.3 Yin (B,Y) doublet 1505.04306
2L VQBB Hb+ X leu 22b23] Yes 203 isospin singlet 1505.04306
3 S viaBB - 2b+ X 2/>3eu  2221b - 203 Bin (B,Y) doublet 1409.5500
L& via QQ - WqWg leu z4j Yes 20.3 1509.04261
P VLQ T3 Tojs — Wi 2(SS)/28 e >1b,21] Yes 32 | s mass ATLAS-CONF-2016-032
Excited quark ¢* — qy 1y 1j - 32 | q*mass 447TeV only u* and d*, A = m(q") 1512.05910
5 @ Excitedquark ' — qg - 2j - 157 | a"mass 5.6TeV only u* and d*, A = m(q") ATLAS-CONF-2016-069
2 S Excited quark b* — bg - 1b,1] - 88 | b*mass 2.3TeV ATLAS-CONF-2016-060
S E  Excited quark b* —» Wt 1or2e,u 1b,2-0j Yes 203 fo=fi=fr=1 1510.02664
W@ Excited lepton ¢* 3eu - - 20.3 3.0TeV 1411.2921
Excited lepton »* Beu,T - - 20.3 1.6 TeV 1411.2921
LSTC a7 — Wy Teply - Yes 203 1407.8150
LRSM Majorana v 2e,pu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ee 2e(SS) - - 13.9 570 GeV DY production, BR(H;= — ee)=1 | ATLAS-CONF-2016-051
E Higgs triplet H** — (1 Beut - - 20.3 DY production, BR(H* — ¢r)=1 1411.2921
5 Monotop (non-res prod) Teu 1b Yes 20.3 Anon-—res = 0.2 1410.5404
Multi-charged particles - - - 203 DY production, [q| = 5 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
L L PR | " L PR

10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.
‘tSmall-radius (large-radius) jets are denoted by the letter j (J).
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Dimension-six operators
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Sensitivity to probe CP violation

SM | CP-odd coupling | sensitivity
Hff tree tree \/
HZZ, HWW | tree loop
H~~, Hgg loop loop }




Experimental Constraints: Hit
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Experimental Constraints: HZZ
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Experimental Constraints: HWW
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Some theoretical proposals
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Some theoretical proposals
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Methods and Feasibility

coupling decay channel sensitive feasibility feasibility
observable Q@CEPC
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H~~ H — ~vyy — 4/ A
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Precise measurement from H — ~~
* Include Signal strength, Mass, Width, Spin,

- -1
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do'™/dMyy [fb/GeV]

AM,, / MeV

Precise measurement from H — ~~
* Include Signal strength, Mass, Width, Spin
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INnterference
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Lineshape of Interference (SM)
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do/dM.,,, (fb/GeV)

After mass resolution (SM)
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Lineshape of C'P-violating H~~y coupling
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Significance
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Mass uncertainty
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Mass uncertainty of ~0.4 GeV doesn't affect much
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A general framework
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L Ineshapes
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summary

C'P violation have been studied variously in Higgs decays. For single chan-
nels with multiple final states such as HZZ — 41, H — tt — 202v2jet,

Ap(Agyy) is a sensitive observable. But it is not suitable for H — .

Interference between gg — H — ~v and gg — 7y is studied. Based on
the antisymmetric line shape of interference at leading order, We propose

an integral odd around My ([ Ma _ Jar,,) to get the contribution of in-
terference and divide it by the total cross section of Higgs signal, which
makes a new observable A;,,;.

A;nt could reach about 10% in SM, and the significance of deviation caused
by CP violation could be large as 5 ~ 100, which could constrain the C'P
violation phase &, ¢ [7/2,37/2] at 99.9% confidence level.

The A;,,; with both C P-violating H~~ and H gg couplings are also studied,
which could have larger deviation and significance.
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do/dM.,,, (fb/GeV)

How to separate lineshapes
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