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The message of this talk:

A measurement of time dependence in K — u*u~ is

sensitive to the CKM parameter 77 with theory

uncertainty of O(1%)

Avital Dery, Cornell University 2 KAON 2022



Theoretically clean, sensitive to functions of ViV VEV.a
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» Experimentally straightforward

» Similar weak Hamiltonian (also sensitive to V*V,,, VXV, )

GF 8%

Heps = > (VaVeaXhp + ViViaX (20)) (3d)y-a(@m)y -4

=€,H1,T

Avital Dery, Cornell University 3 KAON 2022



— * Within the SM determined entirely from the weak effective
U U Hamiltonian (shorbt-distance phvsiﬁs)
* Purely CP-violating

K; —> &
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— * Within the SM determined entirely from the weak effective
U U Hamiltonian (shorbt-distance phvsws)
* Purely CP-violating

Avital Dery, Cornell University s KAON 2022



— * Within the SM determined entirely from the weak effective
U U Hamiltonian (short-distance kavsms)
* Purely CP-violating
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(). — * Within the SM determined entirely from the weak effective

KL —> 71. U U Hamiltonian (shorbt-distance phvsws)

* Purely CP-violating

Exaaﬂv Fhe same CKM c&epemd@.mae
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V;‘; Vts
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In numbers

BK, = utu™)=(684+0.11)- 107

SD

(6.85=*

BK; = u " )ey =
(KL = 7§ )sm {(8.11i

+ 0.06) X 1077 (+)
+ 0.13) x 1077 (=)

BKs— wtu)ipey <2.1-10710

SD

B(Kg— p u ) = (5.18%

+ 0.02) x 10712
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How can we get rid of the
long-distance contributions?

W
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The key: CPV comes from

the weak (SD) diagrams
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Framework

We work under the following approximations -

1. We neglect CPV in mixing, negligible for our purposes, O(eg) ~ 1072

2. We assume that the leptonic current i1s vectorial - within the SM this 1s an

approximation, good to @(mlz{/ m‘%,)

3. We neglect CPV in the long-distance physics, of O(1*) ~ 1072

All fulfilled in the SM to G(1072)
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CP analysis of K — u™u~

Initial state! kaon mass eigenstates are CP eigenstates,

K, K
CP-odd CP-even

Final state: since the kaon has J = 0, the dimuon state can have either S=0,7=0

or S=1,7=1

corresponding to final states:

(i) p—os (i) p—1
CP-odd CP-even
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CP analysis of K —» u™u~

Initial state! kaon mass eigenstates are CP eigenstates,

K, K
CP-odd CP-even

Final state: since the kaon has J = 0, the dimuon state can have either S=0,7=0

or S=1,7=1

corresponding to final states:

(fit) =0 (fp) p—
CP-odd CP-even

In practice, we measure the incoherent sums,
F(KS — lu-I_IM_)meas, — F(KS — (lu_l_lu_)f:()) + F(KS — (lu-l_:u_)f:l)
F(KL — /’t+/’t_)meas, — F(KL — (/’t+/’t_)f:O) + F(KL — (//t-l_lu_)f:l)

If we could extract the CPV modes, we would have a
similar situation (theoretically) to K, — z'vi
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B G. D’Ambrosio and T. Kitahara [arXiv:1707.06999]
’ AD, M. Ghosh, Y. Grossman, S. Schacht [arXi1v:2104.06427] _

Time dependent rate

(‘;—1;) — N, f(1). f) = C e T+ Cge ™ +2.C,,, cos(Ami—gpp)e™,

- Exper&memﬁat F»arame&ers
{C, Cs, Crps 00}
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G. D’Ambrosio and T. Kitahara [arXiv:1707.06999]
’ AD, M. Ghosh, Y. Grossman, S. Schacht [arXi1v:2104.06427] _

Time dependent rate

(‘;—1;) = N, f(1), f()=C, e T'+Cse ™ +2C,,, cos(Ami—gy)e™™,

- Experimemﬁat parame&ers

Theory parameters: 4 amplitudes and 2 phases

SD |A(Kg — (//i+//t_>f=())
AKg = (1) -y Py = arg(A(Ks)akA(KL)o)
AKp = (uhu7)pmg) | 1 = argAKTAKL))

SD |A(K, = ("1 )pzy)

A priori, & %keorv meme&ers
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| G.D’Ambrosio and T. Kitahara [arXiv:1707.06999]  §
AD, M. Ghosh, Y. Grossman, S. Schacht [arXi1v:2104.06427] ;

Time dependent rate

(‘;—1;) =N, f(0), f(H)=C,e '+ Coe™s"+2C, . cos(Amt—qpy)e™ ",

- Exper&memﬁat parameﬁms
{C, Cs, Crps 00}

Theory parameters: 4 amplitudes and 2 phases

Under our
approxima&éoms Fwo are
negi.igébi.&

SD |A(Kg = (U"H™)p=p)
A(Kg = (uru)ep) | 9o = arg(AlKg)gAKL))

A(K; — (ﬂ )=o)

A priori, £ theory parameters
4, 1 of which is pure SD
{ AWK, [AKLo |5 |AKY, |, afg(A(Ks)?;A(KL)o)}
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Entire system can be solved

- Exparémen&ai. parama&evs e Eheory F&r&me&evs
Cr,Co, Cr s 0} — UIAK | [AK Do | [AK | arg(A(KS)ffA(KL)o)}
C, = AWK,
Cs = A, 1> + B2IAKY), |7
Co. = DA, AK | p ="Kk
Int. — S70 L/70 — NKO 4 Nl?o

Py = alg (A(KS)OA(KL)O)

In particular, we can solve for

the CPV amplitude |A(Kj), |
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G. D’ Ambrosio and T. Kitahara [arX1v:1707.06999]
AD, M. Ghosh, Y. Grossman, S. Schacht [arXiv:2104.06427] ¥

SM prediction

Gy 2aemmeﬂY (x,)

X fr X V.V Im

)
2 7T sin~ By,
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G. D’Ambrosio and T. Kitahara [arXiv:1707.06999]
AD, M. Ghosh, Y. Grossman, S. Schacht [arXiv:2104.06427]

SM prediction

Only hadronic parameter, O(1%)
uncertainty from isospin breaking

Gy 2aemmeﬂY (x,)

X fr X V.V Im

)
2 7T sin~ By,
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G. D’Ambrosio and T. Kitahara [arXiv:1707.06999]
AD, M. Ghosh, Y. Grossman, S. Schacht [arXiv:2104.06427]

SM prediction

Only hadronic parameter, O(1%)
uncertainty from isospin breaking

Gy 2aemmeﬂY (x,)

X fr X V.V Im

)
2 7T sin~ By,

g = AT + O(47)
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G. D’ Ambrosio and T. Kitahara [arX1v:1707.06999]
AD, M. Ghosh, Y. Grossman, S. Schacht [arXi1v:2104.06427]

SM prediction

Only hadronic parameter, O(1%)
uncertainty from isospin breaking

Gy 2aemmeﬂY (x,)

)
2 7T sin~ By,

0-003IIII|IIII|IIIIIIIIIIIIIIII

excluded area has CL > 0.95

g = A2 + O)

0.002

Current error on 7,
from B physics 18 O(5%)

0.001

IIII||III|IIII
/ 960

%ooo | ‘
SR ~

-0.001
Am,

1 AF/]

sin 2B
-0.002

@fitter €y

Spring 21
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B G. D’ Ambrosio and T. Kitahara [arXiv:1707.06999]
AD, M. Ghosh, Y. Grossman, S. Schacht [arX1v:2104.06427]

SM prediction

Only hadronic parameter, O(1%)
uncertainty from isospin breaking

Gr 2aemmeﬂ Y(x,)

X fg X V..V, Im(

\—\

)
2 7T sin~ By,

las = A4 + 0G)
THE messaqe for this talie:

A measurement of I'(K — u*u™)(#) would provide
a clean determination of 77 from kaon physics,
with ultimate theory uncertainty under 1 %

q golden mode
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0

Complementarity with K; — 7 b

— 2 2
Rs1, = B(KS — #+ﬂ )SD — 1.55 x 102 L Y(xt) ~A.J. Buras and E. Venturini, §
B(K — mvi) ' 0.225] | X () [arXiv:2109.11032]

Eliminates the dependence on |V, |4

Complementary probe of NP models | AD, M. Ghosh »
| [arXiv:2112.05801] |
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How feasible 1s this experimentally?

Next talk by Rado Marchevski!
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L AD, M. Ghosh, Y. Grossman, S. Schacht §
* (to appear)

Some theory mput on feasibility

What 1s the value of ¢,? f(t)y=C,e T+ CoeTs' +2C, . cos(Amt—gpy)e™,

Will affect the sensitivity of the measurement

Sum of all terms, ¢y =0

(1)

Sum of all terms, ¢y = -7T

_____ Exponents only
05, : (no interference)

0 0 1111111111111111111111111111111
.
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~~~~~~~

AD, M. Ghosh, Y. Grossman, S. Schacht §
(to appear)

Some theory mput on feasibility

~~~~~~~

What 1s the value of ¢,? fO=C, e+ Coe " +2C, . cos(Amt—gqye™,

Will affect the sensitivity of the measurement
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~~~~~~~

AD, M. Ghosh, Y. Grossman, S. Schacht

Some theory mput on feasibility

N (to appear)
What 1s the value of ¢,? f()=Ce ' '+Cses' +2C),, cos(Ami—gpyle™ ",
Will affect the sensitivity of the measurement
o (ImA(KL)) B e L‘ P i B B(K; = y7)
AK) | BK, — 1t i) (K, = u*uo)
[cos %] — 0.978+£0.009  Close to maximal
SM
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Some theory mput on feasibility

~~~~~~

AD, M. Ghosh, Y. Grossman, S. Schacht §
(to appear)

fO=C e ti+Cie™s"+2C, . cos(Amt—gqye™?,
L S Int. 0

f(t)

0.5"

oo ——— e

Sum of all terms

Exponents only
(no interference)

Approxéma&e SM

prediction,
D=1
(CpHsm =1

(Coapy ~ 0.43
(C,y )y = 0.12

Naive estimate - O(10'%) Kaons are needed
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Summary and Conclusions

4+ The time-dependent rate in K — u*u~ is a complementary cpolden mode, allowing for &

clean independent determination of CKM parameters from kaon physics.

4 The ultimate theoretical uncertainty is of O(1%)

4+ The relevant CKM parameter is ij, ~ A”1%/}, the same as for K; — n'iv.

4+ The ratio B(K¢ — pu 'y ) g | B(K;, — 7Dv) is an extremely clean SM observable,

dependent only on the parameters 4, m, . . 1. Buras and E. Venturini.
[arXiv:2109.11032]

=R,

4 The same K — p"u~ observable is also a sensitive probe of NP [[ar‘;]i)v’:lzvfl%zsglal]]

4+ The phase shift in the oscillating rate, ¢,, 1s an additional clean SM prediction, and

1mplies close to maximal integrated event rate. | AD. Ghosh, Grossman, |
Schacht [in preparation]

.

4+ A theorist’s estimation - we need O(10'°) neutral kaons, with ©(1) Dilution factor
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Thank you



