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Outline

' Measurements of time-dependent CP violation parameters ! s
- Bd JM# t#N [EPJC 79 (2019) 706]

- Bd JM$+$N [PLB 797 (2019) 134789]

. Direct CP asymmetry measurements in B*! J/" | * decays
[EPJC 79 (2019) 537]

| First isospin amplitudes studiesin! 21 J/1 1 ("% and! p! J/ ! °(")

see talk by Sheldon Stone on Tuesday



https://indico.cern.ch/event/868940/contributions/3815587/
https://indico.cern.ch/event/868940/contributions/3815587/
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small penguin shift (0.9+£9.8) mrad, less than statistical !( ! s)~0.031 rad

Peilian Li (Uni. Heidelberg) Beauty to Charmonium decays at LHCDb



l cInb! cecTransition

A
(Vo) §
ol )

~~
DA
VY

£ NP?? | ;

» Phase ¢s sensitive to physics beyond the SM even at high
energy scales that might be unaccessible in direct searches

> Physics BSM could enter in the B — BY mixing O(10%) 005 |
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1 sinB2! J/! h*h' at LHCb i

PLB 797 (2019) 134789
BY — Jju(— pt KK / \

BY = J/p(— ptp )mta

Inside the Velo

B Ries ~ 1cm

L4
L4
4

>l <

| Excellent decay time resolution ! (~45 fs fast B¢ oscillations T~350 fs
' Good tagging power~5%
' 'Very nice momentum resolution (! p/p=0.5-0.8%)
! ldentibcation: "(h! h) ~90%, " ,~97%
I Time-dependent measurements
LHCb measurements with 2015 (0.3 fb-1)+2016 (1.6 fb1)
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| sinBY! J/! h*h' at LHCb e

PLB 797 (2019) 134789

BY — J/p(— p T ) KTK™ B — Jjop(— ptp )t

¥ Relatively large BF, O(10-3) ¥ BF, O(104)

¥ Final state is a mixture of CP-event ¥ Dominated by CP-odd components
(L=0, 2) and CP-odd (L=1) components ¥ Allows to measure ! s, " H

¥Allows to obtain! s, " s, #' s, #ms

Moo= "L AT =T, — Ty, Ams=my— my
B >= p|B} > +q|B) > H: Heavy mass eigenstate
By >= p|Bg > _q|B(s) > L: Light mass eigenstate

p Ar Ar=< f|B2 >
|$|=1 within SM prediction of no CPV

Parametrize the CP Violation with: A =17

Angular analysis is required to disentangle CP-even and CP-odd
Pnal states admixture
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| sinBY! J/! h*h' at LHCb e

PLB 797 (2019) 134789

The distribution of the decay-time and angles is described as:

d'r
dtd0 ™ Zk fk(Q) (1 — 2W) & G(t‘at)

» f(Q2) - angular functions

> - efficiency as a function of decay time and angles

» w mistag probability of flavour tagging

» o: decay time resolution

> = e ' (akcosh25st + bysinh®5st + crcos(Amst) + disim(Amst))
Helicity angles formalism Uy
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1 sinBY! J/! h*h' at LHCDb B

PLB 797 (2019) 134789

BY = J/p(— pt T )KT K™ B — J/ip(— ptp )t

6 M(K*K-) bins in # mass region
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* S-wave contributions differ in different
M(K*K-) bins

* Observables ! 5, %Im s, 1%, %

* Consider all possible resonances
*Fix 'm s=17.757 ps-1 and %=0.6995 ps-1
* Assume same ! ;& &for all the resonances

' Fit to 3 helicity angles and B? candidates decay time +( M($*$N) forB2 1 J/ 1" )
S S
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| sinBY! J/! h*h' at LHCb e

PLB 797 (2019) 134789

BY = J/p(—= ptp)mta™
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| s= (-0.080 + 0.041 9.006) rad * CP-odd is greater than 97% at 95% C.L.
$| = 1.012 +0.016 +0.006 : l s= (-0.057 + 0.060 H.011) rad
: — 0 .08 ~
" s=(0.077 £ 0.008 + 0.003) Hs : 1] =1.01"4ge £ 0.02
" ¢" g0 = (-0.0041 + 0.0024 + 0.0015)ps ! " s=(0.0813 £ 0.0048) ps
Im <=(17.703 + 0.059 + 0.018) ps : " H-" 8% =(-0.050 = 0.004 +0.004) ps
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! S ComblnathnS EPJC 79 (2019) 706

LHCb combination

| 1.=(004020025)rad | ew|
#) = 0.991 $©.010 S B

" ¢=(0.0813 + 0.0048) s |

| "s" = (-0.0024 + 0.0018) ps|

0.08: J/wKJrK_ 4.

0.06

| s consistent with SM prediction with no CPV
|#|consistent with 1, no direct CPV 1 ||
. . ) . -0.4 -0.2 -0.0 0.2 0.4
" " ¢ consistent with HQE prediction ¢, [rad]

'z 014 vos MY
Latest world-average value: ; o
(A'lo = 1.15)
| ¢= (-0.051 + 0.023) rad o
_ CMS 19.7 fb!
dominated by LHCb% 0.10
CDF 9.6 fb!
SM Prediction: 0.08
| SM — (] 0.00092 h includes results
" S ( - 00368 ! 0.00075 | 0.06 shown in this talk
04 02  -00 0.2 '03'
¢Ccs[rad]
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| - combinations

pogf ! MG

CMS 19.7 fb !

0.10

0.08 Cowbined

0.06

68% CL contours
(Alog £ =1.15)

CDF 9.6 fb !

04 02 00 02

l s= (-0.055 £+ 0.021) rad
#" s=(0.0764 £0.0024) pst

o4

6 [rad]

v;' | ! ! ! | ! ! ! |
Z 0.121 ATLAS i
5” | CMS, J/iwK'K~, 116.1 fb™ {s=7,8,and 13 TeV |
68% CL contours
0.1 arXiv: 2001.07115 ]
- LHCb, J/wK*K™, 4.9 fo +«——SM
0.08 I LHCb, all channels, 4.9 fo”
0.06 i ATLAS, J/yK*K™, 99.7 b N
| L L L | L L L |
-0.2 0 0.2
9, Irad]

some deviation in ATLAS, CMS, and
LHCDb, but still consistent with SM
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Direct CP asymmetry in B*! J/" 1+

[EPJC 79 (2019) 537]

B+l J/" !+ proceeds predominantly via ab! ced transition involving tree and
penguin amplitudes

Interference between these two amplitudes can leads to direct CP violation

B(B™— Jfibp~) — B(B™ = Jfpp™)

P

No precise prediction for ACP exists, expected to have an
absolute value < 0.35 assuming isospin symmetry
between the B%! J/"!10and B*! J/M !+

ACP _ o J /Y
B(B~— Jjbp~) + B(B"— Jjbp") /
Bt @) : W+ o

ACP places constraints on penguin effects (! ' 579) in the
measurements of the CP-violating phase ! s assuming
SU(3) Ravor symmetry and neglecting exchange and
annihilation diagrams [PLB742(2015)38-49]
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Direct CP asymmetry in B*! J/" 1+

[EPJC 79 (2019) 537]

2D [m(J/"# *#°) & m(#*$P] simultaneous bt to 2011 and 2012 data
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—— Data
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B — Jipp*

e Bt — Jhpmwtr0 (non res)
Combinatorial

Bt — Jjip K** part reco
B — Jhp ¢ part reco

BT — Jhp K** mis ID

L
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Candidates / (11.67 MeV/c?)

—_ Da:ca
LHCb 2012

—— Sum

Bt — Jhpp*

Bt — JipmtnO (non res)
Combinatorial

Bt — JhY K** part reco
B%— J/ ¢ part reco

Bt — Jip K** mis ID

--------------------------

J/" K+ as control channel
Np+osgmpt  EB+sJwK+ 1
B(BT— Jp")=B(BT— JYK™) x P % X
( /¢,0 ) ( /%D ) NB+—>J/¢K+ EB+—Jhppt B(WO—> ’Y’Y)
= (3.811925 +0.35) x 1075
A (BT — Jhppt) = —0.04515:035 £ 0.008|

consistent with the measurements using B% J/" 1 9decays

[PLB742(2015)38-49]
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Summary & Prospects

' Time-dependent CP violation measurement for ! sinthe b! ces transitions are
presented, and the world average is dominated by LHCbOs measurements

' Direct CP asymmetry measurement in B*! J/" I “would be helpful to place better
constraint on the penguin contributionin! s

' Measurements with full Run 2 data (6 fb-1) and with more decay channels are in good
progress, more precise measurements come soon

= 1000; [arXiv:1812.07638] | ' Exploring more decay modes:
El | LHOD © Buna | (1 ed, " #$,"%%$$)
g 100 : | Careful consideration for penguin
S O o e beng
= * y|¥ contribution
= 101 « B = ¢29)0 ® | x . . .
S . BSAD;D; R° . v ' Independent CP violation effects in each
O  J/uK*TK~ high mass un . . .
o o U polarization state
| e | Improved measurements of B-mixing
1 === &, central value [CKMFitter Summer 2016] i parameters and Ilfetlme
o1 5 2350 300
Integrated Luminosity [fb~] Stay tuned!
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Penguin Pollution in !

Ai(b — cCs) = (1—%2).»4 [l—l—e ;i0 ew]

SU(3) : ai&=a, "&=". Ai(b = ced) = —A4, {1 +ae” W]
extract #( sPe"9(ai&,'i&) #)Pen9(ai,' i) from t to CP parmeters a; e e vV, S2M;mBMfh 212! * ceRd)

- c Penguin-
Penguin Exchange A
I g ,@W 9 / Annihilation

C
C ‘olour Singlet, c
xchange , .
/ / _- -
!/ ’ /’ -
! ql Colour Singlet,” -
/
< . Ex hang% ’ q ¢
u,c,t BY Colour Singlet
/! q Exchange ,
/
X By W X b Y c . q

Studied at LHCb with 3 fb1: ‘ ‘ 7
*Bol J/M 10 (BF, C & S) [PLB742(2015)38-49]

Tree

*BO! J/"K *0 (BF & C), has no PA and PE [JHEP11(2015)08 ARty e Biiarrsaradit
0.0k a) = 0.07Zy0; CII(B — J/1p") :
| . ; ' 9” (85"‘%3) S” BO — J/¢p) ‘
- Measure penguin phase shift for each - 39;555 L AC(B > 36K
. . r— 68 7% C.L. 0
polarization state (0, ! , ||, S) S 0 oL = H|(B°— J/40")
0.6 frm Hy(BY = J/yK")
Ad) = 0.000t%'%%)%;(stat J_’%'.%%i(syst) @_2'2.
Aol = 0.001729 (stat) & 0.008(syst) 03
A¢y = 0.00373%15(stat) & 0.008(syst) 028
0.1

0.055

small penguin shift w.r.t. experimental precision S T e _3(:9”[21eg]
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Time-dependent Angular Function

d*T'(BY — Jh) ¢

Do S halt) ()

ATt ) ATt )
hi(t) = Nye [ak cosh —— + by sinh ?S + ¢ cos(Amgt) + dj, sin(Amt)
Sk Ny ag by Ck dy
% s? |Ao[? 1A+ 120 —|xo| cos(¢hp) 51 =% | Ao | sin(¢)
35% (1= c3st) Ay 2 s+ 137 —|Ay| cos(¢y) s(1 =11 |2y sin())
55% (1 — s3s?) |AL? 5+ (AL A1 | cos(y) 51— AL —|AL|sin(¢y)
%[sin(sl —8)) = |ALAy %[IMI sin(8, — 8 — ¢1) %[sin(sl —8)) + A iryl - [lmcos(sl -8 —¢1)
slz(slzsd’cd’ |A_LA|||
sin(, — & — ¢ + ¢|1)] +|A)|sin(8) — 8L — @y )] sin(d; — &, —¢L + 9 )] +|A | cos(d) — 8, — ¢||)]
5[cos(ao —8)) + Aok | —5[|xo| cos(8o — & — ¢o) %[cos(ao —8)) — Aok — 5| 1201 sin(8 — &) — ¢)
ﬁSKCKSlCI% [AgAl -
cos(dp — 8 — o + ¢|1)] +|Ay | cos(8) — 8o — @y )] cos(8p — &) — ¢o + @ )] +|A | sin(8) — 8o — ¢||)]
—5[sin(so —81) — |AoAL| 5[|xo| sin(89 — 81 — o) —i[sin(so —81)+ |AoA | — 5| 120l cos(do — 81 — ¢o)
25k cksici5y |AgA, | -
sin(6p — 81 — ¢o + ¢.L):| +|AL|sin(d, — 8y — ¢.L)] sin(8g — 81 — ¢o + ¢.L)] +|A |cos(8L — 8 — ¢.L)]
1s? |As|? 5+ [2s)?) |As| cos(gs) 5(1—Asl?) —|Ag|sin(¢s)
%[COS(5S = 8)) — |AsAyl %[Ilsl cos(ds — &) — ¢ps) %[Cos(as =8)) + |AsAy| ) [Ilsl sin(ds — &) — @s)
7zgSKszc‘16¢ |As Ayl
cos(8s — 8 — ds + ¢ )] —|Alcos(d) — 85 — @y )] cos(ds — 8 — ¢s + ¢||)] —|Ay|sin(8) — &5 — @ )]
) AeA —%[sin(ss —81)+ |AsALl —5 [nsl sin(8s — 8. — ¢s) —%[sin(ss —81) — |AsALl —'f[— |As|cos(8s — 81 — @)
——=SKSICIS$ SAL
Vo sin(6s — 81 — ¢s + ¢L):| —|Ay|sin(d; — 85 — ¢_L)] sin(s — 8, — ¢s +¢¢)j| +|A |cos(8y — 385 — ¢_L)]
%[cos(ss — 80) — |AsAol %[Ilsl cos(8s — 8 — ps) %[cos(as —80) + |AsAol %[Ilsl sin(8s — 8o — ¢s)
Jrekst |As Aol

cos(ds — &y — ¢s + ¢0)]

—|Aolcos(8g — s — ¢0)]

cos(ds — &g — Ps + ¢0)]

—|Ao| sin(8p — 85 — ¢o)]

ck = cosbg, sk =sinfg, c; = cosf, sy =sinbj, cy = cos¢ and sy = sin ¢
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Flavor Tagging

SS Pion

SS Kaon

SS Kaon NNet
SS Proton

SS Pion BDT

BO

Same Side

@—®

Opposite Side

OS Vertex Charge
OS Charm

B

' Use information in the event (e.g. charge of K
associated with b-quark hadronization) to tag B

[Ravor at production

' Precision on ACP scales with tagging power

' Calibrate tagging algorithm response using mode:
with known 3avor (e.g. B! J/"K +, Bd Ds#)

Signal Decay
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