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WHY DO WE NEED TO MEASURE 04,7

Calculation of QCD contribution to charm decays is not a straightforward task. Long
distance contribution (FSI) could mimic NP in charm. Pursuing the goal of the most precise
measurements and searches for NP clear understanding of SM contribution is needed.

AACP = ACP(K+K_) - ACP(W+7T_) = (—154 + 29) X 10_4|

Phys.Rev. Lett.122,n0.21,211803(2019)
N SM or NP
: . VubVCb —4 Y
Naive SM prediction: O(a,/ ) .~ 10
us " CS

Approach based on flavour symmetries allows us to get around QCD calculations.

o SU(3)f allows to obtain

predictions for strong
phase values;

= SU(2);sum rules allow us V2ZAps g0

to flavour symmetry
approach

Ap+_ko.+
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FRAMEWORK

KY — K evolution:

ailz) = (4737 (o)

Tl -

Initial state — a | K%Y + b|KY):
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MEASUREMENT WITH DECAY K — A%

For the initial admixture a | K) + b | K") time-dependent decay rates:

1
R(1) = Ze-”|Al+|2 lal’K, + |pE
q

_ 1
R(t)=Ze‘F’|Al_|2 la|°K_+ |b—

2

K_+2Re{abZ(1 = ¢2T" 4 2i sin(Amt)e¥2T") )
q

2

K.,=1% 2 cos(Amt)er Al 4 ATt

The third term represents an interference
of CF and DCS decay amplitudes and
allows us to extract the strong phase

difference — 6.

Both cos 6 and sin 6 could be measured,
so there is no trigonometrical ambiguity
in such measurement.
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K" — nfv, RECONSTRUCTION P Pakhlov, VP

THEP 02,160(2020)

Missing neutrino in the final state does not allow direct kaon momentum reconstruction,
however momentum could be retrieved using 4-momenta conservation.

(Pgo— Pr)* = P
P (7]
P €08 O(mz +m?) \/; oK

1Pkl =~ 2(p% cos?0 — EZ)

K

The question of choosing could be resolved through vertex and kinematic constrains and based
on the simulation required resolution could be achieved. (For the FTCF picture even better since
D-meson momentum is known.)
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CPVIN KO — ztn~

Amplitudes: Time-dependent decay rates:
1 — _ 1 — , — 1 £ 2Re(e _ _
| K1) = —ge_mquS) + ge_llLt|KL> R(R) = 9 ( )‘AfS’Q e Tstyin, [Pe!rf —
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MEASUREMENT WITH DECAY Kg - P. Pakhlov, VP

JHEP 09,092(2021)

Amplitudes for the process D — K¢ X: 107E

—o— _+_ D+ — Kg'ff+
e ' 100 T 4+ D - Kl
(f|Huwk| D°) = (f| Huk| K°) + /7€ (f| Houi| K°) ~

(f1Hwk|D°) = /rpe® (f|Hue|K®) + (f|Huwr | K?)

Time dependent decay rates
Ky — nn:

R*(t) (T ()] =R(t) +r,R(t)
VTr (cosd +2[ny_|sindsing,_) x (e‘rst - |?7+_|2€_FLt)

24/TF |4 (siné + 2|ny_| cosd sin ¢+_>6_5(FL+FS” sin (Amt — ¢, ),

+ +

(U (0)]* = R(t) +r/R(t)
V75 (cosd —2|ni_|sindsing,_) x <€_Fst — |7]+_|26_FLt>

24/Tf|n4—| (sin5 — 2|ny_|cos d sin ¢+_)6_5(FL+FS)"’ sin (Amt — ¢, ). 0.1F 7 + + +

+ Il

Strong phase enters both equations. No o1l
trigonometrical uncertainty in the measurement.

t/TKS
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FUTURE SUPER TAU CHARM FACTORY

Proposed methods are universal however there are SCTF
some requirements to achieve the best precision:

Requirement

Good spatial resolution

~ 100xm
.................................... i _</
| |
Large tracking detector/slow kaons : / 5.6 x 5.6 X 5.3 m?
:
.................................... e mmmmm———
|
Good momentum resolution : /
ap/p <0.01 : . .
____________________________________ S Luminosity per 1 year
| |
. - . ' J/0  0(2S) ¥(3770) ¥(4040) (4160) (4415
Hadron identification : V4 IV ¥35) YITI) 04D $ELn) $Es)
. M. Ge\ 3.097 3.686 3.773 4.039 4.191 4.421
 m m m m m m  E E E E E E E E E E m Em Em E E E B M M M E Lk m o o o m m om m . MeV 0.093 0.286 27.2 80 70 62
o, nb ~3400 ~640 ~0 ~10 ~0 ~4
L. fb1 300 150 300 10 100 25
N 10'2 10" 2 x10° 108 6 x 10% 10%
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FEASIBILITY STUDY: K — 7/v,

Expected number of events:
Feasibility study preformed with Monte-Carlo.

.
Both RS and WS distributions fitted () Decay channel FTCE x 10
simultaneously. DO S 100 | 5
Studies showed no biasinsuch | Dt B0+ | 15
measurement. e e
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FEASIBILITY STUDY: Kg — "

Obtained with Monte-Carlo
simulation samples fitted (ML) and
no bias observed in proposed

measurement.
80 O
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DCS/CF amplitude ratio was never measured in
decay modes with K2, so scan in 5/\/7f performed.
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K" REGENERATION

Strangeness conservation in strong interactions lead to inequality of rescattering

amplitudes for K° and K" on matter — Af # 0. Regeneration of neutral kaons can imitate
CPV and introduce a bias in strong phase measurement.

Equations for evolution should be modified as:

(3 -0 (50) - ) e am =2

Introducing regeneration parameter — r:

2 1 Ay
g =€ it {@%Lcos (A)\\/l + 4r? t) &S\jf?:;LS sin (A)\\/l +4r2t)} , rAe = Eﬂ

With expansion for r:

as(t) = 6%(x+¥)t€—i>\5t(a%+Ca%€—iAAt)

iANEm
L , Wwhere :fr(l—e p)
ar(t) = e%(XJFX)te_MLt(aOL + Ca). ‘
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K" REGENERATION

Estimations for Belle Il experiment. SVD
MaTrepnan Tiot, (M) ReAf, fm ImAf, fm
Si 553.0 7.5 -12.9
Be 219.1 -3.9 -6.2
30 120
500 ps.ex. Lol o Matter

e Reference

0
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Nps.ex./ 0.002
=

40t
20t ?
=
.':] o ' 1 \ ﬂ{:'{:h
50 60 o1 0.06 0.08 0.10 0.12
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UNCERTAINTY DUE TO D-MIXING

In the decay channel D’ - Kgﬂo there is potential bias due to charm mixing. Parameters

a, b become dependent on DY decay time. Both evolution of Kg and D" should be taken

iInto consideration.

ot () = (K°°|H|D°

100

Smallness of mixing parameters and
experimental factor (obtaining proper

DO decay time resolution) brought us & 6o

to consider integration over D' decay
time. We found the bias from mixing to

be negligible (compare to stat. o0l

uncertainty).
0

phys(t/>> = Apo [f+(t/) - \/ﬁei(“@f_(t’)]
br(t') = (K°7°|H|DY,,.(t') = Apo [\/rre = fL (') — f-(t)]

World average:

x =043

y = (0.60 = 0.06) %
¢ = (0.08 £0.31)

+0.10
—0.11
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ZQ 40+
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<4 No mixing
-+ t/tp <10

13
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100
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STUDY OF CORRELATED D°-D

J/6 6(25) [ w(3770) §¥(4040) ©(4160) (4415)

M,GeV 3.097 3.686§ 3773 | 4039 4191 4421

D MeV 0093 0286f 272 § 80 70 62

U D D o,mb  ~3400 ~640 § § ~10 ~6 ~4

DD \/*“ hys( )>| phys( )> ‘ phys( )>‘ hys( )>] L fo-1 200 150 ’I _ 0 100 .

N 102 10" §2x10°4 108 6x10° 108

For correlated D" pair time dependent decay rate for final states f;, f>:
1
(f1,t1, fa, t2) o |Af1|2|Afz|2€_F(tl+t2) b|§ + ([Pem AR
1
€ — (P20 — ([€ — |¢[?) cos (Ami(ta — 1)) + 2Im(E°C) sin (Am(ts — tl))]
Ay Ay p g\ AnAr
where C—A—fz—A—f . &= <—> — <—> — =
o Af 9/ p p/p A4y
Than for combination of final states: {D - K7zt:D - KOTCO}
? ? TAY
Rty 1) & 2| At |*| Agogs ze-F<f1+fz>[(r;)+rf-—A_) +Tad, + || 2] + L] 2 —a, — +y2)]
q D p D
_ — p / q 0../ 0 p 17 q —
A, =2,/ cos(8ny £ 6 A,=,/r <—x+—ry>— r(—x+ ry)
+ = 24117 cos(Bpo £ 6_1) VA P\ T
16.01.2024
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CONCLUSION

© Strong phase measurement could
significantly improve our estimations for 30

long distance QCD contribution in charm;

25T

~ The adequacy of flavour symmetry oS
approach could be checked; g 20f
- FTCF is an ideal candidate for such *E’ 151

measurements; 8
3 10}

© Both presented methods give similar &
accuracy at the level of 5°; !
© Secondary vertex reconstruction is crucial 0

for such analysis. Events, x 10%
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MEASUREMENTS IN LHCb

LHCb experiment meet many requirements for the experiment to perform proposed

measurement. However for typical momenta of kaons ~ 5 GeV/c LHCb tracker is very
“short”, only few lifetimes could be analysed.

EcaL HCAL
SPD/PS M3

Magnet RICH2 M| M2

T3
T2

Tl
RICH1 0.2r

Mg MO 0.3t

=
o
N
L

0.07

B T, E—T; 0 10 )

> 5mput )
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PRELIMINARY RESULTS FROM BELLE DATA

*4 0 +
Using data sample collected by Belle experiment the DT — (Ksﬂ )Dﬂ'
following values for Iy and 0 were obtained. While

— fit: /rp =0.20+£0.15, § = (=7 £40)°

uncertainties are quite large (which is anticipated) the DA CPVMIXonly AT
. .+ Belle (951fb 1)
ability to perform such measurement could be seen. oy T
zlz. 0.0f—e . .
Il
Decay channel N 0, ° < ool
DT — Kgn™ | 0.07£0.10 | —56 £ 61 ol
Df — KgK* | 0.09+0.12 | —1324+103 gt
DY — Kgr® | 0.20+£0.15 | —7+40 2 4 y 6 ; H
TKg
Df - KK* DT > K™
1.0
—— fit:\/fp = 0.09+0.12, § = (—132+103)° —— fit: \/fp = 0.07 £ 0.10, § = (=56 =+ 61)°
------- CPVMIX only 04F " CPVMIX only
051 4+ Belle (951fb7 1) 0.2l 4 Belle (951fh™ 1)
G s
zlz. 0.0 . . zlz 0.0 o -
Il Il
= = 02
—0.5
—0.4
10} 5 : :
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PRELIMINARY RESULTS FROM BELLE DATA

Measurement (preliminary) of indirect CPV in neutral kaons on the Belle

data sample — 951 fb~!. Obtained values are in good agreement with
World average.

+ + - + o Oy -+
120 100 100
—4— World average —4— World average —4— World average
100+ —4— Belle (951fb~1) qol —4— Belle (951fb1) sl —4— Belle (951fb~1)

80r

60 s0l

Y-
Pt—

401 401

401

20k 201 201

Ny x1073 N x1073 N x1073
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BACKGROUND SUPPRESSION FOR K — £,

© Background from primary vertex:;

For the small lifetimes there is no sensitivity for the strong phase measurement.
And this background could be “cut off” without loosing precision.

© True secondary vertices: K¢ —» n7rn~, K, — ntn .

NQ SR | = NQ 2200 [~ T T T =

= 6l ] = 2000 |- G E

§1065—a — K —mev | 2 ook E

S f 7 [ Kg=ma | ] 5 18001 E

Tans b 2 ] = 1600 | 3

=107 E 2 E = - .

o - 7 3 o 1400 - -

> u 7 . > - .

=10t 17 Bl = 1200 =

= 7 = n ]

- 7 ] 1000 |- =

B f 77 n o .

10° . E 800 [ =

- v % % = u ]

: S S S 2 24/ : 600 :_ _:

102 | I 1 | - .

0000000 400 E

~ I A . 200 .

- I . n .

10 =T A /2?42??%2;4 ? 2?2| L | | d L L L ] 0 - _ Ko SR S e e i N I_» | L L L L a
04 0.5 0.6 0.7 02-8 0.1 0.2 0.3 0.4 0.5 0.6 0.7

m(ttr), GeV/e m(rtte’), GeV/c?

Requirement of the identification and K-veto allow us effectively suppress the
background secondary vertices.
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OTHER POSSIBLE APPLICATIONS

./ B-physics:

My I Amt Amt\, =.. ]

IBY(t)) = eiTE ttest cos< m >130>+¢<€) sin <—m )yB°>
L 2 P/p 2 |

_ | i Amit Amt\ -]
B(t) = e (E) < m>130>+si“ <_m>!B°>
L \4/p 2 2 A

_P(BO_)JC)_P(BO—)JC)_P\P—l A B
acp = P(BO N f)—I-P(BO N f) - |/\|2+1COS(Amt)+|/\|2Tsm(Amt) =
= —Ccos (Amt) + Sy sin (Amt),
3 3

, sig L+ | PIT | OF0)
= |e .
1+ |PIT| e’

4 2

< New Physics searches in the SCS D
-decays.
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