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CP Violation in B

® BY is one of the least explored systems Ay A,
. . . .. 0 — _0/—_\
e Study of CP violation in B% mixing may 5", Jer |CP| B Jer
help explain the observed CP violation ' /_ ‘. /‘
in Universe and lead to possible new q/p Y0 Ag alp YT Ag
physics

e Predicted CP rated is very small in SM -

search for large deviations

e Mixing induced CP violation

e Assume no CP in decays
e ? observables phases

® (s - accessible through semileptonic
ecays

Interference between mixing and decay to a CP eigenstate

= F( I(J)hys(t)_)fCP)ir(Ep?hys(t)_)fCP)

B =arg| V.V, V.V, |= A’ =T (B=22)
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® [3- accessible through B% —J/W+X decays

e Contribution of new particles in the box
diagrams may enhance both

ZB =ZBSMS_ q)SNP
O = 02N - o NT with GNP HSM 23SM

S

Saturday, July 7, 12



CP Violation in BY% —)/\p+X

Study BY% —)/p+X decays

X may be a (non)resonant final state and
affect the CP measurements

®  For example S-wave contributions

X=@(K*TK") golden mode, used to
measure CP-violating phase

Study additional channels

X=f,(980)(x*n") also used to measure B, -
CP-violating phase -
® S. Stone and L. Zhang, Phys. Rev. D 79, P

074024 (2009)

e LHCb Phys. Lett. B698,115 (2011)
Analysis of decay BUs-J/WKTK" for
1.35<M(KTK")<2.0

®  Measurement of branching ratio and study
of spin have been performed for the
resonant decay

e LHCb: Phys. Rev. Lett. 108, 151801 (2012)
3
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BO —=)/W+ K'K™ Selection

>aoo'§-0a Runll, 10.4 fb”  pata (a)
. ‘ — Full Fit
® Study B% —J/p+ KTK™ decays 5600_- Sf‘ II
) : --- Signa
® For each J/P candidate find K*K-pair with \400__‘ K (1430)
common vertex S Bil(
® assign kaon mass 3200:‘ T ———— g"“.
o " + /- 0; g R T Ty LT 1A T LT PPy
require m(KTK")> 1.35 GeV 5o 54 5. 58
e Reconstruct B% candidate by forming M(u*wK'K) (GeV)
a vertex for J/P and K*K- pair e
, N 800FD@ Run I, 10.4 fb™ (b)
e Enhance signal by requiring < : |
1.45<m(K+K-) <1.60 GeV and |cosp|<0.8 =
(see later) S
e Signal + Background model fit yields 578 =+ ..g
100 events with fit probability 0.338 o
e Background only fit probability 4.5x10~ = 0: o _ e
9.2 S. 4 d. 6 5.8

M(u*w'K'K') (GeV)
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JAPK'K Sample Composition

® Decays attributed to f’2(1525)

e PDG mass 152545 MeV, width 73765
MeV

e BR to KK: 89%, nir: 1%
e Other possible contributions due f2(1270)
e BR to2n/4n: 87.6%, KK: 4.6%
o fo(1500)
e BR to2n/4m: 85%, KK: 8%
® No peak observed under J/yn'n hypothesis

e Additional contribution possible due to
BY - J/wK*(1430)(—Kmn)

1000

-
—
—

500 -

1.55<M(K*K)<1.60 GeV

¢

52 54 56 5.8

, DG Run I, 10.4 fb™ (a)
S1.8F 300
> 198
C =
P Ko
X
=1.4 m -1100

1.2— —l —l :

5.2 5.4 5.6 5.8

M(u*wK'K') (GeV)

, DG MC (b)

[ 800
S1.8[-
é : 600 =
1.6 o
N 4400 =
¢ | | i =
E1.4_— —200

1.0L - . : 0
5.2 5.4 5.6 5.8

M(u*'wK'K') (GeV)
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Peaking Backgrounds

BY —J/yK*2(1430) B —J/yK*o(1430) Signal
, DG MC (a) , DO MC (b) , DG MC (b)
E 600 E o - 800
1.8 1.8 S1.8F
S | a00g & | 600 c S f Goog
1.6 2~ 2 ~16 - <z
i # zi -40 = 5;_ — B §400 =
51.4} -200 E o _20 \2’1'4[— "200
1.2F —_ L 0 1.2: T e B 0 1.2: - 0
5.2 54 56 5.8 5.2 54 56 5.8 5.2 54 56 5.8
M(p*wK'K') (GeV) M1 K*'K) (GeV) M(u* KK (GeV)
. . "~ 1.55<M(K*K)<1.60 GeV

800/ 1.55<M(K'K)<1.60 GeV 100" 1.55<M(K'K)<1.60 GeV 1000} *->><M : =
600 | { |
400 5001
200

2 54 56 58 25 5.4 5.6 5.8 % 5% 54 56 58

e Decays B? —»JhyK"(1430)(—Km) contribute to the signal due to ® misidentification as K

e Contribution estimated in the fit using templates of B —J/ K™y in steps of m(K*K-) of 50 MeV
from MC

e Signal and background templates are fitted with double Gaussian
e Extract BY yield as a function of m(K*K") )
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J/PK'K Signal Yield

e Extract signal in 50 MeV bin of m(K*K)

. . D@ Runll, 10.4fb” -+ Data
® Relative normalization of two K*J(1430) - B R 10 R — Full Fit
states are allowed to vary o 400
. : = - — RBW, J=2
e Normalization of Signal and all & Anar
. o 200 Const
background are not constrained tobe < [ Je iy
. . . 7)) = ! -
positive for unbiased rates close to | = =N .
zero :J>’ E
® Event yield versus m(K*K-) distributions -200¢
is fitted with signal (convoluted with R — —
Relativistic Breit-Wigner(J=2)) and a it 1'6+ - 1.8 2
€ sNery= y M(K*K)) (GeV)
constant non-resonant term assumed to 1.55<M(K'K)<1.60 GeV 1.45<M(K'K)<1.50 GeV
be S-wave 400 4001
® Signal: 669 + 158 . i :
® S-wave (in m(K*K") 1.4 to 1.7 GeV): 200 “/\\\ i '
331 +£73 o- e ] o: Fivaa,etet
. . | e [ o N —
® Measure BR relative to B® =)/Q@p: o570 ——5""58 52 54 56 58
0 N / . r! . 47— ‘
Ry = B(B, B{léébé (1J5/ib5q)5f f(_{ii) K_‘)K K7) DO 0.22 = 0.05(stat) + 0.04(syst)
NBQ—>J/¢f§(1525) X Ei(sc)::J/w(b ‘
— BO— J /4 f1(1525) LHCb 0.264 £ 0.027(stat) £ 0.024(syst)
NBg_>J/¢¢ X Ereco ? |
01 o015 'o.lle; 025 03 035

£,10
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Spin Study

e Study spin configuration J=0",1-,2%

: L " 0 K*
e Decay amplitude is given by: ” uw - H X .
dl’ vr. . 2 H ’
dcosgd¢dcosw x zmA'r.Yl (COSGH ’¢H)YJ (Cosw’o)‘ D(COSOH ’¢H JP)
u :

*0, © and Y are angles in helicity basit
and sum extends over equal helicities
m of the J/P and the spin J of (K*K")
system

» D is acceptance for event
reconstruction

e Decay amplitude is obtained in
helicity angle ), integrate out other
two angles

e DO data favor spin=2

e DO data also accommodate a fit of
coherent superposition of J=0 and
J=2,with S-wave fraction 0.17+-0.14

e Submitted to Phys. Rev. D

- D@ Run I, 10.4 fb™
W ¢+ Data
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/PP and Al

® Measure @"¥®,(B,) and Al's by studying
time evolution of flavor tagged Bs—)/

P(pUTp-p(KTK))decays
® Pseudoscalar— Vector Vector

® 3 possible angular momentum states

® The mass eigenstates are expected to be
almost pure CP-eigenstates

e S,D (CP even): linear combination of AO, Al]

e P(CPodd):AL

2 2
[(1) = |A,..(0.0.1) +|A, (0.p.0.1)
+A° A(CPC) CP-conserving interference

+A"A(CPV)(e™' e ")sing! "

0

8 A
rest frame

CP-violating interference

JIy rest frame

S %

p
L Pl Mo

.\‘

/

K

1)

=X
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® BY%—]/Yp selection criteria are designed
to minimize measurement uncertainties

BO;— /W Event Selection

on V@ and Al

e Based on Boosted Decision Tree multivariate

technique

e Square cuts as a cross check and systematics

N(events) (Normalized)

7 Sighal”
5771 Background
i
3

Background

o .

N(events) (Normalized)
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Do Run I, MC
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Prompt BDT Output

DO Run I, MC

4

0 02 04 06 08
Inclusive BDT Output

N(events) / 0.075 ps

DO Runll, 8 fb™’

[ o q s i
%52 ""''53 — B4 55
Mass (GeV)
10°- DO Runll, 8 fb™

Proper Decay Time (ps)
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Resolution, Flavor Tagging, Acceptance

T 1

DO Runll, 8 fb™

dN(events)/da(t)
2,

w—
o
N
T

- T

—4

o

™ 3
—

PR -

0.1

Opsrrrm
pr———
+

e Use event-by-event
resolution
® Approximated as sum of
several Gaussians
e Variation for systematics

0.1

a 0.6 5 QRunII,be1 ........... .............
0_5:_ 4444444444444444444444444444 ................. ?, £SO SO I
04:_I .................................................................................................
0.3 L ~—— Data: B D7 (la) |

T —+— Data: B’ = u* D (llb1)
- —+— Data: B’ - pu* D (IIb2)
0.2 Data: B’ - u* D (lIb3)}--

—4— Data: Weighted Ave.
— Fit to Data

Uncertainty

0.2 0.4

0.6 0.8 1

|d|

e Use combined OST

® Muon
e Flectron

® et vertex charge
e Dilution calibrated using

B% decays

DO Run II, MC
R

‘..——

cos 9

e Correct for acceptance 2D
acceptance in cos(0),®

e Data selection criteria
applied to MC generated
uniform in all angles
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Ve, and Al's Fit Resu

e Use Markov chain technique to draw
contours in Al's vs @"¥®; parameter space
e Sample randomly likelihood using
Metropolis-Hasting algorithm
e Use sampled likelihood to obtain
contours and combine systematic
uncertainties

e Combine BDT and cut based results

Phys. Rev. D 85, 032006 (2012)

ts
P X
Ts 1.44319%%2 ps
Als | 0.163732% ps™
s | 085%%
Aol 0.55810:917
AP | 0.2311555
5 ~3.154+0.22
(01-0s) —0.11 J_r%'_%zzé
Fs(eff) | 0.173+0.036

~04r
w . DG Runll,8fb’ AM, =17.77 £ 0.12 ps '
= 031 SM p-value = 29.8%
0.2
e
0

QI)JIITIIIII TWT ]llll]l]lllflll

0% ——68% CL
—90% CL
-0.2 —95% CL
03
| | | i RIS "I S T
0.4 2 1 0 1 2 3
0¥ (rad)
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Additional Channels for 35 Measurements

® //Pfo(980) final state corresponds to a CP-

odd eigenstate of B’
eCould be used

violation
BY—J
R NBo_, 1/ £5(980) e/
fo/® — " T BOJ 980

e Use BDT selection
e Normalize to B%— /P

Phys. Rev. D 85,011103 (2012)

in studies of CP

Ry /¢ = 0.275 £ 0.041 (stat) 4= 0.061 (syst)
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Summary

e Mature experiment still producing exciting results
e Sizeable BY% sample has been accumulated
e Almost full 10 fb-1 data sample analyzed

e Adding new channels

* Measured relative branching fraction of B% —J/\pf'»(1525) to B%—)/Wep
and spin of the K*K- system

e Consistent with J=2 or superposition of J=0,2 states

e Measured of B% mixing parameters, polarization amplitudes and phases
in the B%— )/ decay channel using 8 tb~! data sample

* Measured relative branching fraction of B% —J/\Wpfo(1525) to BY%—)/ Y

e Plan to use for phase measurement with full dataset
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BACKUP




DO Runll, 8 fb™

D@ Runll, 8 fb™

DO Runll, 8 fb™
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