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The triangle
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Direct measurements : BPGGSZ

B-decay amplitudes: D-decay amplitudes:

contains y, accessible 1 need as input, accessible in
with LHCb datasets, both LHCb and BES-III

object of analysis datasets

B~ _
{rs, 0B, v} {A, A, bp}
'rBei(SB_y)
DK~
| A, |2 < A% + A%14 + 2AArgc0s(6p — (65 — 7)) );j\irgcosm
- rBSjn(d{; - ]’),
= A% + A%(x? + y2) + 244 (x_ cos(6p) + y_sin(5p)) »)
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Direct measurements : BPGGSZ

B-decay amplitudes:
contains y, accessible

with LHCb datasets,
object of analysis

D-decay amplitudes:
need as input, accessible in

both LHCb and BES-III
datasets

{rs, 0B, v} {A,A,6p)

DK™

| AL |? o< A%1r5 + A% + 2AArgc0s(8p + (65 + 7)) 5, scos
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Direct measurements : BPGGSZ

| Az < A2 + A% (x2 + y2) + 2AA (x_ cos(6p) + y_sin(6p))

| Afoe] < A% (x5 + y3) + A% + 244 (x4 cos(8p) — y4sin(dp))

B-decay amplitude: D-decay amplitude:
4 free parameters, 2 magnitudes, 1 phase
Contains vy, Depends on the final state 7, £
From fit to LHCb, B - [f]pK data Needed as an input
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D-decay input: f = Kem ™
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D-decay input: f = Kem ™

g J; AAsin(8p)ds,ds_

i =
\/fl. A? ds,ds [, A% ds,ds_

[PhysRevD.82.112006]

3.0 A

2.5 1

2.0 A

S+
[9)]

S
Bin Number

1.5 1

1.0

0.5 A

Most precise single measurement: (68.7123)° [Lich-PAPER2020-019]

Current world average: (66.4¥58)° [1rLav 2024]
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https://cds.cern.ch/record/2742273
https://inspirehep.net/literature/2854243
https://inspirehep.net/literature/873121

D-decay input: f = Kem ™

(4,4, 5p) e.g. J; AAsin(8p) ds,ds_
s

i =
\/fl. A? ds,ds [, A% ds,ds_

[PhysRevD.82.112006]

{A'/T' 5D} {A,/I, 5D}

= wr
Bin Number

S+

Most precise single measurement: (68.7123)° [Lich-PAPER2020-019]

Current world average: (66.4¥58)° [1rLav 2024]
(4,4,6p}
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https://cds.cern.ch/record/2742273
https://inspirehep.net/literature/2854243
https://inspirehep.net/literature/873121

The Phase-Correction method

o , [JHEP 09 (2023) 007]
fixed value floating in fit, contains
from a model 6 6 6 many parameters
3 3 3
3 3 3 " H " T, AR
2 2 LTy AL S 2
RIS I PR TN
1 1 ST paarloets Y | Bi
J 0 .Q o 0 bQQ J ;-n'g." 3.2 "~¢-("z. % pr B (QQ
53 9 + : L" Uc‘ 7‘ L° : o ‘.-Q:\
-1 -1 3'-«:,, i q { 8 . -1
B 1 1{ =, e, ¢ b o
3 -2 fixp 9 o -2
o84 :‘dc: ‘a ’:Pi’.
-3 ; =3 -3
1 2 3 1 2 3 1 2 3
S+ S+ S+

- No binning maximises statistical precision
- Phase-correction provides model-independency
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https://inspirehep.net/literature/2660852

The Phase-Correction method

[JHEP 09 (2023) 007]

fixed value floating in fit, contains
from a model many parameters
Op = O0p + O¢

| Az, | o< A2 + A% (x2 + y2) + 244 (x_ cos(6p + 6.) + y_sin(Sp + 6.))
Oc shared between
B* amplitudes

|Afoe] < A?(x5 + %) + A% + 2AA (x4 cos(Sp + ) — y4sin(Sp + 6¢))

g B-decay amplitude: D-decay amplitude: g Still D-decay amplitude: Jgum
contains y, from fit to input from the amplitude from fit using both LHCb
LHCb data, unchanged model, magnitude unchanged and BES-III data = =

- No binning maximises statistical precision
- Phase-correction provides model-independency
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https://inspirehep.net/literature/2660852

Finding the model-input difference

0.0 0.5 1.0

~Z_ - | z'
N — l Preserving the symmetry
N 2 5D(S—rS+) = _5D(5+75—)
1 )|
— / I
Oc = Cizj+1 Pi(Z+)P2j+1(Z—)
1=0 ] =0 Legendre polynomials, P:
Coefficients, C: functions of Dalitz
free in fit coordinate
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BES-III data

q 1{)( 10 C-odd
S
D1 _ /
e —e"
\DZ
quantum ~N 7

correlated S




BES-III data

CP-odd

CP-even

Flavour

Flavour

double

D, <

>D, - K"K~ CP-even

Dl € _|_>D2 — KSOT[O CP'Odd

>D, - K™t Flavour

>D, > K¥m~ Flavour

>D, - K2t~ double
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BES-III data

— — — — 2
DD} —DID; = Al « |Ap, Ap, — Ap, Ap, |

CP-even: A% — 2A4%A%cos(8p + 6,)
CP-odd: A%+ 24%A%cos(8p + 6,)

flavour: A2

flavour-bar: A%

double: A343 + A3435 —2A,4,A,A4, (cos(6D1 + 8¢, ) cos((SD2 +6¢,) + sin((SD1 + 8¢, ) sin(8p, + 0¢,))
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Input change: alter and test the model

3

peak on dalitz plane, using usual coordinates

nosition of bias
magnltude f /

S —S_ (S4—14)*  (s——pu-)?
f(s+, S_|A, &, 1, 0+) 2 A - erf ) exp ( 5 - >
of o~
width of bias

ensures Op Symmetry +
sum over many peakS smooths the boundary
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Input change: alter and test the model
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How realistic?

3.0 -
° 1.0 1 8
v
- 7 ? 7
6 0.5 . 6
2.0 - 5 )
58 ‘ e BES-III Experimental | & 53
g - model 3 ] E
£ S 0.0 4 m J§3°% calculation 2
154 4 £ & v §podel 4 527 calculation 4 o
M
3 ~0.5 1 + 3
1.0 1
2 2
9 v |:|+V
0.5 - 1 —1.0 1
055 ITO 1?5 2j0 275 3.lO _1|'0 _6.5 010 0!5 1j0

[arxiv:2503.22126]

[PhysRevD.82.112006] Ci

[PhysRevD.98.112012]

- Guide 1s from binned hadronic parameters measured experimentally
- Can quantify with a y# between them and calculated ones
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https://arxiv.org/abs/2503.22126
https://inspirehep.net/literature/1668123
https://inspirehep.net/literature/873121

Is y interested in the model-data difference (position)?

3 ‘ 0.4 3 0.4 0.4 0.4 0.4 0.4 0.4
02 . 0.2 . 02 . 02 0.2 02 02
2 g 7 ® CHEEN g R LA ®
o 00 & 0o 5 oo B 0o 5 Gl 0o 5 gl 0.0 % 0.0 s
ol el el e e N
N —0.2"™ . -2 ", —0.2" —n2™® —0.2"* . —02™ —n2™
5 -0.4 ~0.4 -0.4 -0.4 -0.4 -0.4 . -04
1 2z 3 1 2 1 2 1 2 2 3
."!'+ S+ Ry + .'.|L+ LY + kY + j-'+
i 0.4 3 0.4 0.4 0.4 0.4 0.4 0.4
. : : 2 2 2 2
. - e - g - ' g -
e . 00 = .. 0.0 = . 00 By . (VI 0.0 & el » 0.0 £ ed 0.0 =
et B b o . B .
: » —0.2"° . —02"% | - —0.2"% - —02" —0.2"% -02" —02"
—0.4 -0.4 -0.4 -0.4 —-0.4 -0.4 ‘ -0.4
1 2 3 1 2 1 2 1 2 2 3
N4 S S p S+ S+ 5+
3 0.4 3 0.4 0.4 0.4 0.4 0.4 0.4
, 0.2 o , 0.2 9 |- 0.2 o _ ™ 0.2 9 _ 0.2 o 0.2 9 0.2 o
o 0o = .0 8 00 Bl 0.0 g o 0.0 % o 0.0 g o 0.0 5
1 —0.2™" ;| —02™® —0.2" —0.2™ —0.2" —0.2™ . —0.2"®
. —0.4 —0.4 . 0.4 —0.4 —0.4 . 0.4 —0.4
1 2 3 1 2 1 3 1 : ' 2 2 3
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Change the model with 5énputat each point in phase space to see the effect on y and whether this
effect is visible in hadronic parameters
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: Input
Can we resolve a complicated o PH9

- Now consider summing many peaks
- More complicated for the polynomials

- Closer to what we expect from data
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: Input
Can we resolve a complicated o P29 Yes!

/original, alteration 3
3 4

S_
N
o

0.2

0.1

-0.1

-0.2

dc/rad
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S_

increase polynomial order

order 6
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dc/rad

order 7
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: Input
Can we resolve a complicated o P29 Yes!
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Conclusions and status

- Introduced the Phase-Correction Method

- Sensitivity studies show statistical-only uncertainty same as MD method
- Good progress to an unbinned MI gamma:

- Processed BES-III data ready for input

- Moving forwards with LHCb data processing and CP-fit

Thank you!
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Can we keep the precision? — Yes!

Uncertainty/0.01: o(x) o(y,;) o(x_) a(y_) o(y)
MD, unbinned | +0.81 +1.08 +0.89 +0.94 +43° || W fiopy
MI, binned| +0.96 +1.22 +1.08 +1.45 +5.2° — nula,,
PC, unbinned | +0.84 +1.04 +0.87 +0.99 +44° | 22;“;”2;”

Binned experimental +0.98 +1.23 +0.96 +1.14 [LHCb-PAPER-2020-019]

mzifoecf/zay& Orp. Uncertainties estimated from §imu.lz-1ti0n study:

Onsggy,. € rfaz”,ZZO” - Current LHCb/B].ES-IH il:rintnosnws

2ol i /Qi %ﬁre”[ - From 100 toys with a &, P

- Statistical-only uncertainties
- For sensitivity only, pure signal toys
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https://cds.cern.ch/record/2742273

Binned hadronic parameters

> {F;, F;, ¢;, 51}

integration

{Ar /T' 6D}

3.0 1

J; AAcos(6p) ds,ds_

~l

2.5

C; —
6 Fi= [, A?ds,ds, l [F.F,
" 2 F =fi I ds, ds. g = fl AAsin(6p) ds,ds_

w

VFiF;

1.0

[38]

0.5 4

[

Ol.5 1.|0 1.'5 2:0 2.5 3.0

|Aor|? < A%15 + A% + 2AA (x_ cos(6p) + y_sin(8p))

J |Aor|? dspds_ o« j {A%2 + A% + 2A4 (x_ cos(8p) + y_sin(8p))}dsyds. = F2 12 +F,° + 2FF, (x_c; + y_s;)
bin i

bin i
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Can we handle all shapes?

mean of pulls
mean of pulls
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Setup for final fit

Signal/Backg LHCb data:
C;; values an T Bt x
BES-III data: J Gausst .
5 K11t tass — and Consﬂfamt on OC Jix &Oﬁze parametensat = i 8K s hh
S & . covariances Lay ‘Z’”é’lem -ion Mass fibs channels
01/7[ B Oﬂ
804,

ased is
€ Jir

pmass P Joint D-amplitude + B-
"o (m)PSig (s4, S_) + meass mass fit
i

bkg (m)p
\ K.KK
l (e a0 5c)

A
bkg (S+, Ss)
binned fit

{TB, 6B1 y}
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