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Introduction

Talk plan

@ Sensitivity assessment of the New Physics (NP) search method in B — ¢Ks decay

@ Development of a new method for NP search in the BT — KTKTK™ mode,
comparison of accuracy with B — ¢Ks

@ Testing the possibility of determining the nature of direct CP violation in
Bt — KTKTK™ based on LHCb results
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"Golden" mode B%T — ¢Ko’+

NP in B — ¢Ks

@ The B mesons region is very promising for NP searches
@ One of the most encouraging channels is a penguin-dominated B — ¢Ks decay (b — s5s)

e Standard Model (SM) predicts S =sin23 and A =0 in CP asymmetry,
deviations may signal about NP
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"Golden" mode B+ — ¢Ko’+

B — ¢Ks decay amplitudes

Let us derive the CP violation parameters in B — ¢Ks

| b 5,
A(B® — ¢K®) =1+ rel*9), _ s
- = _ . 0 qgi
A(B® = ¢R®) =1 + relC=9), B .
0
d > d }K

here r — NP or SM pollution amplitude,
0, — relative strong and weak phases
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"Golden" mode B+ — ¢Ko’+

CP violation parameters

Defining time-dependent CP asymmetry as

o) = T(B(0) = 0Ks) ~ T(B%(6) — oK)
ST T(BO(t) — oKs) + T(B(t) = 0Ks)
we obtain
agks(t) = Seks - sin(Amt) + Agk, - cos(Amt),
where _( =0 _0)
. i3 A(BY — ¢oK
_ _ —2iB
5¢K5 = Sin 2ﬁeff =Im |:e ,4(8()—)¢I<()):| s
A . |A¢K5’2—1 |/\ | . A(éo—>¢R0)
YT PosPH1 ST TA(BY 5 9KO)
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"Golden" mode B+ — ¢Ko’+

Allowed regions (CL = 90%)

Using decay amplitudes, we derive

1+ r? cos2p + 2r cos ¢ cos § r?sin2¢ + 2rsin ¢ cos

in2 = in2 2
Sin 20t 1+ r2 +2rcos(d + ¢) sin26+ 14 r2+2rcos(d + ) cos25,
2rsindsin @
A¢K5 = 5 .
14 r?+2rcosdcosp
sin 2 —0.74701
Belle and BaBar measurements: { - P, exp —0.132
Agks. oxp = —0.01 £ 0.14.
sin2 —sin23? A —0]?
sin 20 —sin 257 | 1Aoks =01y 652 (1,65 for 90% CL)
(O-Sinzﬁef'f, exp) (O-AthS, exp)
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L Geldentt mada B9 $KOT
Allowed regions (CL = 90%)

sin 28y —sin28* | |Agr, O
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L Geldentt mada B9 $KOT
Allowed regions (CL = 90%)
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"Golden" mode B®F — ¢K®F
Allowed regions (CL = 90%)

Excluded regions with any strong phase ¢ € [0, 7):

T
mm Allowed region B » ¢Ks

o i 2 3n/4 n 5n/4 3n/2 7n/4 2n
Weak phase ¢
Taking into account the absence of restrictions on the strong phase of the process, the

sensitivity of B — ¢Ks to NP significantly decreases
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"Golden" mode B%T — ¢Ko’+

CP violation in BT — ¢K™

Isospin-conjugated to the B® — ¢Ks mode, it has the same amplitudes?

We can assume that Agks = Apk+

At present, Acp in the BT — ¢K™ channel has been measured only by the BaBar:
Acp(BT — ¢(1020)K™) = Apk+ exp = (12.8 £ 4.4 £1.3)%.

The detected direct CP violation differs from 0 by 2.8 standard deviations

It is unclear why other collaborations (Belle, Belle I, LHCb) have not made similar
measurements
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"Golden" mode B%F — ¢K°’+

CP violation in BT — ¢K™*
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New Bt — KT KtK~ method

NP in amplitudes interference

A new method for NP searching in BT — KTKTK™ decay is developed
The method uses interference between penguin b — s5s and tree b — cCs diagrams

There is the scalar resonance xco(1P) in tree amplitude

The process’s strong phase changes near the resonance pole

XCO(lP) IG(JPC)=0+(0++)
Xc0(1P) MASS 3414.71 £0.30 MeV

Xco(1P) WIDTH 10.5 £0.8 MeV (S =1.1)
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New Bt — KT KtK~ method

BT — xcoKT — KTK~ K™ amplitudes

_ ~ sl
b E}XCO C u K
Bt %4 Xc0 (
b 3 c U
b . S +
B+('u > u }K+ u > u}KJr E}K
(a) Bt - KTK*K™ (penguin) (b) BT = xcoK™ (tree) (c) xco = KtTK™
2
AP = |1+ re/U52) 4 aelT [Agy (miz) + Apw(m3s)] |+ Asw(mf) =
Al Itre ™7 [Asw (m33) + Agw(mss)] sw (mj;) (w2 — ) — imoTs
penguin tree y
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New Bt — KT KtK~ method

Bt — KTK*K~ (Belle data)
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Here is how KK~ invariant masses look like %, 29 |-
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New Bt — KT KtK~ method

Dalitz plot (MC)

. . 2
AR (s, m3s) = |14 150 o aelT [Agyy () + Agw(m3s)]|

We perform toy Monte Carlo to get data-like
distributions

Generation parameters:
a=193 (40.18)

0r =1.94r  (40.067)
r=0

We extract NP amplitude r by fitting generated

ot ot Dalitz plot for both BT and B~ at the same time
5 10 15 20 25
2, GeV?

m2
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New Bt — KT KtK~ method

Dalitz fit projections (MC)

. . 2
|A|2 _ ‘1 + rel(5:t<,0) + aeléT [ABW(m%3) + ABW(m§3)]‘
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T %
&eo G60 .
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9 £
= 5]
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New Bt — KT KtK~ method

Ensemble of fits (MC)

8351 90% CL
defo,m) g
o
For many phases from ) 5 30r
pelo,2m), g
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New Bt — KT KtK~ method

Methods comparison (CL = 90%)

We compare methods by imposing B — KKK extraction errors on B — ¢K regions

6=0n
wm Allowed region B - ¢Ks

mm Allowed region B+ - y.K+

o n/4 n2 3n/4 n 5n/4  3n/2  Tnjd 2n
Weak phase ¢

(a)o=0

Dmitry Gavrilov

Search for NP in Bt — KtKTK—

T
6 =0.25n
e Allowed region B - ¢Ks

0.8 = ! mm Al dregion BT - x K+

n/2 3n/4 m 5n/4  3nf2  Tnj4 2n
Weak phase ¢

™

(b)5=7

August 22, 2025, 22nd LomCon 18 /22



New Bt — KT KtK~ method

Methods comparison (CL = 90%)
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The B — KKK method has a significant advantage when § # 0
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Acp interpretation (LHCb data)

b — u contribution in BT — KTKTK~ decay

According to the latest measurement by the LHCb collaboration,
Acp(BF — KEKTK™) = —0.037 £ 0.002 + 0.002 + 0.003  (8.50)

In the Standard Model there is an amplitude b — u that leads to CP violation

u .
e o
b U}K

s The same formulas, but © = ~,
B+ (:

Vg V*
rae v = arg <_Vuj V‘:f’) ~ 66°
c cb

It is necessary to have a way to determine the nature of the CP violation
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Acp interpretation (LHCb data)

b — u contribution in BT — KTKTK~ decay

Goal: extract the weak phase ¢ and compare it with that in SM
Consider the case where either b — u or NP is present

We perform Monte Carlo simulation for r, § such that Acp = Acp LHcb

® rie = 0.022, o riir = 0.024 +0.002,

® S¢rue = 1.375m, o g = 1377700,

® pirue =7 = 0.368T, ° pfir = 0.39m108T,

® are = 1.930, o ap = 1.950 £ 0.012,

® 07, true = 1.940m, e 07, fir = 1.9407 £ 0.004.

0=97/8 107/8 | 117/8 | 127/8 | 137/8 | 147/8 | 157/8
Yerror = 0.047 | 0.077 | 0.057 | 0.047 | 0.057 | 0.067 | 0.037

The accuracy is high enough for precision verification of the Standard Model
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Conclusion

Findings

"Golden" mode B — ¢Ks has a significant disadvantage

A new method for finding NP in BT — KTKTK™ is developed

The method provides better sensitivity to NP thanks to the x.o(1P) resonance
The new method has potential for use at LHCb
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