New results in CPV at LHCb
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% CP violation

»The dominant source of CPV in SM is the complex phase in CKM
»New physics models predict additional sources of CPV

» Decays of heavy-flavored hadrons are the best laboratory to
v’ Overconstrain the unitarity triangle as a precision test of the SM
v'Search for new sources of CPV

>Experimenta|status 15 e e
L excluded area has CL > 0.95 ; %} B
- Y% ]
1o % Amg& Am;
Esin 28 |
0.5 N Amd 7
- ?\ :

LHCb plays an importantrole! = oo b I S N
- : i

- |Vub| a ]

-0.5 - 7
1.0 - Y €k |
: % i sol. w/ cos 2 <0 :
- ICHEP 16 ‘ (excl.at CL>0.95) —

_1.5 | I | | | | ! | | ‘ | I | ‘ | | | | |
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

p

17/10/28 Liupan An [CKMfitter: EPIC 41, 1-131 (2005)] 3/15




% The LHCb experiment

» A dedicated heavy flavor physics experiment
v'Large beauty and charm production cross-sections at the LHC
v'A single-arm forward region spectrometer covering 2<n<5
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LHCb MC
(s =8 TeV

[JINST 3 (2008) S08005]

» Excellent vertex resolution: measure impact parameter; good decay time resolution
»Good momentum resolution: resolve heavy flavor decays; minimize background
» Effective particle identification:isolate similar decays; flavor tagging
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% S measurements
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>Asymmetry between B® and B? decay rates (with AT = 0)
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B from BY - [cC]KS decays

[arXiv:1709.03944]
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Candidates / (4.5MeV/c?)

»Additional channels with Runl data
»CP observables determined using fit to flavor-tagged decay-time
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»|mprove the precision of sin(2) measurements at LHCb by 20%

17/10/28

Liupan An

6/15



% fs measurements
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>SM prediction ¢ = —36.5113 mrad LT B L

»World average ¢ = —21 + 31 mrad

HFLAV
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v’ Far from SM precision;
plenty of room for new physics
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% B, from BY - J /WK K~ above ¢(1020)

[JHEP 08 (2017) 055]

»Supplementary to the previous Runl analysis with mgr < 1.05 GeV

»CP observables determined using an amplitude analysis as a
function of the B proper decay time with flavor tagged

|
~ 2000 Fr = — —
E 1800 > LHCb . A = ZAL
7 1600 - wa -+ Totalamplitudes:{ - it
= 1400 - — R A = |/1| e s Z nid;
~ 1200 F o 01020) - 3
2 1o res
S 800 s w0 —  Decay rate:
600 ;r \ — f,(1270) 3 A 9 71 9 AT A 9 j 5
400 £ -\ BP0 3 I(t) o e st AP+ 1A cosh St+| il cos(Am,t)
200 ﬂf - A " o — £,(1950) _E 2 * 2 2 s
Oqﬂ '/'\‘—tt'_—‘ﬁ\5r :5
5 L—uﬁ””m“u“wﬂ”er“u%w“”u”u”"u“uf"wﬂ—uu“ﬂ”é0 — Re(A* A)sinh 25 —ImjA*A sin(AmSt)}
|1 el ]
i I ) -
My [GeV]

¢s = 119 £ 107 £ 34 mrad,
Al = 0.994 + 0.018 £ 0.006,
I, = 0.650 = 0.006 = 0.004 s~ ¢s = 1 £+ 37mrad

AT = 0.066 + 0.018 £ 0.010 ps™*
17/10/28 Liupan An 8/15

New LHCb average




% ¥ measurements

ry = arg(— )

v'Least weII-known angle of the CKM unitarity triangle

v Tree-level determination with small theoretical uncertainties
» Direct measurements mainly through B - Dh
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« Unknowns:rg = =*2 65,7

_ — Acb
B , - [f]DK * CP observables: Partial width
g Vo g K | ratios R; CP asymmetries A
B~ A ) |
< ' v World averagey = (73.5%%3)°
- - - LHCb dominate [HFLAV: arXiv:1612.07233]

»Indirect measurement (fit from CKM triangle): y = (65.33:(5) ©

[CKMfitter: EPIC 41, 1-131 (2005)]
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% y from Bi — l)(*)l(i/ﬂ:i [arXiv: 1708.06370]

Events / ( 10 MeV/c?)

>Using 1.0, 2.0and 2.0 fb~! dataat /s = 7,8 and 13 TeV
>D* — Drt°(y), partially reconstructed without 7°%(y)

v'Partial reconstruction used for the first time
v'Strong phase difference of 180° between Dit® and Dy

> D fully reconstructed using K¥nt K YK, mtn™
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V from Bi - l)(*)l{i/ﬂ:i (Cont.)[arXiv:1708.06370]

»B~ — Dh™: world-best CP observableswith KTK~,mtn~
DQP KAy, B2 Dep KRep, IEEH

PRELIMINARY PRELIMINARY
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LHCb KK § 2 0.13+0.01 +0.00 LHCb KK i 0.99+0.01 + 0.01
arXiv:1708.06370 : arXiv:1708.06370

LHCb ©tnt : il 0.12+0.03 + 0.01 LHCb ntw i) 0.99 +0.03 + 0.01
arXiv:1708.06370 : arXiv:1708.06370

Average § | 0.13+0.01 Average I 1.00 +0.02
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— %7 — . . [HFLAV: arXiv:1612.07233]
»B~ — D*h™: largely improve world-average & determiney
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% CPV In AO - pn 7-[ 7T /K+ [arXiv: 1609.05216]

»No CPV observed in baryon sector yet

»>CPVin A} = pr~ntn~/KTK™ can arise from interference of:

=
—

3

I

g
=
——

3

I

=

—~
|
N——

W_JTH_J

3

Jr
=
=

u
A) S d > )
—T &
Vid

(

—_———
i~
Q =&
Y
O
9
QU S & & 2 g algl
3

g & & & £ £ al g8 &

3
I
—
S
=~
foal
~
s;.

25:C =pp - Pny XDps)

\A_%ié = Pp* (@ pt XPh;)

( AC) = N(C > 0)—N(C<0)
- N(C>0)+N(C<0)

_ . N(E=C>0)—-N(-C<0)

A =TT mc< 0

»P- and CP-violating (if # 0) observables: q%dd = (A + A), a28d = %(A )
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»P-odd asymmetries <




% CPVinA) > prnntn /K+K (cont.)

> First observa’uon of T [LHOy —Fl(l)llflt 1% | Leos — Full fi | -
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CPVinD? » KK &D°? >t~

[PRL 118,261803 (2017)] Raurem

e

»CPV in charm practically absent in SM; ideal place to look for NP

I r
> Aim to measure Ap = -2 P27 yia time- dependent CP asymmetry
FDO—>f + FD0—>f
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Ar(mtm™) = (0.46 + 0.58 + 0.12)x 1073
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% Summary

»LHCb is actively exploring CPV
v'Heavily contribute to B(s), ¥ measurements and other parameters not
included here
v'First evidence of CPV in baryon sector

v'"No evidence of CPV in charm

»More to come!
v'Fully exploit Runl data

v'Precision to be improved with Runll and future upgrade data

Eg.y = (73.5t‘5‘;3)° — ~0.9° for phase-2 upgrade with 50 fb~! data

[EPIC 73 (2013) 2373]
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Back up
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% CPVin b and ¢ sectors

» CKM matrix elements related to heavy flavors are less known

Vgl = 0.97417 | |Vg = 0.2248 | [Vy| = 0.00409 ,
(£0.02%) | (£03%) !  (+9.5%) %
Vgl = 0220 | [V,(|=0995 | |V,|= 00405 )
(£23%) | (£16%) |  (+3.7%)
Vgl = 0.0082 | [Vi| = 0.0400 | |V,| =1.009 | 2 o
[PDG2017] (£7:3%) % (£6.8%) ¥ (£3.1%) Vb L IVep | I Veals [Vesl

vV I Voupl, IVeal, [Vesl and |V, | can be probedin B and D meson decays;
v'|V:q| and |Vis| are involved in B -B oscillations and loop-mediated B decays

B V* . B V* B
b - : - fd - d b - : - fs - 5
| 5767% | | ﬂvévi |
| | | |
( ( | |
Bo wWE : : Wt B B WwE : : W= B
| | | |
| | | |

thl u, c,t | Vts | U, c, t |
1 1 1 1
d - - | b s - - - b

v’ % Phases of V;, V4 and V;¢ can be determined using B decays

»Various new physics models predict contributionsto CP
asymmetries in the b and ¢ sectors, with different pictures
17/10/28 Liupan An 17/15



% Y measurements

s % + 1% + 2rprp cos (0 + 6p F ),
X 'r% + 'r% + 2rgrp cos (0p + dp) cos () ,
2rprpsin (0p + 0p) sin ()
r% + 14+ 2rgrpcos (0g + dp) cos ()

o _|AB DK |ABF DK | AD= f)

PAB- S DK [A(B-=DEY)| 7 |A(D > f)
GLW analysis . .
Reps 1+ 7% £ 2rgcos (0g) cos (7) »GLW: f is CP eigenstate
Acps £2rpsin (Op) sin (7) / Rops > ADS: Large CPV effects

ADS analysis . )
Y in the interference

Raps 'T‘QB + ‘T’QD + 2rprp cos (5B + 5D) COS (/},)
Aaps 2rprpsin (0p + dp) sin () /Raps » GGSZ&Dalitz: multi-body decay
GGSZ Dalitz analysis (D — Kortm)

Ty rgcos(dp £ )

Y . "B 811_1(503 £7) » Parameters can be shared for
Dalitz analysis (D — 7rn—7") h B d d

pi |Zi—$0| the same ecay moae

e tan~! (Im(zy)/(Re(zy) — 20))

[HFLAV: arXiv:1612.07233]
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% y from Bi _) DK*i[arXiv:1709.05855]
»>Using 1.0, 2.0and 1.8 fb~! dataat /s = 7,8 and 13 TeV

»D > K nt, K Kt n nt,(K /n )ntn nt, K** > Ko0n#

»Behavior of intermediate resonances of D four-body decays known

=CP asymmetries in two-body modes more precise than Babar

D_K7n K* A, pg %

PRELIMINARY

BaBar . | -0.34+043+0.16
L L) T 1]
PRD 80 (2009) 092001 :
: & 1
LHCb -0.81i+0.17 + 0.04 -
Hde—{ : 09
arXiv:1709.05855
: 08
Average i .0.75+0.16
—— ; 0.7
HFLAV ;
2 18 16 14 12 1 08 06 04 02 0 02 o04 06
D—Kn K RADS Summer 2017 05
PRELIMINARY
- 04
BaBar bl 0.066 + 0.031 + 0.010
ol f————
PRD 80 (2009) 092001 0.3
02
* LHCb 0.011 +0.004 + 0.001
arXiv:1709.05855 0.1
Average 0.012 +0.004 0
HFLAV

-0.1 -0.08 -0.06 -0.04 -0.02 0 002 004 006 008 0.1 0.12
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vy determined using all modes:
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% CPV in AOb % pK_l/l+l/l_ [JHEP 06 (2017) 108]
> A rare FCNC process withb — sutu™ _

b

{

d

»CPV limited in SM; sensitive to CPV from beyond SM

»0bservables: Adcp = Acp(A = pK~utu™) — Acp (A - pK =] /1) &add
v'Sensitive to differenttypes of CPV effects from new physics

» First observation of the decay, consistent with no CPV
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% CPVin Dt —» n'nt&DT - n'nd

[PLB 771 (2017) 21-30]

»>Using D* - K27+ and DSJ—r — ¢m* as control channels so that

production and detection asymmetries cancel
AACP(D:E — ‘T]Iﬂi) = .Acp(D:t — '7],7Ti) — .A(jp(D:t — [(Sﬂ'i)

= A (DY = 1f7) = Avae (DF — ¢7%).

% 8000 L 8000

> >

- S

S 6000 < 6000

3 b
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o o

3 3

g g8

S 2000 S 2000
2k o
1], Ot
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1850 1900 1950 2000 1850 1900 1950 2000
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Acp(D*F — /7)) = (=0.61 £0.72+£0.53+ 0.12)% ¥~ Most precise measurement
Acp(DF — n/n*) =(-0.82 £0.36 £0.22+0.27)% v' No evidence for CPV
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