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Time - dependent beauty to %

- open charm analyses @ LHCb

e Determine CP coefficients related to weak phases 3, v, Bs
e Require tagging the initial BOs) flavour

e Require a time-dependent analysis to observe the meson
oscillations

e Fit the decay-time-dependent decay rates

e Also requires knowledge of external parameters e.g. [, Al', Am

check also: Beauty to open charm final states at LHCb
by Wojciech Krupa
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CP violation in B*-D*D*decays &uch

The University of Manchester

e First measurement of CPV in B —»D™**D¥ in LHCb

e b — ccd transition with tree, penguin and exchange diagrams,
expect mixing-induced CPV and possible direct CPV contributions

P W d
D+ D+
BO
¢ B T ) E D~ : = \‘\E D~
d > d d
//C D~ B - D+
b > d b d
AT w C L0 d“gz:;::;f“ <: )
\\ D+ ) D-
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e Not a CP eigenstate: four decay-rates for H ><f: D**D
B° and BY events to f and f final states, eg Ay 7. pp*
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The formalism sk

The University of Manchester

external

e The TD decay rate input

—— CP coefficient

dI'z0 ((%
) _ e /™(1+ Apsp) [1 + (Sp+p + ASp:p) sin(Amt) — (Cp-p + ACp+p) COS(Amt)]

dt
e where the CP coefficients are (HFLAV convention)

1 , _
Spp = 5(S5 + S7), g, = 2ms o, - L= 1A
2 ATV ATV T pAy

1
ASD*D == i(Sf - SJT'),

Cpp = %(Cf +C5), A (|Af|2 + |f‘_1f|2) - (|Af|2 + |f_1f|2)

T (1A + 1AR) + (1472 + |Agl2)

1

Sp*p =-sin(23) if
we neglect penguin contributions to the D*D amplitudes
strong phase between B°—D*+D- and B0—D*-D+ is 0, and the amplitudes are the same
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The analysis e

The University of Manchester

e Use the full data sample 2011-2018, ~9 fb™

e Decay reconstructed as BO—D**(DOrtt) D- with DO—K-rt+ and
DO—- K-trrrr1tH, D-— K-t

e Split into four data samples: (K3, Kr) x (Runi1, Run2)

e A decay-time fit is performed simultaneously on the four data
samples to measure the CP coefficients
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THE

Results %

The University of Manchester

The most precise single measurement of CP violation in this decay
channel to date

Sp+p = —0.861 £ 0.077 (stat) 4= 0.019 (syst)
ASp«p = 0.019 £ 0.075 (stat) % 0.012 (syst)

Cp+p = —0.059 £ 0.092 (stat) = 0.020 (syst) NEW!
ACp+p = —0.031 £ 0.092 (stat) & 0.016 (syst)

Ap«p = 0.008 £ 0.014 (stat) + 0.006 (syst)

The hypothesis of CP conservation is excluded at more than 10
standard deviations, obtained using Wilk’s theorem

Cp-p and Ap-p are compatible with zero, indicating no CPV in decay

Fixing them to 0, sin(2(3) = Spp=-0.839+0.070, 1.90 away from WA

Compatible with previous measurements of Babar and Belle
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CP violation in B~ D+m* decays %

The University of Manchester

* B0 and Bo can both decay to same final state D via b—cW or
b—uW (analogous to B0%s— Ds*K%)

e |nterference obtained between mixing and decay for neutral B9

C

SH

-
ﬂ.-l-
W= d

W+ u

d U,C,t b u T _

R R N _ b C
_ I _ — _ + 0 _
By p W‘§ @,¢,1 §W+ d Bj d " Bi, a

Vub*xVed = A4 VeoxVud™ = A2

e \Weak phase difference is (y + 23) for BO

THE

ROYAL
SOCIETY

E. Gersabeck, Time-dependent measurement from beauty to open charm at LHCb



The formalism it

The University of Manchester

e The TD decay rates

I'go_,¢(t) ox e 1 +&cos(Am t) — Sysin(Amt)] eTrt]E:rlal
Tpo_7(t) ox e * [1 + Crcos(Amt) — Sysin(Amt)] —— CP coefficient

e where .
O, = \27/_ . =
f I

o 2rprsin [0 — (28 + )]
/ 1 +(r> ’
D
21 pye Sin [0 —I—%Q—F v)]
Sf —

> __
)

1 +(r3

e Need rpras an input: constrained from BaBar
and Belle

e 2[3: constrained from HFLAV
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The results e

The University of Manchester

e The values of St and St determined from a multidimensional
maximume- likelihood fit are interpreted in terms of 2[3+y, ror, and

the strong phase o g Jr———
s 40 LHCb E
o 35 —t— Data ~ (), =
Run 1 (Sfb-1) %’ 30; —;(())tallFKi > min :g
Sy = 0.058 £ 0.020 (stat) £ 0.011 (syst), é ?(5’ g(j;);n :
S7=0.038 £ 0.020 (stat) & 0.007 (syst), . L T Combinatorial

D¥7* mass [MeV/c?]

e Using roras an input: calculated with PDG values

T"'Dr — 0.0182 £+ 0.0012 4+ 0.0036

6 []

e The confidence intervals (68% CL) are

|sin(28 + )| € [0.77,1.0],
~v € [5,86]° U [185, 266]°

I N 1 %
LHCb

200

o o o | oA
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The B%— Ds*n- decays

The University of Manchester

e (Clean hadronic tree decay Vi

3050 iy e - i)

e The branching fraction of Bq— Dsrtt can be used to quantify:
e The magnitude of the CKM matrix element [Vl

e Non-factorisable strong interaction effects in b—u decays

e rpnessential for the TD Bqg— Drtanalysis, using the branching fraction

Of Ba—Dsrt fo+ [B(B°— Dfm)
rpr = tan b, >

e Using 5/fb: preliminary

B(B°— Dfrn~) = (19.4 + 1.8 (stat) & 1.4 (syst) £ 1.2(B)) x 1076  NEW!
T'Dr = 0.0163 == 0.0011 £ 0.0033

L Best precision, in agreement with the WA

SOCIETY
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Measurement of the CKM angle y 5 Hﬁé

e With Bs— DsTKE decays

e B and BY can both decay to same final state Ds¥K+=
e one via b — cW, the other via b = uW

Interference achieved by neutral B% mixing (requires knowledge of
—2Bs = Ps)

Vo

* Weak phase difference is (y — 2Bs) analogous to (y — 2B) for BO

For the recent 23s measurements, check out the talk of Peilian Li,
Beauty to charmonium decays at LHCb
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RSN The formalism %
The University of Manchester external

input

—— (CP coefficient

e The TD decay rate

dT o AT ¢ Al
BI~f0) _ Ty [cosh ( s ) n AfAF sinh( ) + Cf cos(Am ) — SfSln(Am t)]
dt 2 — 2

AU e L [cosh(—s) + AAF s1nh< ) — Cf cos(Am,t) + stin(AmSt)]
dt 2 2 — J
e Wwhere
1-rpk
Cs 1472
A?F _ —2rpx cos(d — (v — 26s)) AAT _ —2rp,x cos(d + (v — 26s))
1+7hx - 1+ rhk |
s _ 2rp.x sin(d — (y — 265)) 5 _ —2rp, K sin(d + (7 — 2065))
r= 1472 IR 1+7hk |
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The resuits iy

The University of Manchester

e Fit for decay-time-dependent asymmetry
Run 1 (3fb1)

: o4 LHCb - : 04F LHCb 1 Cy 0.730 £ 0.142 £+ 0.045
:s 02f + : :s 02p + + . A?F 0.387 £ 0.277 £+ 0.153
o N S S AT 0.308 + 0.275 + 0.152
-02f : -02F : S —0.519 £ 0.202 £+ 0.070
04F . 04F ] Sf —0.489 £ 0.196 £ 0.068

! t(%é—) DIK") (r)ﬁ%)dulo (27:/21'3‘) [ps] ’ r((z)é§}—> D;K*) (r)ﬂ%)dulo (27:/2}3_9 [ps]

e The results are interpreted in terms of rpsk, 0, v

:w 0.8 R 1 | I I ] o: 450 I I | I A 1_ : |
=t LHCb | < LHCb Y I LHCb
. N 0.8
0.6 i “ 400} - i
: : : : 0.6~
0.4 - :
[ | 350} R _
I ] I | 04 6839
02 | :
I ] 300~ R 0L
[ confours hold 68.3%, 95.5% CL, |  confours hold 68.3%, 955% CL, | | - 955%
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7 [°] /4 °
v [°]
THE
ROYAL
SOCIETY

E. Gersabeck, Time-dependent measurement from beauty to open charm at LHCb

13



The constrains on y sk

The University of Manchester

Matt Kenzie, FPCP 2020

) 1 - ' | | I | ' ]
Q|) i ‘Moriond 2020 \: _ +4.1\°
— 0.8 — U B* decays | /= (72.1—4.5)
n BZ decays |
0.6 w1  Indirect constraints are
3 i = (65.71,9) ( ~ 20)
I i /= 107 o
o N 68.3% -
I i Comparison between
021" 1 BY%and B+ initial state
e\ 11 1 A% ~ 20
0 100 150
o
Y [°]
For the status update, check out Time-integrated measurements of the
CKM angle gamma at LHCb by Sneha Made
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Summary and prospects %

The University of Manchester

e Today: Time-dependent measurements using:
e B0 —»D*D* decays (CKM angle 23)

e B;—DsT¥K=decays (CKM angle y): with LHCb upgrade 2, we can
reach 1°

e BO—D~r= decays (CKM angle vy)

e The Bo—Dg*r+ decays: essential input to study the CP asymmetries

' 0 FrE .
in BO=Dre future projections
B, - DFK™ B’ —» D r*
Parameters Runl 23fb™' 50fb~! 300fb~' 236 50fb™" 300fb*
St S¢ 020 0.043 0027 0.011 0.02 0.0041 0.0026 0.0010
AFT,ART 028 0065 0039 0016 - - -
C; 0.14 0.030 0017  0.007 - - -

e Working towards finishing the Run2 analyses and adding new
decay channels such as Bs— Ds*¥K+t+1t, excited D and D* modes,
etc.
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The University of Manchester

e check out also:
e dpsfrom Bs— DstDs-[PRL 113, 211801]

e Penguin pollution constraint on sin(2p) from B — D+*D-[PRL 117,

261801]

e Bs—Bsmixing frequency from Bs— Dsrt [NJP 15 (2013) 053021]
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Prospects for —2f3s = ¢ps  o<v18/207635

Previous TD B20C analyses
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Taggers at LHCb

The University of Manchester
Primary vertex

». SS proton Secondary vertex
»‘ SS pion ‘:
B° ®-

AR Y

same side (SS)

opposite side (OS)

Secondary vertex
css ____—-?‘ OS kaon
b— X~
— OS muon
OS electron
OS vertex charge
OS charm
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More formalism (B°—D*+D~ decays) ﬁ I!C@

The University of Manchester

drégéf ) _ e /(1 4+ Ap-p) :1 + (Sp+p + ASp-p) sin(Amt) — (Cp-p + ACp-p) COS(Amt):
dFB(;,ff(t) — e t"(1 4+ Ap-p) :1 — (Sp=p + ASp«p) sin(Amt) + (Cp-p + ACp«p) COS(Amt):
dFE(;%f(t) — e/7(1 — Ap-p) :1 + (ASp+p — Sp+p) sin(Amt) — (ACp«p — Cp+p) COS(Amt):
dFB(;)I,ff(t) — o "(1— Ap-p) :1 — (ASp+p — Sp+p) sin(Amt) + (ACp«p — Cp+p) cos(Amt):

dl'(t) et/
df‘;) — 87‘d (1+TAD*D)X

[1 — d(Sp«p + rASp-p)sin(Amt) + d(Cp+p + rACp«p) cos(Amt)]

2| Af || Ay | Sin(Pmix + Paec — )

Sy = A ’
| Ap 2+ | Af |2
_2|A—||A‘|Sin(¢mix+¢de0+5f)
Spe . f = —a A
2 i12)$ = _Sln(¢mix + ¢dec =+ 5D*D)' Sf | Af |2 + | Af |2 |
\/]- - CD*:ED:F A
Ap P = Af P
Cr =t
Af 2 + f}f 2
o, = AP =14 F
THE |2 17
ROYAL Af " Af
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Systematic uncertainties

The University of Manchester

(Bo—D**D+decays)
Source ACp+p Cp+p ASp+p Spp
Fit bias 0.002 0.002 0.002 0.002
Mass model 0.006 0.014 0.003 0.011
Amg, 14, Ay 0.001 0.003 0.001 0.001
Decay-time resolution <0.001 <0.001 <0.001 <0.001
Decay-time acceptance <0.001 <0.001 <0.001 <0.001
Flavour tagging 0.015 0.014 0.012 0.015
Total syst. uncertainty 0.016 0.020 0.012 0.019
Source AKmnm Runl A Run? K'm Runl K'm Run
Fit bias 0.0013 0.0007 0.0008 0.0004
Mass model 0.0025 0.0024 0.0021 0.0016
Amg, 14, Ay 0.0003 0.0002 0.0002 0.0001
Decay-time resolution 0.0002 0.0001 0.0001 0.0001
Decay-time acceptance 0.0003 0.0001 0.0002 0.0001
Flavour tagging 0.0001 0.0001 0.0001 0.0001
ROY Total syst. uncertainty 0.0028 0.0025 0.0023 0.0016
SOCIETY
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More formalism (Bs— DsK decays)%

O e LY. P IR el UV
ALY R A P
Sf B ZIm()\f) AAF B —27?,6()\10)

LY A A P WE
ZZm()\?) AT —2726()\7)

— AT = .
FZTH 2 7 T TP
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LRSSIEY Data fits to Bs— Dsh decays

The University of Manchester

e Bs—Dsrt

~ . o —— - ~ 4000 T
O (q\l
N LHCb —+Daa = LHCb | = S LHCb
> 10*F —— Total fit =" S =
= S A Signal B — Dy~ = . g < 00 ﬁfiﬁpéigﬁi time
- i Bl B! > DK* v 10°E ] > — ]
< L o ® E o] @ [ D
v 3 C By D n S u 3 % 2000 -+ Data ]
10 A > A R g N i
3 1B; - D'n* -8 = = :
§ [ Combinatorial § @) 6’ 1000 -7 7 N T T e -
E 2 10
Q 2 O
_%{ """ _
5300 5400 5500 5600 5700 58 1940 1960 1980 2000 10 12 14
m(D_7*) [MeV/c?] m(K*K -, ntn~n, K- nx*) [MeV/c?] In(L(7/K)) t(B’— D, *) [ps]
e Bs—DsK
12000 T T = -
2 1000 LHCb Z= 200 S o 2z AR R AR
— — loftal 11 — o
é) ....... Slgnal B? N D?I(i % 600 g 2 LHCb
S 800- B DSFK™  — = = S 102l - Acceptance
- Il B, — DY (n*,p) % @ Z F — Fit to decay time ]
— 600- W B, - D'(K* x-S 400 I3} 2 ~+ Data
~ A >Dp Z 3 S [ e g
& 400 A - ALK T8 g e ;
”C:; 200 I Combinatorial % 200 8 § 10 ? =
=) =t r
S % i
(2)“ i L o, e 2 Ml —— E A S 'LL-!"'
= } N 2 —
5300 5400 5500 5600 5700 58 -2 1 T L L B RN — ot R T R Rt
m(D]K*) [MeV/c?] 40 0 R O e I 3 i 5 54 6 8 10 12 14
. mE K, www, Koaa) [Mevie In(L(K/ 7)) #B° = D*K*) [ps]
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The University of Manchester

Systematic uncertainties

éilgcb

Bs— DsK decays
Source Cy APt A2Y S £
Detection asymmetry 0.02 0.28 0.29 0.02 0.02
Amyg 0.11 0.02 0.02 0.20 0.20
Tagging and scale factor 0.18 0.02 0.02 0.16 0.18
Tagging asymmetry 0.02 0.00 0.00 0.02 0.02
Correlation among observables 0.20 0.38 0.38 0.20 0.18
Closure test 0.13 0.19 0.19 0.12 0.12
Acceptance, simulation ratio 0.01 0.10 0.10 0.01 0.01
Acceptance data fit, I'y, Al 0.01 0.18 0.17 0.00 0.00
Total 0.32 0.55 0.55 0.35 0.35
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Flavour tagging performance

The University of Manchester

Bs— Dsmm decays
B — Dym* Etag [ /0] Eett /0]
OS only 1294 +0.11 1.41 £0.11
SS only 39.70 £0.16 1.2940.13
Both OS and SS 24.21 £0.14 3.10£0.18
Total 76.85 £0.24 5.80 £ 0.25
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Tagging (B°— D+ decays)

The University of Manchester

s0-55"I""I""I""I"" 30-55""|"" T T T i
500 45} LHCb 500 45} LHCb -
é 0.4f OS taggers é 0.4F SS taggers E
3035 0351 _
3 03f 3 03
< C < -
< 0.25} < 0.25)
0.2f 0.2F
0.15} 0.15}
0.1f 0.1F
0.05 005}
O D, L Ly L l: ] 1 T | Ly ]
01 02 03 04 05 0.1 0.2 03 04 05
Sy — (A7 — AT)S; 4 o(B%) — o(BY) A — e(f)—e(f) (A~ —ANHS; — (A — ApA™T)(1 + Ap)Sy,
Cr— (A~ = A)C; " 0(BY) + o(BY)’ P e +e(f) (A= ANC; = (A — ApAT)(1 + Ap)Cy,
- 1 i
Ai ;Eos [1 — Egs T dos (1 — E&ss — 2(*‘}(7705)(1 + 588)) Ai - Zgossss L +Z dj (1 B 2w(nj)) + dOSdSS (1 B 2w(”7j) + 2w(nos)w(nss))]
. | j=08,8sS
) ) :
+ 2608 [1 T dos(l ~ ss — 2(11os) (1 * 655))_ + }leossss 1 +Z d; ( — 20(n;) ) + dosdss (1 — 2w(n;) + 2‘7(7708)5(7788))]
| j=0s8,88
THE 8tag<D2> . (559 i 001)%
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- . s
= Decay-time-dependent signal- :
yield asymmetries (B°— D+ decays)

~ 05—~ 025 —
S 02F = S 02F }L =
- LHCb - - LHCb -
B 015F 4 oust E
E 0.1F - E
> 0.05F 7
N e et 5
£ —005F i 3,
'c_éo —0.1F césJJ
3 —0.15 3 E A
—02F = : | |
s 10 5 10
Decay time [ps] Decay time [ps
I'gof(t) — I'go_, 7(¢)
favoured modes  Ar = el =/
I'poy(t) + g, 5(t)
['s t) — I'go_, 7(t
suppressed modes Ag = 501(8) = Do )
[5o_,+(t) + T'po7(2)
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Systematic uncertainties ﬁHClé

The University of Manchester

(BO—D+*mr* decays)

Source St S
uncertainty of Am 0.0073 0.0061
fit biases 0.0068 0.0018
background subtraction 0.0042 0.0023
PID efficiencies 0.0008 0.0008
flavour-tagging models 0.0011 0.0015
flavour-tagging efficiency asymmetries 0.0012 0.0015
e(t) model 0.0007 0.0007
assumption on AT 0.0007 0.0007
decay-time resolution 0.0012 0.0008
assumption on C 0.0006 0.0006
total 0.0111 0.0073
statistical uncertainty 0.0198 0.0199
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The University of Manchester
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Further results (B°— Ds*n- decays)

225000 LHCb Zagpusan oo D
O N <eees Bl DI Bl—» D,
E 2000 — [ CombinatorialRanDs [ CombinatorialRanDs
= B CombinatorialTrueDs I CombinatorialTrueDs
2 1500 R =
9\ B D m B >D'n
had B > D.p I B, > D p*
=~ B! > DK B! - D'K*
§ 1000_ x¥ndof=0.9 )ﬁf:l.o
= C
e
5 008 = 5000
8 Lk : 8 Lk /
U 4 st | Lo ] U 4 : S, | |,
O bt o WWMWMWWWW
5 1l
4 ‘ ' 4= ' '
5200 5400 5600 5800 5200 5400 5600 5800
m(D_7w*) [MeV/c?] m(D_7*) [MeV/c?]
(2) Run 1 (b) Run 2
Run 1 Run 2

0.1412 +0.0010 0.1922 + 0.0012
0.3485 +0.0016  0.4536 + 0.0016
497052 4+ 1287 629423 + 1639

(252 £0.13) x 1073

(9.38 & 0.16) x 102

(5.39 & 0.15) x 102

€goyptn- (70)
€gop-nt+ (70)
Npo_,p—r+

B(B’— D~rt)
B(D-— K n—n™)
B(D;, - K K n™)

preliminary!
V| lane| = (3.14 +0.32) x 1073
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Systematic uncertainties ﬁHCIé

The University of Manchester

(B9—Dstr- decays)
Source B(B'— Dfn™)
Fit model
Signal shape parametrisation 5.1%
B°— D}rn~ signal width 1.5%
B — Df7~ mean 0.2%
Partially reconstructed backgrounds 4.2%
MisID backgrounds 0.6%
Efficiencies
Hardware trigger efficiency 0.3%
BDT efficiency 1.1%
PID efficiency 1.1%
Total 7.0%
preliminary!
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