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How to get §, and related (charm) hadronic parameters ?

o dedicated experiments (CLEO-c, BES III) using quantum correlations,
running at (3770)

o CLEO-c: Ry, cos?d, sind (but also BES III result...)
> CLEO'C: R'KTWCO' 6KT”E0, R‘K3ﬂ:’ 6K3n

R;: coherence factor, can take any value from O to 1
indicates lack coherence between the intermediate states involved in the decay

o mixing/CPV results from BaBar, Belle, CDF, LHCDb...
o D»KK, nn: yop, Ar (BaBar, Belle, LHCD)

D->Klnn: x,y, |q/p|, ¢ (BaBar, Belle)

D-Klv: R, (BaBar, Belle...)

D>»Knaxn’: x"', y'' (BaBar)
D->Kn: x', y' (BaBar, Belle, CDF, LHCDb)

O oo e

(©]

(@)

(©)

(@)

o CLEO-c/BESIII, use external inputs to access the relevant physics parameters
o strong phases information in B-factories/LHCb
o X,y are also needed for D-mixing corrections in ADS observables

R =rl+ 1)+ 2r,r,c08(8,Fy+d,)
>R =1, +T1. +2T,T,C08(8,Fy+8,) — YyI,COSd, — YIyCOS(d,Fy) + XT,Sind, — X rysin(d,Fy)

= combine charm observables to obtain y and mixing/CPV charm parameters



~ 35 observables

8, grand combination a la HFAG

8 parameters-

X, y,éD , Iy, A

o, [al/Ipl. ¢, 8p(Kp)

% ---- ADS+GLW 3 Combined
1 I
CKM 14 --- GGSZ+ADS+GLW o All charm
Full Frequentist treatment on MC ba3|s
1-0 T T T T | T T T T | T T T T I I' | |
L .
! -
0.8 — ! —
1
]
!
g 0.6 — ’.'
© i
> L
Q 04
L i i
. 2 GGSZ
0.0 _L4 LLJ,JJT'».ZI'l-T’—u L1 l-'sl: L 1 \I~I\'|:'1—-l-4L_.L | ]
0 50 100 150 200 250 300 350

8(Km)

K (LHCb)
Kr (CDF)
10
K= (Belle)
Kn (BaBar)
8
Knn® (BaBar)

CLEO-c

[El

(1.64)
(0.57)
{_0.01 )
(3.10)
(3.37)

{1.88)

6_

BES Il
|:‘M

4
Kgnm (Belle)

K (BaBar)

(0.37)
; 0.36)

(1.08)

+ 0.90)

2_

A

y

CP

._\

+ 0.68 )

-_(1.82)

At

L i, i s e g v e

not a great fit (~ 30)"

CKM 14

0

(3] | l=—] -1 | =1 | =SR] | R | I S S| | Jieisi] s )

1 2 3 4

Pull (o)

(include K3=, Knn® info, see next slides)

All charm: 85" = (191.4732,)" (*3¢)
+GLW +ADS: 8" =

(193%;) (537)
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y and rg... (BaBar example)

analysis with 227x10°BB [PRL95, 121802 (2005]]
ry(DK)=0.12 +0.08 =0.03 = 0.04 r,(D'K)=0.17 =0.10 £0.03 =0.03
y = 70'+31"(stat)’;5(syst) "} (model)
analysis with 347x10°BB [hep—ex/0607104]
r.(DK)<0.140 0.017<r,(D'K)<0.203
y = 92°+471°(stat)+11°(syst)+12°(model)
uncertainty on y scales as 1/r; ! (rz =0 = no constraint on y)
DK case

‘ BABAR -

- preliminary

w)
=
'l

a(y) degree

if ry is small, the ry(true) found is biased to higher values and
the error on y is biased toward small values



[workshop on charm physics at threshold, Beijing, Oct 2011 |
The small g issue (J-Charles)

clearly in the rgz — 0 limit the interference disappears and there is no sensitivity
to the phase y

when the true value of rg is small, then the distribution of ' best fit values for
randomly generated data is biased towards larger values, until the experimental
errors are sufficiently small to exclude the rg ~ O region

on the other hand the error on 7y is roughly proportional to 1/rg, hence for small
rg it is biased towards smaller values

in the language of frequentist statistics it means that the usual Aln £ = 1/2 rule
does not work here, the 68%CL interval extracted from it does not cover the true
value of v at 68% frequency (undercoverage)

to correct for this effect one has to compute the actual distribution of the profile
log-likelihood, and from that distribution deduce a p-value or a CL interval

problem: as soon as the log-likelihood is not distributed as a x?, its distribution a
priori depends on the nuisance parameters, namely rg, dg etc.



Different treatments of the nuisance parameters

to compute the distributions of the log-likelihood depending on
the nuisance parameters v:
1. use the best fit estimate, v = v (plugin method): coverage not

p-value

not guaranteed if the true value of v is different from v

2. use the worst-case distribution: maximize the p-value over all
possible values of v (supremum method): coverage or overcoverage
guaranteed by construction

3. maximize the p-value-a well -chosen subspace v e N
(constrained supremum method, e.g. Berger-Boos)
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0.4

0.2

ntu-lll

E -- Plugin WA 08
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ersit . --- Asymptotic % e SUpremum
[ Berger-Boos

Full Frequentist treatment on MC basis
T L} 1 T T

A\ (summer 2008)
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1 e
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1-.“ T T 1
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[0 Berger-Boos

Full Frequentist treatment on MC basis
T T

A (summer 2011)

0
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40 B0 B0 100
t (deg)
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r;'s away from zero, dependence wrt nuisance parameters is now weak



GGSZ, GIW, ADS in charged B decays

BaBar

DK+D*K+DK"

Belle
DK+D*K

LHCDb
DK

BaBar

DK+D*K+DK"

Belle
DK+D *K

LHCDb
DK

GGSZ

GLW

X, =Ty C0os(dz*+y)and y, =y sin(d;+y)

0.4
excluded area has CL > 095
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B-

> DY (K nn)K™ Dalitz, AE and M,_ projections

|cos6,,.| < 0.8 and F > -0.7

Entries/5 MeV

120

-U.'I lJ
AE (GeV)

ll1

Signal
B—Din
BBbar
charm

UL LT L L TN Y .
E22 H24 L2 528

M, (GeVic’)

543

DK, D">Dn?

Entries/5 MeV

AE (GeV)

‘:':ignal I
B—[Dn'],.m
BBl

EHEE

—
th

Entries/2 MeV/ic?
—
[=]

= th

524 525 .
M, (GeVic’)

5.22

149

Entries/7.5 MeV

Entries/3 MeV/e®
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15

PRD 81, 112002 (2010)
657 X 10° BB pairs

10 B=f

5

=
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i s A \"-

N ah%a%
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y measurement with B » D(K nzx)K PRD 81, 112002 (2010)
657 X 10° BB pairs

X, =TIz COS(6gxY), YV, =T;SIn(d;*7y)

0.4

-0.2
-0.4
-0.4
X X
y=1(80.8 1121 +5.0+8.9) y =(73.9 705 +4.2 + 8.9)
r, =0.161 "0 + 0.011 79 r, =0.196 0073 +0.013 700%

55=(137.4 1139 +4.0+22.9  §5,=(341.7 3%+ 3.2+22.9)
combining both B modes (Dalitz): y =(78.4"9%+3.6+8.9)

CPV significance is 3.5 standard deviations
(model-dependent error will limit viability of this approach)



Binned Dalitz method : avoid the modeling
error by ''optimal'' binning of the Dalitz plot

Bondar and Poluektov
EPJ C55, 51 (2008)

[ choice of bins guided by model, but extraction
of y is not biased by this choice ]

-|-|m

minimize x” in fit to all bins for each mode

mzmi:-:} (GeV3ich

Expected number of B* DK™ events in bin i is:

NE =h{Ki+ 12K i+ 2/KiK j(waci+yss) b |

— ha
Ln M LR
TTFYFT T FIL]

—t
TTY[rre

i=0

|Bin Aumber i|

= PR W &= WM WM - R

g

1 2 3
mE{I{:.r:'} (GeVZich

—1.5—
? \CLEO [ o Belle K. is the # of events in bin i from a
1 | i:E"TE flavour -tagged sample (D™ - Dx*)
03 7 c, and s, contain information about
o- 4 '%7 the strong-phase difference in bin i
‘4 ! l _
0.5 TR (use CLEO data for ¢ (3770)-D° D’
1 ¢ | I here; can be measured by BES-III too)
_w Q)




772M BB

Binned Dalitz method result in B - DK g 35 112014 (2012)

B_|_ DD
B_

R —
L
L=~

o
=

Number of events
L&)
-

=
=]

nJ
o

> 0.3

X

[arXiv:1204.6561]

¥i/ndf 33.31/15
Prab 0.004247

N(E")-N(E)

&gam; - b3 L = LN
e l=E=1==1- - 1-E-E-1-

.-Iq.-IIE.uIEI..dlﬁl.E
Bi

o F
&

y=(77.3"17s 4.1 +4.3)
r; =0.145+ 0.030 =+ 0.010 +£0.011
5, =(129.9 + 15.0 + 3.8 + 4.7)

uncertainty in c,, s,
from CLEO data size

(can be reduced using
future BES-III data)



Fit for GLW Dh B> D BB
. . - DK ntinuum
KID< 0.6 (pion-like) KID> 0.6 (kaon -lik e?
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1004
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AE (GeV)

8 64202 46 B 10 12

10 12
NB* NB* NB" NB"
T 1 iy D
\DhID}DB = 5 (1 ??ADI ) *‘n"'"tgt Rh’fr €
T 1 iy rDw
N Dh ID<0.8 E (1 - ??ADI ) *‘n""tft Rh’fr (1 - E)
, 1 _
N7 hm}uﬁ :_': AD ) tot K
T 1 T Ti'w
N7 hID{Dﬁ Y (1- AD ) :"«:Et (1 - k)




B-Dh,D->Krt - R,

1 i
TD K _ \DER Yy arDw
N, Kip=08 = 7 (1 —nA"") N Rgyr €
1 i
DK L \DER Yy arDw .
N, Kip<os = 7 (1—nA™") N Fr/x (1—¢)
N Dr = Lo qar- ;
NoKID=08 = &7 ( ) t-:vt K
1
T L {7y arDw .
N7 ﬁm{uﬁ = 3 (1—=nA"") Ng& (1 - k)
kaon fake kaon eff pion eff pion fake
(1-¢€) € (1-r) K

MC 1470006 8541006 9542+£003 447+£0023 &«
data 1586040 84324039 08213£046 7.94x£031

Efficiency and fake rate (in %) for kaon and pion, for data and MC. e will be
fixed in the fit but « will be floated (see text for further explanations). These numbers
are obtained after properly weighting the values provided by PID group for SVD1 and
SVD2,



B-Dh,D-oKmr - R+ data (772 MBB)
B - D
D->KK,w B - DK
BB
continuum

h is a pion candidate (KID<0.6) h is a kaon candidate (KID>0.6)
B - Dh B"—-Dh"' B - Dh B"—-Dh'

—800 —800 —100 —~100
%mu L4 E 80 E 80
w 80 w BO
L= L=
= T = T
L=} L=}
= &0 = &0
g 80 g 80
2 40 2 40
LY w 305
2084 20%
108, 105 .

n u n "y »n n ol n T B o Tep, 5 i
0.1-0.05 0 0.05 0.10.15 0.2 0.25 0.3 0.1-0.05 0 0.05 0.10.15 0.2 0.25 0.3 0.1-0.05 II] ' 01,895 0 0.05 0101502025 3
A E (GeV) A E (GeV) A E (GeV)

w BOF w S0F
™l - ™l -
&n = &n =
o 50fF o 50F
£ a0f £ a0f
IE a0F IE a0F

20f 20f

10F 10F

n: dabgliE] . n_ il . n_ . i ; Fre n: ——— i ke D
8 64 -20 2 4 6 B 10 12 8 6420 2 4 6 B 10 12 -8-6-4-2024681!]12 8 6 -4 -20 2 4 6 8 1012
NB* NB* NB* NB*

= Ry  =(7.56+0.51)%, A, =(28.7+6.0)%
large asymmetry !!



GLW Results

Yields B-Dn B - DK
Do KTt 50432 + 243 3692 + 83
D- KK, 1t Tt 7696 + 106 582 +40

DK t’,Kqn 5745+91 476 + 37
cp. = 1.03+0.07+0.03
cp. = 1.13+0.09+0.05

R
R
Acp, =+0.29+0.06+0.02
A, =-0.12+0.06:0.01

systematics dominated by peaking background,

double ratio approximation
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Yields for the ADS mode B™ - [K'n |,K™ from 772 million BB events
PRL 106, 231803 (2011)

Fit AE and NB distributions together to extract signal

for NB> 0.9 for |AE| < 0.03 GeV
20 ;
18 -
2 16 < 50} — Signal
14 | S 40 |
- 12 ~ —_— [Kr|m
£'s g BB bked
E i ——
g 6 =20 5
w4 10l - G bkgd
2 5
%1 o0 01 02 o3 O

AE (GeV)

+15.1 First evidence obtained
56.0_;,, events with a significance of 3.8¢

+0.44 +0.07 _2 (including syst.)
RDK = (1°63 ~0.41 —0:13) X 10

_ +0.26 +0.04
ADK =-0.39 -0.28 -0.03



BaBar, Belle...

p-value

---- BaBar GLW+ADS
CKM 14 --- BaBar GGSZ
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GGSZ versus GLW+ADS

BaBar

Belle

rg (DK)

rg (DK)
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LHCDb




The LHCb detector

Int. J. Mod. Phys. A30(2015) 07

RICH DETECTORS

¢ Provide discrimination between kaons, pions and protons
between 5 and 100 GeV/c. Typical kaon ID ~95 % for~5 % m —
K mis-ID probability

3
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Cherenkov Angle (rads)
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GGSZ,B-»DK, D»K nx, KKK [arXiv:1806.01202]
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GGSZ,B-»DK, D»K nx, KKK [arXiv:1806.01202]
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quasi-GIW, quasi-ADS...

certain multi-body decays are almost pure CP-eigenstates:
= quasi-GLW, for example for D2>4x, 2F, -1 =0.737 = 0.028

other like ADS modes: for example DK =x’, coherence factor ~ 1
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GGSZ, B»DK, D>K nn, KKK

GLW, B>»DK, D>K'K ™, a'n”

ADS, B»DK, D>K"xn~

B->DK,D»x'n n’, K"K n° (quasi GLW)
B->DK, D»K'n n°, K3x (quasi ADS)

y(DK, GGSZ) = (80+10)

y(DK, GGSZ+GLW+ADS) = (66.472)

y(DK, GGSZ+GLW+ADS+QGLW +QADS) = (68.7'%2)

% --- DK, GGSZ
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D'K, DK', DKnn
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D'CPK_II+II_

Dy K*™
DK*~
D-=Kn
DK*~
D-K3m
DK ntnm~
D-=Kn

[HCb  —0.151 £ 0.033 0.276 +0.094 1.138 +0.029 + 0.902 % 0.087
[Ldt=5 fb-1 + 0.011 + 0.047 0.016 +0.112
[HCbKK  0.06 + 0.07 + _ 1.22 +0.09 + _
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y(DK, GGSZ) = (80+10)°

y(DK, GGSZ+GLW+ADS) = (66.47;3)°

y(DK, GGSZ+GLW+ADS+QGLW+QADS) =(68.7*>74)°

y(DK, GGSZ+GLW+ADS+QGLW+QADS; D'K, DK, DKxax) = (67.0°37)
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Experiment Acp+ Rcp+ Reference
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Iid%i_l 0.06 £ 0.03 = 0.01 0.06 = 0.03 = 0.01 PRD 90 (2014) 112002
Experiment X+ y+ X— y- Correlation Reference
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precision will be reached through

Ultimate y 'from' tree deCﬂYS many individual measurements
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