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1. Introduction:

Status of New Physics in (Bs, Bs) mixing and decay.



CP symmetry: particle <« antiparticle, and (z,y,z2) < (—z,—y, —z).

To explain the baryon asymmetry of the universe we apparently
need new sources of CP-violation beyond the Standard Model.

It is promising to search for CP-violation in processes where the
Standard Model predicts a small asymmetry, and extensions of
the Standard Model predict large asymmetries.

For these reasons we study CP-violation in Bs — J/v¥¢ and
BT — J/¢ KT decays.



Extensions of the Standard Model with new sources of CP violation:
e Multi-Higgs Doublet models with no “Natural Flavor Conservation”
e Supersymmetric models with “Effective SUSY”
e Supersymmetric models with “R-Parity Violation”
e Left-Right Symmetric models with Vi #= Vi
e 4th generation models, and

e /-mediated Flavor Changing Neutral Currents.

JoAnne L. Hewett, hep-ph/9803370 (1998)



If CPT is a symmetry,
A Bs()\ _ (| m Miy| i [ Ti, Bs(t) )
dt \ Bs(t) My mo | 2| gy T B (t)

The eigenvalues are
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Mg+ —AMs; — —(Fs — Alg),
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where AMs > 0 by definition.

The CP-violating phase is

S
bs = arg ( 152> .
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The observables are Mg, s, ¢s,

AMs = 2| M|, Alg = 2|M{5]| cos ¢s,
I_S
12| . Al
ay = ’ Sin ¢s = AMS tan ¢s.
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T he semileptonic charge asymmetry is
as, = N(Bs — f) — N(Bs — f)
T N(Bs— )+ NBs — f)’
where f is a flavor specific final state to which only Bg can decay.

Notation:
rs=r=1/7,
s — Als =1 g,
s+ Als=1T7.



BY — B° mixing in the 2 Higgs Doublet Model of type II. Mi>. hep-ph/0210167
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New Physics may alter Mqo:
My = MO Ay = M| A e
bs = poM 4 $2 = 0.0042 + 0.0014 + ¢2,
AM, = AMPM . |Ay| = (19.30+6.74) ps™t - |A,

AT, = 2|5, cos ¢ = (0.096 £+ 0.039) ps~ ! - cos ¢s,

AT, Mol coses COS ¢

= o] ¢ = (4.974+0.94) - 1073 (b,
AM |MSMS |As] | As]
r Sin S Sln S

af, = Tip]  sing = (4.974+0.94) - 103 Ps.
}MfQMvS | As] | A

From Alexander Lenz and Ulrich Nierste, hep-ph/0612167, November 2007.



The ¢s obtained from fits to Bs — J/v¢ is slightly different:

bs = —20s + ¢2 = —0.04 £ 0.01 + ¢2.

From Alexander Lenz and Ulrich Nierste, hep-ph/0612167, November 2007,



2 -1 0 1 2
A =AM /AMSM
Constraints on New Physics in the A complex plane (at a confidence
level of 1 standard deviation).
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Footnotes:

As =1 in the Standard Model.

Red: from AM; = 17.77 £ 0.12 ps—! from CDF.

Yellow: from Alg/AMs, with ATl =0.17 4+ 0.1 ps—1 from D@.
Blue: from af, = (—8.8 £7.3) - 1073 from a combination of D@
experiments (for the case a%, = SM value).

Forward and backward solid wedges from Al's =+ or —0.17 £0.10
ps— 1 from D®.

Dashed wedge from ¢s = —0.79 + 0.56 from D®Q.

The current experimental situation is 20 deviation from the SM.

From Alexander Lenz and Ulrich Nierste, hep-ph/0612167, November 2007,
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2. Time-dependent 3-angle fits to tagged decays Bs — J/vyao.
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Bs — J/v¢

By — J/¢yK*(892)0

(J=0)—-(J=1)(J=1)

These decays are linked by an approximate SU(2) symmetry
(U-spin symmetry).

Amplitudes:

Ap(0): both V’'s longitudinal, CP = +,

AH(O): V's with transverse linear polarizations parallel to each other,
CP =+,

A1 (0) : V's with transverse linear polarizations perpendicular to each
other, CP = —.

4)(0)2 + [AL(O) + [49(0)? = 1.
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Observables:
AL (0)], [A0(0)[2 — |4),(0)[2,

51 = darg {AW(O)AL(O)} = —5|| -+ 5J_,

55 = arg {AB(O)AL(O)} = -65+56,.
d1 and ¢» are CP-conserving strong phases.




JIY rest frame

Angles 0 (transversity), ¢ and . 1) is the angle between ];/K_|_ and
the z-axis in the rest frame of ¢.
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Differential decay probability

d*T [BO(t) — J /(= pFHpu)e(— KTK)]
dcosf dyp dcosvy dt

2 cos? (1 — sin®hcos? p) - |[Ag(t)]?

+sin® (1 —sin®0sin® o) - | A (1)[*

+sin2ysin?6 - |A, (1)]?

+(1/v2) sin 24 sin® 0'sin 2 - R(AG(£) A ()

+(1/v2)sin2ysin20 cos g - S(AL(1)A | (1))

—sin? 4 sin 20'sin o - %(Aﬁ(t)AL(t)).

X
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Polarization amplitudes for BY(0) (upper signs) and ES(O) (lower
signs):

Ag)? = |A0(0)12 [Ty + e Ttsings sin(AaMst)],
A2 = A2 [T £ e Ttsings sin(aMst)],
AP = JALOP[T- F e T'sings sin(AMst)],

where
T+ =(1/2) [(1 + cos ¢s)e " Lt + (1 F cos qbs)e_rHt} :
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ROAG(HA|(D) = [A0(0)]|A;(0)] cos(dz — 61) [T
+ e Ttsings sin(AMst)],

S(AHMAL(®) = |Ag(0)[|AL(O)|[ e "*( +sindycos(AMt) T
cos 65 sin(AMst) cos ¢s) — (1/2) (e_'_Ht — e_'_Lt) sin ¢s COS d5],

S(ATBAL®) = |A)(0)||AL(0)|[ e T'( £sindy cos(AM;t) F
cos 61 sin(AMst) cos ¢s) — (1/2) (e_'_Ht — e_'_Lt) sin ¢s Ccos 1],
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Tagging

For a given event, the Bs or Bs decay rate is multiplied by the factor
pBs or (1 — pBs), obtained from tagging.

Tagging: Measurement of the Bs or B flavor of the meson at ¢t = 0.
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Definition of tagging “dilution”, "efficiency”, and

D =

3

P

The tagging power for Bs — J/v¢ is 4.68 & 0.54%.

Ncor — Nwr

Ncor + Nwr’
Ncor + Nwr

b
Ntot
8D2.

It was callibrated with BT — J/y KT,

power’ :
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Simultaneous unbinned maximum likelihood fit to the proper decay
time, 3 decay angles, and mass. There are up to 33 free parameters
in the fit.

The likelihood function is

H [fsng]:;g + (1 fsig)]:éck]a

1=
where N is the total number of events,
f5|g is the fraction of signal in the sample, and
Feig (]—“t’gck) describes the distribution of the signal (background) in
mass, proper decay time, and the 3 decay angles.
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Constraints
e \We constrain AM, = 17.77 +0.12 ps—! from CDF.

e The fit to tagged B; — J/v¢ data has a two-fold ambiguity:
1. Al >0, cos¢s >0, cosd; > 0, cosdr < 0.
2. Al <0, cos¢s <0, cosd; <0, cosd > 0.

For B; — J/¥K*, the solution 63 = —0.46 and §, = 2.92 is prefered over the
solution 61 = 3.60 and d> = 0.22. E. Barberio et al., hep-ex/0704.3575, page 153.
M. Suzuki, Phys. Rev. D 64, 117503, (2001). BaBar Collaboration. B. Aubert et al.,

hep-ex/0704.0522.

We constrain §; = —0.46 and d2 = 2.92 with gaussians of widths «/5, to allow
for SU(2) flavor symmetry breaking.
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Invariant mass distribution of the J/¢¥ 4 ¢ candidates. The curves
are projections of the unbinned maximum likelihood fit.
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Invariant mass distribution of the J/v¥ 4+ ¢ candidates with the
prompt background suppressed.
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Histogram of the proper lifetime of J/¢¥ 4+ ¢ candidates. The curves
are projections of the maximum likelihood fit.
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Histogram of the angle ¢ of J/¢ + ¢ candidates. The curves are
projections of the maximum likelihood fit.
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free o ¢s = pSM ATY
7s (PS) 1.52+0.06 | 1.53+0.06 | 1.49+0.05
AT (ps™) | 0.19£0.07 | 0.1440.07 | 0.083 £0.018
| A1 (0)] 0.414+0.04 | 0.444+0.04 | 0.45+0.03
|Ag|? — |A|?2 | 0.34£0.05 | 0.35+£0.04 | 0.33+0.04
51 —0.5240.42 | —0.48+0.45 | —0.47 £0.42
62 3.174£0.39 | 3.1940.43 | 3.21+£0.40
bs ~0.571328 =-0.04 | —0.46+0.28
AM, (ps—1) = 17.77 = 17.77 = 17.77

Summary of the likelihood fit results for the case of free ¢g, for the
case ¢ps = —0.04 as predicted by the Standard Model, and for
AT = ATSM . |cos ¢g].
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Likelihood profile of ¢s.
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Confidence level contours, at §(—2InL) = 2.30 (CL = 0.683) and
4.61 (CL = 0.90), in the ¢s, Al's plane. The cross has
§(—2InL) = 1.0.
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For comparison: fit to untagged Bs — J/v¢ with 1.1 fb—1 (dashed
blue line), and same with agl constraints (solid red line).
5(—2 N L) — 1.0. D@ Collaboration, hep-ex/0702030 (2007).
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Sources of systematic uncertainties

Source 7s (ps) Al (ps™1)
Acceptance +0.003 +0.003
Signal mass model —0.01 +0.006
Flavor purity estimate +0.001 +0.001
Background model +0.003 +0.02
AM; input +0.01 +0.001
Total +0.01 +0.02,-0.01
Source |A1(0)] \AO(O)\2 — \AH(O)\2 Gs
Acceptance +0.005 +0.03 +0.005
Signal mass model —0.003 —0.001 —0.006
Flavor purity estimate +0.001 +0.001 +0.01
Background model —0.02 —0.01 +0.02
AM;, input +0.001 +0.001 +0.06,—-0.01
Total +0.01, -0.02 +0.03 +0.07,—-0.02
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Results:

e \We measure:
s = —O.57f8.'32§(stat)fgo'gg(syst),
Alg = 0.19 4+ 0.07(stat) TJ 07 (syst) ps~1,
7(BY) = 1.52 £ 0.05 4+ 0.01 ps.

At 90% C.L., —1.20 < ¢s < 0.06, and 0.06 < Alg < 0.30 ps— 1.
The SM hypothesis for ¢s has a P-value of 6.6%.

e For the SM case ¢s = —208s = —0.04, we obtain
Al =0.14 + 0.0?(stat)fg.'gf(syst) ps—1,
7(BY) = 1.53 4+ 0.06 = 0.01 ps.
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e For the case Al'th = Ar$M . |cos ¢s| we obtain
ps = —0.46 &+ O.28(stat)i'8_'827(syst),
7(B?) = 1.53 4+ 0.06 £+ 0.01 ps.

hep-ex/0802.2255. Submitted to Phys. Rev. Lett.



Comparison with other experiments:

e From the CDF analysis of 1.7 fb—1 of tagged Bs — J/v¢¢ with
external constrains: —1.20 < ¢s < —0.40 at 68% CL.
Shown is the D@ ¢, sign convention, which is opposite to the CDF 23. FERMILAB-PUB-07-

663-E, arXiv:0712.2397. Submitted to Phys. Rev. Lett. December 14, 2007.

e A combination of previous D@ measurements obtains

Ps = —O.7Of8_'§97 with a 4-fold ambiguity.

Phys. Rev. D 76, 057101 (2007).
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3. Search for direct CP violation in BT — J/% KT and
BT — J/ynT decays.
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We measure
_ (B™ = J/YK~) —T (BT — J/YKT)
ACP p— — — .
I_(B — J/wK ) -+ I_(B"‘ — J/@bK"‘)
with 2.8 fb—! of data.

The decay BT — J/¢YK*(n%) proceeds via the tree level diagram
b — ccs, and the penguin diagram b — sv. Their interference pro-
duces an asymmetry, predicted by the Standard Model (with input
from experiment), to be of order Agpp ~ 0.003. *

Extensions of the Standard Model, such as an extra U(1)’ gauge bo-
son or the Two-Higgs Doublet Model, can enhance this asymmetry.

* W.-S. Hou, M. Nagashima and A. Soddu, hep-ph/0605080 (2006).
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Unbinned fit of the invariant mass distribution of the yuK system.

EDO Run ll, 2.8 fb™ —*— DATA

A A JIUK
— Y £ U RIS Jiym
<. 100001 M
S R [t T R J/LlJKX
&, 8000f- —BKG
p - — TOT FIT
o. =
S 6000
0 n
2 l
S 40005
- -

20001~ & _
O_l T I L-!"‘I?.::I..|'II ) .-...-I--.--.--.-'::.-'F'-.-..-;.‘..l. bkl L'L L-L.I |=|$|—|h

5 51 52 53 54 55 56 57
m(J/PK) [GeV/c?]
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Channel Hevents

J/ YK 40,222 + 242
J /Y 1,578 + 119
J/YK* 5,429 £ 217
Background 33,192 + 425

Total # of events in the signal region 30,422




Begin digression
Precision charge asymmetry measurements
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Reversal of solenoid and toroid magnet polarities allows cancelations
of systematic uncertainties of the charge asymmetry.

Obtain number of events in 8 Bvq bins. [ is the solenoid polarity, v
is the sign of the pseudorapidity, and q is the charge.

1
nd’ = szeﬁ(l + qA)(1 + gvA ) (1 + YAger)
X (1 + qngAqﬁ')J(l + QﬁAqﬁ)(l + 571457)
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End of digression

a7



Unbinned fit of the invariant mass distribution of the yuK system.

EDO Run ll, 2.8 fb™ —*— DATA

A A JIUK
— Y £ U RIS Jiym
<. 100001 M
S R [t T R J/LlJKX
&, 8000f- —BKG
p - — TOT FIT
o. =
S 6000
0 n
2 l
S 40005
- -

20001~ & _
O_l T I L-!"‘I?.::I..|'II ) .-...-I--.--.--.-'::.-'F'-.-..-;.‘..l. bkl L'L L-L.I |=|$|—|h

5 51 52 53 54 55 56 57
m(J/PK) [GeV/c?]
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Physics asymmetry A and detector asymmetries for different

channels.
J/VK J /b
N 40,217 £ 243 1,577 £ 118

et 0.5060+0.0030 0.5060 =+ 0.0030

A —0.0070 £ 0.0060 —0.0887 + 0.0807
Ay, 0.0013+£0.0060 0.0453 =+ 0.0890
Ag; —0.0033+0.0060 0.2061 + 0.0826
A,3, —0.0050+0.0060 —0.0207 +0.0873
Ag,3 0.000140.0060 —0.1896 + 0.0823
Ag, —0.0030+0.0060 0.0499 + 0.0801

8
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There is a kaon asymmetry because
O'(K_dinelastz'c) > U(K_I_dinelastic)-

The difference is due to the existence of Y hyperons: reactions
K~N — Yr have no KT N analog. Therefore

_ N(K7) - N(KT)
- N(K~-)+ N(Kt)

We measure the kaon asymmetry at D@ with 2.8 fb—1 of data in the
channel

< 0.

Ak

c— DT DO7T+, D° — ,LL+1/K_.
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DO Run Il 2.8 fb
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The Am = m(uK7) — m(uK) distributions of D*t events in different m(uK) bins for the samples
of “right" (solid line) and “wrong" (dashed line) charge correlation events. The background

distribution is rescaled to fit the tail of the signal.
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For each bin of pg, the 8 numbers n{ﬁ are obtained for the signal
and sideband regions, and for “right” (¢u-qx < 0 and g, -gr > 0), and
“wrong"” (qu-qx > 0 and g, - ¢gr > 0) correlations of charges.

The signal region is selected for each m(uK) bin to maximize S/v/S + B.
T he sideband region is Am = 0.19 to 0.22 GeV.

s?ld}c;

— NTSUg . rmgnt

b= Nwrong Nside
wrong

_ n7Stg
S_Nright_B'
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The result is corrected for sample composition of the DO decay:

No Mode Br, %

1 uTK v 3.51+0.11
2 utTK* v 2.17+0.16
a. K*~ — K70 1/3-Br(K*)
b. K* — K9~ 2/3-Br(K*)
3. uTwr v 0.28 + 0.02
4, /,L_I_p_l/, p- — 779 0.19+0.04

Corrected kaon asymmetry: A (D*) = A(D*)/fk.

fir = 0.91 4+ 0.04.

53



DORun Il, 2.8 fb?

-0.0052— | |

> oo01F | N I

s LT

£ .0.015F

g F [T

S 002 ]

¥ -

-0.025:—J

0.03
:..J.I.. Lo b b b b b b b by
0O 2 4 6 8 10 12 14 16 18 20

P, [GeVI/c]

Dependence of kaon asymmetry AKJ;(D*) on pg.



The kaon asymmetry in our J/¥ K sample was measured to be

Nprins
N;(J/PK)
A = 21 AK’i(D*)NZ(J//sz) — —0.0145 £ 0.0010 (stat).
1=

Then

Acp=A— A = (—0.0070 £+ 0.0060)
—(—0.0145 + 0.0010)
= 0.0075 £ 0.0061 (stat).
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Systematic uncertainties of Aop(BT — J/¢KT) and

Acp(BT = J/yrT).

Source J/YKT  J/pmT
+10 variation of the parameters

fixed during the fit 0.0002 0.0004
Fitting range variation 0.0004 0.0129
Likelihood parametrization

of the J/ym and J/yYK* signals 0.0025 0.0252
Background definition 0.0008 —
Unknown reconstruction efficiency

of some decay modes contributing

to D* sample 0.0005 —
Asymmetry of m reconstruction — 0.0002
Total 0.0027 0.0283
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Results: arXiv:0802.3299, submitted to PRL

Acp(BT — J/wK 1) = 40.0075 + 0.0061 (stat) & 0.0027 (syst).

This is consistent with zero, but is measured with a precision that
is of the order of the SM prediction (=~ 0.003). Our measurement is
consistent with the PDG-2007 world average, Agp(BtT — J/yKT) =
+0.015 £ 0.017, but has a factor of three better precision.

Acp(BT — J/¢nT) = —0.089 + 0.081 (stat) + 0.028 (syst).
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4. Conclusions
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e \We have placed the most stringent bounds on new models
predicting large values of Aqop(BT — J/YKT).

e VWe measure
¢s = —0.57 1335 (stat) TJ 0 (syst).
The SM hypothesis for ¢s has a P-value of 6.6%.

e For the case Al'th = Ar$M . |cos ¢s| we obtain
ps = —0.46 &+ O.28(stat)i‘8_‘827(syst).
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CP violation measurements have an
exciting future at the Tevatron!
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Backup slides
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1 fsig (Nsig) 0.0409+0.0013 (1967£65)
2,3 M, o (in MeV) 5361.4F1.0, 30.1F£1.0
4 7 (in um) 456+17
5 AT (in ps™ D) 0.19+0.07
6 [AL(0)] 0.41£0.04
7 [A0(0)]% — A (0)]? 0.34£0.05
8,9 51, 2 -0.52%0.42 , 3.17+£0.39
10 s ~0.5717)28
11 AM, (in ps D) =17.77
12 S 1.2440.01
13, 14 aip , ay -0.06+0.03, -1.45F0.08
15 as 0.68£0.11
16, 17 7~ I+ 0.049+0.004 , 0.155+0.004
18 i 0.035+0.003
19,20 | b_, by (in um) 65+3, 88£3
21 bit+ (in um) 399+21
22, 23 X2p , Xap 0.85£0.09, -0.60+£0.09
24, 25 Xo, Xa 0.39£0.17 , -0.23%£0.19
26, 27 Vi, , Yo -0.23£0.01, -0.10£0.02
28, 29 Y1, Yo -0.15%0.02, -0.00£0.04
30, 31 Zop , Zo 0.05£0.02, 0.27£0.06
32, 33 Int, , Inf -0.011£0.003, -0.018£0.001

Summary of the fit results for all free parameters (with non-linear Minos errors).

a; are coefficients of the mass polynomial for the background. f, and b, are nor-
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malizations and slopes of time exponentials for the background at ¢t > 0 or ¢t < 0.
X., Y, and Z, are coefficients of polynomials of cos?6, cos2¢ and cos? for the
background. Int, allow for interference-like terms in the background.



Definition of tagging “dilution”, “power” and “efficiency” :

D= Ncor_Nwr, PE&DQ, €= Ncor+Nwr.
Ncor + Nwr Ntot
“d" is the output of the tagger.
|d| D(B* — J/YK*) (%) D(B* — J/YK*) (%)
(MC) (data)
0.00 < |d| < 0.10 0.029 £0.014 0.024 £ 0.017
0.10 < |d| < 0.20 0.127 £0.015 0.154 £0.019
0.20 < |d| < 0.35 0.261 £0.015 0.275+0.018
0.35 < |d| < 0.45 0.302 +£0.028 0.397 £0.032
0.45 < |d| < 0.60 0.483 +£0.038 0.545 + 0.049
0.60 < |d| < 1.00 0.544 + 0.045 0.573 £+ 0.055

Dilution of combined flavor tagging in simulated and real B* — J/¢K* events for different values
of the |d| variable. All uncertainties are statistical.

d D (%) P (%)

0.00 < |d| < 0.10 | 0.056£0.024 0.10£0.08
0.10 < |d| < 0.20 | 0.127 £0.025 0.45£0.18
0.20<|d| <0.35 | 0.254+£0.026 1.60+0.33
0.35<|d| <0.45 | 0.323+£0.045 0.83+0.23
0.45 < |d| < 0.60 | 0.571£0.059 1.15£0.25
0.60 < |d| <1.00 | 0.556 £0.084 0.55+0.17

‘Total - 4.68 £ 0.54
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Dilution and tagging power of combined flavor tagging in simulated Bg — J/9¢ events for different
values of the |d| variable. All uncertainties are statistical.



Reversal of solenoid and toroid magnet polarities allows cancelations
of systematic uncertainties of the charge asymmetry.

1
ng' = ZN(1+qA)A +avAp) (1 + 7Aw)
X (14 gBvAu,)(1 4+ qBAB)(1 4 BvAs,).
6vq J/WK J/ym J/YK* background
T+ F | 5104£87 337 L 44 600 £ 77 4,079 £ 151
+ -4+ | 5131+87 220 1 42 680+78 4 170+ 151
+4+— | 499985 212 £ 40 767 +76 3,978+ 149
+-— | 5008%86 144 + 38 523+ 77 4 395+ 150
— 44+ | 4973186 158 + 41 578+78 4397+ 151
__ 4 | 5039+86 127 + 39 663+ 78 4,281+ 150
_4+— | 2965+85 242+ 41 794+76 3,880+ 148
___ | 4 906+s4 138 + 39 724175 4,006+ 147
Htot | 402001242 1,578 £110 5,429 £217 33,102 £ 425

Number of events in the J/v K, J/v¥m, J/4K™*, and background
channels in different 8vq subsamples. (3 is the solenoid polarity, v is
the sign of the pseudorapidity, and q is the charge.
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TOK

J /[

background

40,217 £ 243
0.5060 £ 0.0030

1,577 118
0.5060 4 0.0030

33,189 £ 424
0.5010 + 0.0064

—0.0070 = 0.0060

—0.0887 £ 0.0807

—0.0205 £ 0.0128

0.0013 £ 0.0060
—0.0033 =+ 0.0060
—0.0050 = 0.0060
0.0001 £+ 0.0060
—0.0030 + 0.0060

N
SECTE =

0.0453 £ 0.0890
0.2061 £+ 0.0826
—0.0207 £ 0.0873
—0.1896 £ 0.0823
0.0499 £ 0.0801

—0.0170 £0.0128
—0.0158 £0.0128
—0.0024 £+ 0.0128
0.0274 £ 0.0128
—0.0145 £ 0.0128

Physics asymmetry A and detector asymmetries for different

channels.
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Pseudo-experiments generated with Al = 0.14 ps—1 and

o o o
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Pseudo-experiments generated with Al' = 0.0 and ¢s = 0.0.
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