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1. Introduction:

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



CP symmetry: particle $ antiparticle, and (x;y;z) $ ( x; vy; 2z).

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= and
BT ¥ J= K™ decays.



Extensions of the Standard Model with new sources of CP violation:
Multi-Higgs Doublet models with no \Natural Flavor Conservation'*
Supersymmetric models with \E ective SUSY""

Supersymmetric models with \R-Parity Violation™
Left-Right Symmetric models with V| 6 Vg
4th generation models, and

Z-mediated Flavor Changing Neutral Currents.

JoAnne L. Hewett, hep-ph/79803370 (1998)



If CPT is a symmetry,
| a # a

I_ j— I
dt Bs(1) M3, m 2

The eigenvalues are

1
|V|s+§ Ms —( s
1 I

Ms = Ms —( s+
8284(8

where Ms > 0 by de nition.

The CP-violating phase is

s);

Bs(t)
Bs(t)



The observables are Ms, s, s,

Ms = 2jM735j; s = 2j §sjcos s;

s __ 12 . _ S
ag = sin s =

M3, Ms

tan s:



The semileptonic charge asymmetry is
oS N(Bs ¥ f) N(@Bs ! f)
Sl N(@Bs ¥ )+ N(Bs ¥ )’
where T is a avor speci ¢ nal state to which only Bs can decay.

Notation:
S 1=,
S S H:



B? $ B? mixing in the 2 Higgs Doublet Model of type Il. Mi>. hep-ph/0210167
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New Physics may alter M1»:
M$, MM c=MIMS el s
s= M+ ¢ =0:0042 0:0014+ ¢ ;
Ms= MSM j (j=(@19:30 6:74)ps ! | s

s =2]j fscos s=(0:096 0:039) ps * cos s;

1 S cO COS
s=J 1) E s _ (497 0:94) 10 3 22
Ms |\/|182|VIS | Y ) sl
1 S 'n S-n
ay = 12 S s 497 004y 103 30
MlszM,s j s | Y

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



The s obtained from ts to Bg ¥ J= Is slightly di erent:

s= 2s+ ¢ = 004 001+ ,:

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



=3

Constraints on New Physics in the s complex plane (at a con dence
level of 1 standard deviation).
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Footnotes:
s = 1 Iin the Standard Model.
Red: from Ms=17:77 0:12 ps 1 from CDF.
Yellow: from s= Mes, with s=0:17 0:1ps 1fromD

Blue: from agl = ( 88 7:3) 10 3 from a combination of D
experiments (for the case agl = SM value).
Forward and backward solid wedges from s = + or 0:17 0:10

ps 1 from D .
Dashed wedge from s= 0:79 0:56 from D

The current experimental situation is 2 deviation from the SM.

From Alexander Lenz and Ulrich Nierste, hep-ph/0612167, November 2007.
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2. Time-dependent 3-angle ts to tagged decays Bs ¥ J
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Bs ¥ J=

By ¥ J= K (892)°

=0 1"Jd=1) (=1

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

Amplitudes:

Ap(0): both V’s longitudinal, CP = +,

A (0): V’s with transverse linear polarizations parallel to each other,
CP = +,

A-(0) : V’s with transverse linear polarizations perpendicular to each
other, CP =

IAK(0)j% + jA2(0)j% + jAg(0)j* = 1:
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Observables:
jA2(0)], JA0(D)j*  jA; (D)%,

1 arg AL(0)A>(0) it =2
n (@)
2 arg Agp(0)A-(0) o+ ».

1 and - are CP-conserving strong phases.



Ae | y
Jy rest frame

) ?

J/qj': o
" ¢
- X
K
" Y Piagng
Angles (transversity), > and . is the angle between @', . and

the x-axis in the rest frame of
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Di erential decay probability

! _
d* B " J= (¥ * ) (¥ KTK )I

dcos d”> dcos dt
2 cos? (1 sin® cos? ) jAo(t)j2
+sin® (1 sin? sin??) jA (D)
o +sin® sin?  jAS(1)j?
+(1= 2)sin2 sin? sin2” <(Ag(H)AL(D))
+(1:p§)sin2 sin2 cos” =(Ap(t)A-(1))
sin®  sin2 sin” =(A (1)A-(1)):

/
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Polarization amplitudes for BQ(O) (upper signs) and §2(O) (lower
signs):

h _ I
Ao(D)j? = J'Ao(O)J'ZhT+ e tsin s sin( l\/lst)i;

IADIZ = IAKO® T+ e fsin s sin( Msb)
_ 1
A-(Dj° = jA-(0)j% T e 'sin s sin( Mst) ;

where h :
T =(@=2) (1 cos g)e L+ (1 cos g)e HU:
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<(Ao(WA(MD) = JAo(ONAK(O)Jcos( 2 DIT+

e tsin ¢ sin( Mst];

=(Ao(DA2(1) = jAo(DjiA>(Djl e '( sin pcos( Mst)
cos o»sin( Mst)cos s) (1=2) e HU e LY sin 5 cos »l;

=(ADA>(D) = JA(D]jA>()j[ e '( sin jcos( Mst)

cos 1sin( Mst)cos s) (1=2) e HY e LU sin g cos 4];
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Tagging

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

Tagging: Measurement of the Bs or Bs avor of the meson at t = 0.
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De nition of tagging \dilution", \e ciency'", and \power"":

Ncor Nwr.

D ,
Ncor + Nwr
" Ncor + Nwr_
Niot

P "D2:

The tagging power for Bs ¥ J= IS 4:68 0:54%.

It was callibrated with B T J= K



opposite side | vertex side
jet charge _
» fragmentation
/ R . kaon

V.

Tagging methods

neutrino
/

~,~
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Simultaneous unbinned maximum likelihood t to the proper decay
time, 3 decay angles, and mass. There are up to 33 free parameters
In the t.

The likelihood function is

K
L = [fsig sig + (1 fSIg)Fbck]
=1

where N is the total number of events,
fsig IS the fraction of signal in the sample, and

Slg (F ck) describes the distribution of the signal (background) in
mass, proper decay time, and the 3 decay angles.
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Constraints

We constrain Mg = 17:77 0:12 ps ! from CDF.

The t to tagged Bs ¥ J=  data has a two-fold ambiguity:
1. >0, cos >0, cos 1=>0, cos »<0O.
2. <0,cos <0, cos 1<0, cos »=>0.

For By ¥ J= K, the solution ;1 = 0:46 and > = 2:92 is prefered over the
solution 1 = 3:60 and > = 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 1 = 0:46 and > = 2:92 with gaussians of widths =5, to allow
for SU(2) avor symmetry breaking.
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prompt background suppressed.

24



£10°E
3 F D@ , 2.8 fb' Data
2 A 0 — Total Fit
V10°E Bs -~ Jwe . Total Signal
@ C
% - {t Mass 5.26 - 5.46 GeV ..... cp_ayven
%1025— 1#% e CP-odd
=) - '
© B q . Y
1 — ¢ ::.. . .‘ d " [ ®
10'1_| ] ng| R R B J““I. . '("';',’ L1 | I
-0.1 0 0.1 0.2 0.3 0.4 0.5
ct (cm)
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free S oM h
~s (Ps) 1.52 0.06 | 1.53 0.06 | 1:49 0.05
s (ps ) | 0.19 0.07 | 0.14 0.07 | 0:083 0:018
jA-(0)j 0.41 0.04 | 0.44 0.04 | 0:45 0:03
jAcj> jA;j® | 0.34 0.05 | 0.35 0.04 | 0:33 0:04
1 0:52 0.42 0:48 0.45 0:47 0:42
2 3.17 0.39 | 3.19 0.43 | 3:21 0:40
s 0:57" 5% 0:04 0:46 0:28

Ms (ps 1) 17.77 17.77 17.77

Summary of the likelihood t results for the case of free
0:04 as predicted by the Standard Model, and for

case

S

th —
S

SM

S

jcos

s

s, for the
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For comparison:

‘w E % Constrained 1
204F . D@ ,1.1fb
|_m0'35_ Combined
< 0.2 semileptonic
- charge
0'1:_ asymmetry
of_ band
-0.15_...‘
0.2 )\
-035_ METT TR AT
0.4 WA =Alg, x |cos(q)]
_0.5: 1 I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I

Wk

-1 0 1

t to untagged Bs ¥ J=

2 .3
@, (radians)

with 1.1 fb 1 (dashed

blue line), and same with agl constraints (solid red line).
( 2InL) = 1:0. D collaboration, hep-ex/0702030 (2007).
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Sources of systematic uncertainties

Source s (ps) s (ps D)
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
Ms input 0:01 0:001
Total 0:01 +0:02; 0:01
Source JA-2(0)] iA0(0)jc  jA;(0)j° s
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
Ms 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:

We measure:
s = 0:57" 32 (stat) 054 (syst),
s =0:19 0:07(stat) 5 5c(syst) ps 1,
(B =1:52 0:05 0:01 ps.

At 90% C.L., 1:20< s < 0:06, and 0:06 < s < 0:30 ps 1.
The SM hypothesis for s has a P-value of 6.6%.

For the SM case s 2 s = 0:04, we obtain
s = 0:14 0:07(stat) 5 5c(syst) ps 1,
—(BY) = 1:53 0:06 0:01 ps.
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For the case th= M jcos sj we obtain
s= 0:46 0:28(stat) o4 (syst),
—(BY) = 1:53 0:06 0:01 ps.

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



Comparison with other experiments:

From the CDF analysis of 1.7 fb 1 of tagged Bs ¥ J=  with
external constrains: 1:20< s< 0:40 at 68% CL.
Shown is the D s sign convention, which is opposite to the CDF 2 . FERMILAB-PUB-07-

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

A combination of previous D measurements obtains
s= 0:70"334 with a 4-fold ambiguity.
Phys. Rev. D 76, 057101 (2007).
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3. Search for direct CP violation in BT ¥ J= K% and
BT ¥ J= T decays.



We measure
(B ¥ J= K) (BT 1 J= KY)
ACP )
(B 1J= K )+ (B* ¥ J= K%
with 2.8 fb 1 of data.

The decay B ¥ J= K ( ) proceeds via the tree level diagram
b ¥ ccs, and the penguin diagram b ¥ s . Their interference pro-
duces an asymmetry, predicted by the Standard Model (with input
from experiment), to be of order Acp 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/70605080 (2006).
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Unbinned t of the invariant mass distribution of the
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Channel FHevents
J= K 40,222 242
J= 1,578 119
J= K 5,429 217
Background 33,192 425
Total # of events in the signal region 80,422




Begin digression
Precision charge asymmetry measurements
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45



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

Obtain number of events in 8 g bins. Is the solenoid polarity,
IS the sign of the pseudorapidity, and g is the charge.

ng = N (@+FaAI+q AL+ Ageo)
1+qg Ay )A+qg A)A+ A )
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End of digression
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Unbinned t of the invariant mass distribution of the

12000

¥,710000

o0
o
o
o

I§I|I/II|III|III|III|IIII

6000

4000

Entries/0.03 [GeV/c?

2000

“DORun Il, 2.8 fb?

— TOT FIT

-— -
—
D T —

-...,,...". '..l - ° - N

., . A ®
T T TN AR St ke 120 OO R TEOR TR o0d wid il il il e T T S AP AV TNE AN TR N A NOO0 NN MO AN N

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

K system.

48



Physics

asymmetry A and detector asymmetries for di erent
channels.
J= K =

N 40; 217 243 1:577 118

+ 0:5060 0:0030 0:5060 0:0030

A 0:0070 0:0060 0:0887 0:0807
Afp 0:0013 0:0060 0:0453 0:0890
Adet 0:0033 0:0060 0:2061 0:0826
Aq 0:0050 0:0060 0:0207 0:0873
Aq 0:0001 0:0060 0:1896 0:0823
A 0:0030 0:0060 0:0499 0:0801
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There i1s a kaon asymmetry because
(K dinelastic) = (K™ djnelastic):

The di erence is due to the existence of Y hyperons: reactions
K N TY have no K*N analog. Therefore

_N(K ) N(KY) _
N(K )+ N(K%)

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

K
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The m=m( K ) m( K) distributions of D ™ events in di erent m( K) bins for the samples

of \right'" (solid line) and \wrong" (dashed line) charge correlation events. The background

distribution is rescaled to t the tail of the signal.
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