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Higgs CP property

O Higgs identity

e Scalar. my = 125GeV.
* More tests are needed to confirm it as the SM Higgs
* CPproperty = baryogenesis
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Higgs CP property

O Higgs identity

e Scalar. my = 125GeV.
* More tests are needed to confirm it as the SM Higgs
* CPproperty = baryogenesis

(J Higgs-top interaction
Lo - R+ iRys)t

AR

CP-even CP-odd

(k, k) = K¢ (cos o, sin «)

Vv
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* K;: Scales the overall rate
* a: CPphase. a # 0 = CPviolation 1
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Higgs CP property

0 Higgs identity ATLAS-CONF-‘2022-0‘16

_E " ATLAS I;reliminary ]
« Scalar. my = 125GeV. v o T .
* More tests are needed to confirm it as the SM Higgs -
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* K;: Scales the overall rate
* a: CPphase. a # 0 = CPviolation 1
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Higgs CP property

0 Higgs identity ATLAS-CONF-‘2022-0‘16

E | ATLAS P‘reliminary ]
e Scalar. my = 125GeV. \z_ 2}\/E=13Tev,139fb" {
* More tests are needed to confirm it as the SM Higgs i

* CP property = baryogenesis 1 25

20

(J Higgs-top interaction
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Lo - R+ iRys)t

AR

CP-even CP-odd

| Y Bestfit a=11",k/=0.83
- Y% SMCP-even: a=0",k/=1

B CP-odd: a=90", k; =1 i
(k, k) = K¢ (cos o, sin «) 23 = 0 1 2
v K} COS &

mg o, - ..
LD —kKy ' ht (cos o+ 1 sin « 75) t See also: CMS-HIG-21-006
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* K, Scales the overall rate Using CP-odd observables
* a: CPphase. a # 0 = CP violation can enhance the sensitivity! 1
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Linear polarization of a gluon

[ Linear polarization vs. helicity/circular polarization

helicity pol. 'rv’rv-é’rrr |+1) ‘ ‘eii¢|2:1
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Linear polarization of a gluon

[ Linear polarization vs. helicity/circular polarization
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Linear polarization of a gluon

[ Linear polarization vs. helicity/circular polarization

helicity pol. 'rv’rv-é’rrr 41) ‘ ‘eii¢|2:1
inear pol. e (1) = =[5 5], = [+

‘ e 4+ e |2 = 2(1 + cos 2¢)

O Gluon polarization density matrix
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Linear polarization of a gluon

[ Linear polarization vs. helicity/circular polarization

helicity pol. 'rv’rv-é’rrr |+£1) ‘ ‘eiiﬂ2 =1
linear pol. 'rrv‘v—vﬂrv’rrr lx) = —% []+> — |>], ly) = %

‘ e 4+ e |2 = 2(1 + cos 2¢)

O Gluon polarization density matrix

_|_ —_
_ 1 , 1148 G —-i& \+
pav = 5L +E ")M’_z(&ﬂ'& 1 —& )—

= — p__ net helicity
$3=P++ =P / Two independent linear pol. dof

§12 ~ p+- helicity interference
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Linearly polarized gluon jet

SM + CP-odd
gg — hg -I:\TF ) XS\)%
Yt A
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Linearly polarized gluon jet

gg I hg dO'w _ do dJ (€ (pT,yg) 7m?]7¢)
dy, dp dm% do  dyg dp% do

1. Production of polarized gluon (&4, &5, &3)

+ -

A N
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Z Mo d M g = oo (€) - M2

>\1)>\2

§12 ~ p+— = helicity interference
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Linearly polarized gluon jet

3 || Z1ab X 2

g2

d.J(@

gg I hg dO’w _ do dJ (E (pTayg) 7m?]a¢)
dy, dp dm% do  dy, dps do
1. Production of polarized gluon (¢4, &5, §3)
2. Fragmentation of polarized gluon jet
dJ 1

O(¢? X) =

d_¢ B 2 Ne,g(k - n)? ;/d%' et [pax (&) O(¢, X))

X €3y (pg) (0 [Wac(oo, z31) ne GZ¥ (z)| X)
X exp (Pg) (X |Wap(o0,0;n) n,Gp*(0)] 0)

L > pird (- ¢i)

2 iex PiT iex

-

Linear polarization can be measured!

dg

1
— 6x2? [1 + 3 (&1 cos 2¢ + &5 sin 2qb)] (quark tagged)
5



Linear gluon polarization: CP property

&1 = (m/2|plm/2) —(0[p|0) = pyy — paa
§2 = (3n/4|p|3m/4) — (m/A|p|w/4) = paz sz —pz =

ST ST
4 7 4
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Linear gluon polarization: CP property

§1 =

(m/2|plm/2) —(0|p|0) = pyy — pux
& = (3 /4|p|37/4) — (7 /4|p|w/4) = p

C : keeps momentum and spin
P : reflection about the scattering plane (x-2)

&1 — &1: CPeven

cos2¢

U

cos2¢
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§1— 182
&1+ 18

Ple) = |z)  Pln/4) = |37/4)

Pl3n/4) = |n/4)

L
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Linear gluon polarization: CP property

1( 1+& &1 —1& )

&1 = (m/2]plm/2) —(0[p|0) = pyy — paa PNZoa+it 1-¢&
§2 = (3m/4|p|3m/4) — (w/4|p|m/4) = paz sz —p=z =
* C:keeps momentum and spin ‘ Plz) =[z) Pln/4) = |37/4)
* P :reflection about the scattering plane (x-2) Ply)=|y) P|3n/4) = |r/4)
&1 — &1: CPeven &y » —&,: CP odd
cos2¢
cos2¢

—sin2¢

A NEW type of CP-odd observable!




r‘.\ MICHIGAN STATE UNIVERSITY

Polarization productionin gg — hg

— — +
Z M}\l)\Q)\M§\1>\2>\/ = IO>\)\/(€) |./\/l|2 )\/ /((f‘
A1,A2 ‘
= 2Re(ps_) ~ K% — K2 x cos 200 +—— CP-even .
& = 2Re(ps-) ) e

& =—-2Im(py_)oxk-Kosin2a <«— CP-odd

LD —Rt%hE(COSOﬁ—f—’I; sinays)t
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Polarization productionin gg — hg

— — +
Z M}\l)\Q)\M§\1>\2>\/ = IO}\)\/(E) |./\/t|2 )\/ /((f‘
A1,A2 ‘
&1 = 2Re(py-) ~ k? — K? o €08 20 4= CP-even - vy
£ =—-2Im(py_)oxk-Koxsin2a «—— CP-odd
w 4+ B1 cos2a sin 2« _
&1 = A &2 Pa ED—/@tﬁht(cosanLisina%)t

14+ Acos2a’ " 1+ Acos2a v
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Polarization productionin gg — hg

— — -
Z M}\l)\Q)\M§\1>\2>\/ = IO}\)\/(E) |./\/t|2 )\/ /((f‘
A1,A2 ‘
&1 = 2Re(py ) ~ K* — K? o< cos 2a «+—— CP-even .- "y
£ =—-2Im(py_)oxk-Koxsin2a «—— CP-odd
w + B cos 2a B2 sin 2« me o
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U Forasmall a

2
(&1, &2) = (ui jrr il : 1%2) + 0(a?) I:> &, is more sensitive to small «, including its sign
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Polarization productionin gg — hg

— — -
Z M}\l)\Q)\M§\1>\2>\/ = IO}\)\/(€) |./\/l|2 )\/ /((("
A1,A2 ‘
&1 = 2Re(py ) ~ K* — K? o< cos 2a «+—— CP-even .- "y
£ =—-2Im(py_)oxk-Koxsin2a «—— CP-odd
w + B cos 2a B2 sin 2« me o
1= 1+ Acos2a’ §2:1—i—A(:08204 ED_“tTtht(COSQWLZSln@%)t

U Forasmall a

2
(&1, &2) = (ui jrr il : 1%2) + 0(a?) I:> &, is more sensitive to small «, including its sign

O Foralarge a

* &1, oscillate with «

- Controlled by B, I:> f 12 quantifies the CP sensitivity
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Polarization at low-pt region

Large negative §
* Vanishing §;
* SM dominance

w + B1 cos2a £y = B9 sin 2
1+Acos2a’ 27 1+ Acos2a

&1 =

‘(b) & inSM: /=0 A

1-loop
-- EFT

100 200

pr [GeV]

pr < 100GeV 8
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Polarization at intermediate region (transition region)

w + B1 cos2a B9 sin 2 Small 4

= * Increasing &,
1 4+ Acos2a 14+ Acos2a « a-sensitive

&1 =

0.00
~0.05F41
{1 —o0.10f/
1 —0.15}
~0.20}
1 025}
- 30

ot 102 10° 10%
pr [GeV]

pr € (100,300)GeV :

005 [ [%& 7 fl (G,’ /. 0) (c) ]
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Polarization at high-p region

w + B cos 2a
14+ Acos2a’

B9 sin 2

1= :1+A0082a

3

Large B1 = B2 — B
Small w
Direct CP probe

0.05F
0.00

— & (@=0)

(©) '-

~0.05F

1 —0.15}
1 -0.20}
1 —0.2s}

{ —0.10/

p -0.30 )

102

pr [GeV]

pr = 300GeV

10*

Neglecting w, A

§1 cos2¢ + &3 5in2¢

<
Bcos2(p — )

A

Y

¢0—>a

A

i
A
>

Bcos2(¢ — ¢o)
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Constraining the CP phase

w + B cos 2« (o sin 2 1 / do ()
— ) — i\&)) = dy dp 5@ PT,Yg, x
L 1+ Acos2a = 1+ Acos2a i) o(a) s dpr & ) dyg dpr
0.08 ~ FCC-hhe100 TeV|
0.06 L = 20 ab™! | * h—yychannel
0.04 \  — @ —&] <+ g-bbcc
0.02 7 M i
0.00f ]
-0.02p < 8.6°
—0.04f LN — | | -
_0.06] Prel100,300]GeV . ]
_0.08] el <25, vl < 0.8 75

ot 12 —n/4 /4 22
o
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Conclusion

O A new observable for probing the CP phase of htt interaction
* Linearly polarized gluon jet
e &1:CPeven = co0s2¢
e §2:CPodd = sin2¢
* CP phase a causes an oscillation of {; and ¢,
* Arough estimate: FCC@100TeV gives |a| < 8.6°

d Outlook

* Experimental measurement at HL-LHC
* Complementary to the direct h-t-t measurement

g £1cos2¢ + €28in 20

Thank you!
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