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Tevatron pp at +/s = 1.96 TeV
shutdown at end of September 2011 [ .£dt=10 fb'!

FINAL analyses based on Run Il data sets 2001-2011
uniquely pp ! like # produced B* = # produced B"

D@: excellent u-id and coverage
flip solenoid & toroid polarities
for Asymmetry measurements
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DO0: Measurement of direct CP
violating charge asymmetry in

B* < u*v D decays
V.M. Abazov et al., Phys. Rev. D 95, 031101 (2017)

Such direct CP violation in B* - u* v D? decay

does not occur in Standard Model,
so any observation would indicate
existence of non-SM physics.

Anomalously large CP violation in
semileptonic decays of B* could explain
DO’s like-sign dimuon asymmetry measurement.
First measurement! Other studies often assume A¢,(B) = 0
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D0O: CPV in SL B+

CPV charge asymmetry:
(B> u " vDY)—T(BT-> u"vpo
(B> u vD)+T(B*-u*tv Do
what you measure:
_ N(u™D°) — N(u"DY)
W N(u~D°) + N(u*DO)
neglecting second- and higher-order terms in A

= f{B*) A" + A4, + f{phys

decays of other particles

A:UDO =

detector induced Asymmetry
fraction of u* v DO produced by decay of B*
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muons: 12.8-14.5 hadronic interaction lengths

pr(K) > 2 GeV; p(u) > 3 GeV; |n(u)]| <2 5
reject multi-muons in b-jet K

B-'h 'n'__

D% - K it candidates:

both tracks p; > 0.7 GeV

common vertex w X2 < 16

transverse separation of
I.P. & D% vertex>3 o

B* - u* v D%candidate
transverse distance between
IP & u D% vertex >3 o

2.0 < M(un D) < 5.5 GeV
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The polarities of the toroidal
and solenoidal magnets are _
reversed every two weeks

to minimize systematic
apparatus-induced asymmetries.



Events/10 MeV/c*

DO: CPV in SL B*

charge correlation:

x10%
) DO Run II, 10.4 fb” B > u vDl (> K n')
0.8 N(u=D") = (3.547 = 0.005) » 10°
IR 3.5 x 10° SL B* decays
. f bkgd
0.6 "‘.,‘;::.2.:;:.
f (M) = signal
0.4m ~sum of two Gaussians
[+ Data f,°¢4(M) = combinatorial
u.z--l;lgﬂ: T bkgd ~ exponential
| e bkgd .
..mmh'rﬁfé'“ fy f,Pked(M) = partially
i AN " reconstructed
. 1.8 p 2.2
1 o aovih D - Kn X bkgd
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~ bifurcated Gaussian
function )



SUM = N(u D°) + N(u*D°)  DIFF = N(u D°) - N(u* D?)

_ «10% % x10°
% - DO Run II, 10.4 fb™ = 0
208 N(1=D%) = (3.547 = 0.005) x 10° — !
o !\‘I ! o =
E - ‘I".'I: .::_. ._::. .::_ ':'.'i D; , ﬁ +++ +
& "*i,::f-:::bkg.d . 2 \.
@ 0.6y 1M e .1 § )
Il e '::I'. g - i
0.4 Ias . i
« Data i « Data
10" =K a* . L DO Run II, 10.4 fb” (D" =K =
021 9D . K X A(DY = (-1.12  0.08)% D — K aX
| [Tl Combinatorial i [l Combinatorial
Il Background flbkgd 40 Background
LA o o | A T B R
a 16 1.8 2 2.2 14 1.6 1.8 2 2.2
M (K=r™) [GeV/c’ M (K*r7) [GeV/c?]

faum(M) = £ <€(M) + f,°1€4(M) + f,° e (M)
fai(M) = A fE(M) + A, f,°€4(M) + A, f,°€4(M)
simultaneously fit f_,..(M) & fg;(M) distributions
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o i e
sum DO: CPVinSLB diff
%10%
!j'lg DO Run Il, 10.4 fb” - <10°
2osp N(u=D") = (3.547 = 0.005) x 10° % 0
g e E LI [ dadIRE H
£ = ++ t't
& 5 }
=
%
= 5
T fSi8 I
« [Data i
[CJD" =K = + Data
02 ip~ K oX | DO Run II, 10.4 fb" 1‘ D =K =
[ (Il Combinatorial ||(| £ bkgd ApD% = (-1.12 + 0.08)% BAD— K =xX
[ Background 1 i [T Combinatorial
LA A | 10 Background
Ya 16 1.8 2 2.2 T R L
M (K=r7) [GeVicd] 1.4 16 1.8 2 2.2

M (K:n¥) [GeV/c?]

fdiff(M) = Araw.f Sig(M) + A1f1bkgd(M) + Azfzbkgd(M)

results: A
A1
AZ

raw
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=[-1.12 + 0.08 (stat) + 0.008 (syst)]% - signal

= (-0.50 £ 0.03)% - combinatorial background
= (-0.87 £ 0.12)% - partially reconstructed D> Kt X



correction terms!

A»UDO =

(B> u vDY) —T(B"—> u"vpo

['(B~—= u~v DY)+ T (B - u*v Do)

_ N(uD%) - N(u*D9
"aw " N(uDO) + N(u*Do)

A, =f(BY) AHDO 4 A +A

A

phys

=[-1.12 + 0.08 (stat) + 0.008 (syst)]%

f(B*) = fraction of u v DY events pggduced via B+ decays

= [56 % 1(syst)]% from
PYTHIA & EVTGEN
MC calculation
reweighted to match
data pyandn
distributions

Number of Events
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f(B*) = (56 + 1)%




more correction terms

=f(B*) A**°+ A, + A, _=[-1.12 + 0.08 (stat) + 0.008 (syst)]%

raw phys

Ager =-A,— A+ Ao = [-1.02 £ 0.08 (syst)] %

track —
A, = [e(n’) - e(w)]/[e(n) + e(w)] = [0.10 £ 0.06 (syst)]%
directly measured in DO via J/y->u*u
= [e(K*) - €(K)]1/[e(K*) + €(K')] = [0.92 £ 0.05 (syst)]%
directly measured in DO via KO > Krt* (K™ >K*rr)
= 0 no tracking asymmetry observed in
K% -> n*mr and K** - K% n*

A

track —

= [-0.02 £ 0.02]% SL charge asymmetries from
mixing of neutral B mesons
=a“,P(B,° - B,°) fiB,°) + a*, P(B,° - B.%) f(B.%)
(see notes)
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DO: CPV in SL B*

Summary:
A =fBY) AR+ A, + A, =[-1.12 £ 0.08 (stat) £ 0.008 (syst)]%
AHDO - I:Araw - Aget phys]/f(B+)

f(B*) =[56.0 £ 0.03]%
A,..=[-1.02 £ 0.08 (syst)]%

Apys = [-0.02 + 0.02]%

> Aub’ = [-0.14 + 0.14 (stat) £ 0.14 (syst)]%

First measurement of direct CPV parameter Au’
in B = u*v DY decays
No Charge Asymmetry Observed
consistent with Standard Model!
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DO like-sign dimuon Asymmetry

N++ - N--
The dimuon asymmetry is given by o —— Phys. Rev. D89, 012002 (2014)
: : (-0.235 + 0.064+ 0.055)%

This can be caused by a charge

. . . K*
asymmetry in B* semileptonic decays
Get same sign muons when a
neutral B meson mixes.
-

If B asymmetry is zero get an
asymmetry from opposite side.

Require an effective neutral B meson
semileptonic charge of asymmetry of 0.5%

Al (eff) =f 5+ AV D° — 0.5%
0 , i
AHD =0.5%/ fp+

or AMD” ~ 0.8%

Which is inconsistent with our result

AHD? = 1.0.14 + 0.14 (stat) £ 0.14 (syst)]%
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Many Thanks to all who
supported the Tevatron program over
parts of 5 decades (1970°s thru present)

Deter
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DO: CPV in B* SL notes (1)

e Systematic Uncertaintieson A,,,,

— Vary fitted mass range 1.40-2.20 - 1.43-2.17 MeV in
steps of 10 MeV

— Changed form of combinatorial background from
exponential to ¢(2) polynomial

— Vary width of mass bins between 5 and 20 MeV
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DO0: CPV in B* SL notes (2)

SL charge asymmetries from mixing of neutral B mesons
Agqo= 047 P(B,Y > B,°) fgoforg=dands

Aphys

as,d = (-0.15%£0.17)% - world average — PDG-2016 p 767
P(B,° > B,%) =0.211 - MC PYTHIA EVTGEN
fago = (35.2 % 1.0)% - MC PYTHIA EVTGEN
Aopys? = -0.011%
a,/ = (-0.75%0.41)% - world average — PDG-2016 p 767
P(B.% - B%) = 0.5— MC PYTHIA EVTGEN
fao = (1.8 £ 1.0)% - MC PYTHIA EVTGEN
Apnys = -0.007%

A=A 94 A  5=(-0.02+0.02)%

phys phys phys
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DO: CPV in B* SL notes (3)

How much A2’ would be needed to reproduce
anomalous DO like signh di-muon charge asymmetry?

From V.M. Abazov et al., Phys. Rev. D 89,012002 (2014) - DO like-sign dilepton charge asymmetry
Alternative calculation (maybe this is what Gennady wanted):

(82) acp = fsag -0.032 % from Table XIlI

(83) A = Fos A+ Fq ag -0.235 % from Table XIV
Combining (82) & (83) f; = 0.4997 from Table V

Acp = Fog Ag + Fg acp/fs Fss = 0.6914 from Table VI
Fs. = 0.2269 from Table VI

As = {Acp - Fs acp/fh/Fss
A, =1{-0.235% - (0.2269/0.4997)*(-0.032%)}/0.6914
A, = {-0.2205%}/0.6914 = -0.3189%
(67) A= ASmX + A int AJ"(SM) = -0.050% from Table XVI

Asmix = AS - Asint(SM)
As™* = -0.3189% -(-0.050%) = -0.2689%

(68)  AMmx=C, AL C, = 0.524 from Table XV

AP = A(™X/C, = -0.2689%/0.524 = -0.513%

close to (86) A.P=(-0.496 +/-..)%

sl T
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DO: CPV in B* SL notes (¥)

A, = [e(n*) - e(w)]/[e(p*) + €(u)] = [0.10 £ 0.06 (syst)]%
directly measured in DO via J/y—>utu
V.M. Abazov et al., Phys. Rev. D 82, 032001(2010) Sec. 10
V.M. Abazov et al., Phys. Rev. D 74, 092001(2006)

Ay = [e(K*) - €(K)]/[e(K*) + €(K")] = [0.92 £ 0.05 (syst)]%
directly measured in DO via K9 >Kt* and K0 S>K*rr
V.M. Abazov et al., Phys. Rev. D 82, 032001(2010)
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DO: CPV in B* SL notes (¥)

DO: V.M. Abazov et al., Phys. ReV. Lett. 110, 241801 (2013)
Measurement of direct CP violation parameters in B*=>J/{ K*
and B*=>J/y r* decays with 10.4 fb™! of Tevatron data
A/4K=10.59 + 0.37]%
Am=[-4.2 + 4.5]%

LHCb: R. Aaij et al., Phys. Rev. D 95, 052005 (2017)
Measurement of the B* production asymmetry and
the CP asymmetry in B* = J/i) K* decays
AZUK=10.09 + 0.27 + 0.07]%
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