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WHY DO WE NEED TO MEASIURE

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.
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Approach based on Bavour symmetries allows us to get around QCD calculations.
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FRAMEWORK CF: DCS:
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MEASUREMENT WITH DECAY $' (.

JHEP02,16(02020

For the initial admixture a! K%e+ b! K time-dependent decay rates:

1 p
R(t) = =e®&1A,12 | 1al?K, + [b=
(t) 2 A q

_ 1
R(t):Ze$&t!A1$!2 lal®Kg + b%

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

di"erence N ".!

Both COS" and SINn" could be measured,
so there is no trigonometrical ambiguity
In such measurement.
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MEASUREMENT WITH DBCAY $*$°

Amplitudes: Time-dependent decay rates:
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MEASUREMENT WITH DECGAY $*$°

Amplitudes for the process D!  KgX:

(flHw|D®) = (fIHw|K®) + o€ (f|Huk|K°)

(flHw|D®) = roe' (fIHwIK®) + (f|Huk|K°)

Time dependent decay rates
Ks! $7%%:
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Strong phase enters both equations. No

trigonometrical uncertainty in the measurement.
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SUPER- FACTORY

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

Requirement

Good spatial resolution!
# 100+m

56x56x53m?

Good momentum resolution!

,p/P<0.01
: Luminosity per 1 year
Hadron identibcation : ) — _ -
. J/v P(2S) P(3770) (4040) (4160) (4415)
e M, GeV  3.097 3.68  3.773  4.039  4.191 4.421
I, MeV  0.093 0.286  27.2 80 70 62
o, nb ~3400 ~640 ~6 ~10 ~6 ~4
L, b1 300 150 300 10 100 25
N 10" 10" 2 x 107 10® 6 x 10® 10®
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FEASIBILITY STUB! & (.

Expected number of events:

Feasibility study preformed with Monte-Carlo.!
, Decay channel | SCTF, ( 10
Both RS and WS distributions ptted (- ) _ i
simultaneously.! DO'KO$O 6
Studies showed no bias insuch | D! KO$+ __________________________________________ 5
measurement. DI ! KU%K* 12
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FEASIBILITY STUBE! $*$°

DCS/CF amplitude ratio was never measured in
decay modes with K&, so scan in "/\/r_f performed.
Obtained with Monte-Carlo
simulation samples pbtted (ML) and
no bias observed in proposed
measurement.
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STUDY OF CORRELATEED®
§ ©(4040) ¥(4160) v(4415)
M, GeV 4039 4191 4.421
1 I, MeV i 80 70 62
— n 0 n 0 n 0 n ) ~ ~ ~
! DD — J_z[lD hys(t) “gphys(t) # “gphys(t) |Dphys(t) ] z :‘)_l 1;0 1(:) 2;
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For correlated D° pair time dependent decay rate for Pnal states 4, T»:
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CONCLUSION

© Strong phase measurement could
signibcantly improve our estimations for 3

long distance QCD contribution in charm:;! ¢ L =10ab"?
25 _
© The adequacy of RBavour symmetry o : ¢ L=lab"
approach could be checked;! c 20
>,
- SCTF is an ideal candidate for such £ 158
measurements;! S
. 8 10
~ Both methods give similar accuracy at the 5
level of 5';! 51 Ds  D*
—— ——
~ Secondary vertex reconstruction is crucial 0 S 10 15
for such analysis. Events( 107
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BACKUP SLIDES
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OTHER APPLICATIONS

B Searches for NP in SCS decays. In the SM only one 3avour is
produced in SCS decays;

S C u
;;”K::UK 5 K
C > > S <
K_O SK_O
d < d d d
C u . C —» > u
f;ng %li«(gK
SK_O s
d < d d < d K°

B semileptonic D*(DY)-decays could be used to improve

accuracy in ) .¢, " +¢ and search for NP.
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K’ REGENERATION

Strangeness conservation in strong interactions lead to inequality of rescattering

amplitudes for KY and K® on matter N ' f O 0. Regeneration of neutral kaons can imitate
CPV and introduce a bias in strong phase measurement.

Equations for evolution should be modibed as:

oo ke 0 ke 25N
- — I - — f
oo S MES e oo - oy #8% -(9)S — f(f)

Introducing regeneration parameter N r:

%o ey (g w(Bs ) 8 1
=e "' (2 cos 1+4r2t +j-> > sin 1+4r2t #3% I'= -7
(S,L (S,L 2 1+4r2 2 y $ 0 2

With expansion for r:

#S(t) = e%(""'"_)te! ”St(#g + $#(L)e! i! !t)
B = GO I + 540).

j1 1 Lm

where $=r 1! e "
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K’ REGENERATION

Estimations for Belle Il experiment.! SVD
BeN1 mim, SiN Ly ,= 50+m, Lyge = 300 +m

I"#$%&™ I ot, (MD) Re! f, fm Im! f, fm
Si 553.0 -7.5 -12.9
Be 219.1 -3.9 -6.2
8 12
500 ps.ex. 100 o Matter
e Reference
S 80
o
o
=~ 60r
zCL 40r
20r
I a"o,
50 60 Qoa 010 012
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UNCERTAINTY DUED-MIXING

In the decay channel D° ! K(S)$O there is potential bias due to charm mixing. Parameters @, b

become dependent on DY decay time. Both evolution of KSO and DY should be taken into
consideration.

X = (0.4%8:%1 %
World average: Y = (0.60x 0.06 %
1 = (0.08%* 0.3

| | ' | %— i(l+" | "’
a'(t) # VROIOH|Dg, (1) = Apo fo(t)$ "l If. (1)

phy lo
b'(t) # IKIOH|DY,(t)" = ADO'A’Wei“" DfL () $ ()

100 100
Smallness of mixing parameters and + Nomixing + Nomixing
: . 80t -+ t'/p < 10 [0+ -+ t'/1p < 10
experimental factor (obtaining proper T %
a
DY decay time resolution) brought us A gop 3 § 601
to consider integration over DY decay ¢ 3
. . .. 7 40f 2 407
time. We found the bias from mixing to z
be negligible (compare to stat. 20t o0l
uncertainty).! :
0= - e !
0 20 40 60 (9.02 0.04 0.06 0.08 0.10
5,° VT
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MEASUREMENTSUINCD

LHCDb experiment meet many requirements for the experiment to perform proposed

measurement. However for typical momenta of kaons # 5 GeV/c LHCb tracker is very
OshortO, only few lifetimes could be analysed.

HCAL
ECAL i
SPD/PS M3 0.3

Magnet RICH2 w1 M2 _ =

T8
- T
RICHI 0.2r

0.0f

' 0150140 0 40 80

> - input s

Workshop on SCT (16.11.2021) 17



