M)CLab université

Iréne Joliot-Curie PARIS-SACLAY

Laboratoire de Physique
des 2 Infinis

@mzm
Les deux infinis

CP Violation in 7 decay

E. Kou (IJCLab)
&
A. Korchin (KIPT and Kharkov Natl. U. and Jagiellonian U.)

12-15 October 2026 @ [JCLab
France-Ukraine workshop
1



Outline

* Introduction : 7 physics at Belle |l
* Puzzle in CP violation in 7 decay

* Future Prospect of CP violation measurement

e Conclusions



Introduction



Introduction: 7 physics at Belle I

7 physics is very active research in Belle II!

Many studies have been done for LFV measurement (e.g. T2 UM,
T—uh etc) with early data

Many analysis on-going on hadronic decays, T—3nv (spectrum
measurement), T Knv (Vus, CPV measurement) etc...

More to be done e.g. inclusive measurements (done only at LEP),
T—2nv for g-2 (the previous Belle analysis is <100 fb-1 data),
heavy neutrino search etc...

D
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Belle Il Physics Week 2024
One of the focus was tau!




Introduction: 7 physics at Belle Il

Challenges for hadronic decay measurements

- Both signal/tag sides do NOT make any peak (except for LFV)!

- Channels including n0 is particularly difficult

~ Potentially a large cross-feeds (e.g. background from Cabibbo
allowed channels to Cabibbo suppressed channels)

Still ALEPH result dominates most of the measurements

- MC study very important: France-Ukraine(-Poland) collaboration
(Krakow=developer of TAUOLA)




Introduction: CP Violation in hadronic tau
decays

Belle Il Physics Book ‘18

CP violation : Golden Channel for Belle II Physics!

o Direct CP Violation: non-zero only when two amplitudes have
different CP violating and CP conserving (strong) phases

o Triple product: non-zero as long as two amplitudes have different
CP violating phase (still you need to measure the difference
between tau+ and tau-).

D(rt = 7t Kow,) —T(r~ = 7 KYv,)

Ay =
D(rt = 7t Kov,) + (7~ = 7~ KYv,)

AM ~ 2Re(e) ~ (0.36 + 0.01)%  Kaon mixing produces CPV

A; = (-0.36 £ 0.23 + 0.11)% ,

Babar measurement 2.8 sigma away...
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Puzzle of 7+ and z- asymmetry



Puzzle of 7+ and z- asymmetry

T 7Yt decay in Tauola MC generator
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Paper in preparation with
Z. Was (IFJ PAN)

Is this CP Violation?!
(No! CP phase in SM for leptons)

If not, how can we measure
the “true” CP Violation?
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@ hadronic rest frame
v nL: direction of the lab frame
v nl: direction normal to the
hadronic decay plane
v q3: direction of a hadron




Puzzle of 7+ and z- asymmetry

Very naively, CP violation should be non-zero Acp

(77 = htD,) —T(1t~ — h™ ;)
(tt = hTv,)+ T (= — h~v,)

Tt~ = h v;) x M~ M1
L(tT = hT5,) oc MT M

's CP conservation (M™)F = M* ?



Hadronic Decays: tt—h*y;
h=m, i, i, K, K, K, KK, KK

Amplitude
_ _ T 1)
M™ = gou(pu)yp(l +vavys)ulps)J" \./' Vz
M = g0(pr) (1 + vavys)v(py) T E d
<_ h'
Yav = ga/gy (in SM it is -1) 0
T+

Hadronic currents

—_  —Vz

<§ h+

Tt = (B [a(pa)y" (1 = v5)v(pu)|0) = (hT[@(pu)y" (1 = 5)v(pa)|0)

Squared amplitude
MM
— 295[(1 + V%V){pﬂu pVV}®27AVmT{puua SV@iVAVEaBMVpVapTB"Fi(l + ViV)mTeaﬁuysapyﬂ]J'uJVT
MTMTT
- 2912) [(1+ /7124‘/){197',1“ puu}®27AVmT {puua SI/]@?:WAVGO(B/M/pl/OépT,B—i_Z’(]- + Viv)mTeaﬁuysapy/B]Ju JUT
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Hadronic Decays: tt—h*y;
h=m, i, i, K, K, K, KK, KK

Amplitude
M- = gvﬂ(pu)7u(1 =+ 7AV75)u(pT)J'u t \"./' Ve
M = g0(pr)Yu(l + vavys)v(py) S 5 d
B . — b
Yav = ga/gy (in SM it is -1)
u: particle T+,\/ Vr

V. anti-particle
: U
_ ht+
— h

Let’s take CP transformation to the M- amplitude
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CP transformation

P transformation:
D1y (1= ") — Oy (L) o p= (o, —p)
C transformation:

D1y (1 — )by — =y (1 + )by

dS* . | |
Ple) = \f > |6 s)ul, s)e 7 + d! (5, 5)o(, 5)e TP
s=%
— d3—> _ | |
Ylz) = B g\F > b*(ﬁs)ﬂ(ﬁ,s)e‘w+d(ﬁ,s)@(ﬁ,s)e+w}
7T 2 s=4

bT(d") is the creation operator for (anti-)particle
b(d) is the annihilation operator for (anti-)particle
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CP transformation

(Anti-)particle Projection

ATy =u, PAT
A Yy =v, YA~

U

Spin Projection

Pt = ulp,)lps) =

S, +me)(1+759)

Amplitude B
M™ = g Vg, [N (1 = 45) PTAT ] JH

Tt = (B[ g[ATA* (1 = 75) A7 ][4, |0)
Amplitude

M = guViiti (o yyu(1 = 5)u(pr) (™ (17" (1 = 15)0u[0)

(M) = gV B [P = 39)lon (B (1 — 35)0al0)]
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CP transformation

CP transformation

M~ =g,V dﬂ(pu)'ﬁu(l — 5)u(p
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Hadronic Decays: tt—h*y;
h=m, i, i, K, K, K, KK, KK

Amplitude
_ _ T 1)
M™ = gou(pu)yp(l +vavys)ulps)J" \./' Vz
M = g0(pr) (1 + vavys)v(py) T E d
<_ h'
Yav = ga/gy (in SM it is -1) 0
T+

Hadronic currents

—_  —Vz

<§ h+

Tt = (B [a(pa)y" (1 = v5)v(pu)|0) = (hT[@(pu)y" (1 = 5)v(pa)|0)

Squared amplitude
MM
— 295[(1 + V%V){pﬂu pVV}®27AVmT{puua SV@iVAVEaBMVpVapTB"Fi(l + ViV)mTeaﬁuysapyﬂ]J'uJVT
MTMTT
- 2912) [(1+ /7124‘/){197',1“ puu}®27AVmT {puua SI/]@?:WAVGO(B/M/pl/OépT,B—i_Z’(]- + Viv)mTeaﬁuysapy/B]Ju JUT
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Hadronic Decays: 7= 11tv;

5y
MM = 1697 fm-|pf (1 I )

S ﬁw
MEMA 1695f7%m7\p]3 (1 B o )

CP Conservation! M- MT = M*MH‘

p%ﬁavud_)‘/,:d

Vr T TC-
g <« <« C
T T A% Vr - -
< > CP < 5
- = « <
C n+ ,c+ V‘

€ > P A,
<~ < Isai’'s argument



Events

Hadronic Decays: = sy,

s=0 Beta distribution

E MM o iVAveaﬂuvpuapTBJMJ*V
= —7av(Q)o (77 - Tm(J x J¥))

z

M+M+T o — Z"YAVEaB,LWpl/apTB JH T

wooF- — T,
— TV . o 5
400— : - +7AV(Q)0 (pT ) Im(J X J*)>
C z
200~
C _ . _P1XPp2
o e cos f = np -

cos(p)

P12 7T momentum

I odd triple product: it requires imaginary part to be non-zero
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New physics search with CP Violation

M- = gvﬂ(pu)’%u(l _ 75>u(p7)<]'u + UPﬂ(pu)(l + ’75)“(]97'){/
MT = g 0(p-)vu(1 = v5)v(pu) J* + np0(pr) (1 — v5)v(py) S’

Interference term
M7 MG+ My MT

— Re {49077P[m(p1/ : JT) + (s - pl/)(pT ' JT) - (pl/ 'pT)(S ' JT) + 1€aBuuS pypVJML]J/} 7

E.K. and A Korchin, preliminary

- - J =
My My + My M|

= Re {4gvn}‘a[—m(pu TN+ (s po)(pr - TN = (pu - pr) (s - J1) — i€apupus PVPVJM]J'}

difference

B 89“" (eI = 8gs Relnj] x Re[~(py - pr)(s- 7.7
= 8¢y Re[np] x Re[(s - pu)(pr - JT)J/] Cig = SQUX tm{(p. JT)J,]
cP of
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Conclusions

* Differential decay rates for z+ and z- are different even if CP

is conserved.
* It disappears with flipping the sign of 3-momentum

* New physics can break CP in tau decay. We look for a
specific differential decay rate to distinguish the CPV and
CPC contributions.
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