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" Introduction : Three Types of CP Violation

® ) Direct CPV (decay of hadrons)
®B’~»>K " [lfb',CDF]
® Ay>pm and A, pK [1fb',CDF]
® B'> J/PK' (") [2.8b", DO
® B'> DK' [l fb', CDF]

® II) CPV 1n mixing (semileptonic decays of neutral mesons)
® flavor-tagged measurement of B’ semileptonic asymmetry, a’y
[2.8 fb', DO; 1.6 fb'', CDF]

® [II) CPV through interference of mixing and decay
®inB’ - JWo O B, [2.8fb*, CDF & DO
® All threetypes of CPV can be tested at the Tevatron

e Highlight results for the B_ sector in the following (but B, results
N are as good or better than B-factories for several channels) 2 )




Introduction to the Tevatron

Luminosity (1/pb)
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® Excellent performance of Tevatron accelerator

® Peak Initial Luminosity recent record : 3.6x10%* cm™ s™
® CDF and DO have already >4.5 fb! on tape

® Expect 6 tb! by 2009 ( 8 if 2010 extension approved)

® The analyses presented in this talk span from 1 to 2.8 fb™

-




CDF detector

eDrift chamber (COT)

= Good tracking resolution
o(p,)/p, ~ 0.1 % GeV"

e Silicon vertex detector

= Good vertex resolution

= Important for triggering
(using a displaced track trigger,
SVT)

e TOF detector and dE/dx from COT
— Good particle identification
* Muon Systemupton| < 1.5
= Important for triggering




[m]

DO detector

* Good coverage of Tracking and Muon system ( Inl<2.2)
e Good calorimetry and electron identification

 Solenoid 2T: weekly reversed polarity

e High efficiency muon trigger

e Silicon vertex Detector

— (Good vertex resolution
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CP violation (I) :
Direct CP Violation




Direct CP violation in By ;2K
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Tree and penguin topologies contributing to the U-spin-related B — m+m—,
B? - K*K— and BY — 7~ K+, B? = n* K~ decays (q,¢' € {d, s}).

® Interference between Tree and Penguin amplitudes may generate
sizeable direct CP violation

® Sensitive to CKM angle ¥

® Theory predictions uncertain (strong phases)

® Usetul combining B and B_to test/use flavor symmetries ( U-
spin, SU(3), etc. )

® Direct CP violation is decay property, it 1s the difference of
\_ decay rate between By~ final state and By final state




" Direct CP violation in By, PKm

CDF Run Il Preliminary L|m=1 fb '\

® Large signal selected through the displa- “22 mm:_ B
ced track trigger. Superposition of Bi?Kn, & I ; E%E o i
B,>nn, BoKK, B.>Kr and A, (@ p WK ) ; o = BE: ﬁ:ﬁm
® Multidimensional fit to kinematics + 2 | B 2 i 7 B
dE/dX information to separate components & E S
® B0 signal yield and resolution comparable 200
to B-factories (with 1fb"' of Tevatron data) .
® [* observation of B, K7 mode and 1* Invariant rr-mass[GeV/c’]
measurement of direct CPV A L N (B > K p)-N(B> =Kp)

CDF Run Il Prefiminary " N(B’ —>K'p )+ N(B°
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® Acpis 2.5 o different from O

® Compatible with expectation
[H.J.Lipkin, Phys. Lett. B 6212, 126

(2005)] : Acp = 0.37
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" Results on direct CP asymmetry from /\, = ph

CDF Run ll Preliminary Llnt=1 fb!

® Same quark level transition as B2XKm < soof-

® SM expects large direct CPV for
Ap = pK [ O(10%)]

® Very little known from theory

® Another decay to test SM and

« Data — Total
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0.2 0.4 0.6 _ 0.8 1 % 0.2 0.4 0.6 0. 1
Relative Likelihood A (AL,— PTT) Relative Likelihood A_ (AL — PK)

Ap (A, > pr) =0.03 £0.17£0.05 A, (Ap 2 pK) = 0.37 £0.17 £0.03
{1 *measurement at 2.16 from SM expectation (still consistent with %1\9
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B+>J/WK™ (TT7)

. New Measurement of Direct CPV in

N -1
12000 DO Runll, 2.8 fb
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PRL 100, 211802 (2008)

® Probes b — ccs transition
® SM predicts A ,(B*>J/PYK*) ~
0.003

® NP might produce asymmetries
up to ~0.01

® DO has around 40000 B*=»J/YK*

SRS R R 5 he T g A NB —J/UK (1)~ NB'—J/pK*(r*)

"TNB = JJUK (m )+ NBT = IUK (7))

® Main effort driven to understand the detector asymmetry (using
D™ » D’ x* with D’ » uv,K )

Ap(BT = J/PK*) =+0.0075 £ 0.0061 (stat) = 0.0027 (syst)
ApB - I/PTT) =-0.09 £ 0.08 (stat) + 0.03 (syst) 10




- Measurement of Direct CPV in B*-DK*

CDF Run Il Preliminary Lim=1 fb

s o N ¥2 = 43/46
® Significant number of B*>DK* %™

Negative charge:

events (this analysis ~ 120 100 P B,
i . B
B*»DpK* events) J[ E_’}E?;"
[ e 1]

combinatorial background

o
L=

® Kinematics + PID separation
allow firm establishment Cabibbo £ +

quency per 8.6 MeV/
[=+}
=

_I:|—II|III]I[I|III|III|
X
o
s

suppressed D° decays (CP+). 20l
Resolution as Babar/Belle n =L e e 3 |
KKz mass [GeVic?]
Ace.
BABAR (arxiv:0708 1534) i —— 0.35 £0.09+£0.05
Belle (erp 73.051106020060 '—}-.—- 0.06 £0.14 £ 0.05
CDF Il —@— 037 £0.14+0.04
Old AVG  (Babur-Bele e 0.26 +0.08
New AVG Babor-Beliescf) | gy 0.28 +0.07
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CP violation (ll) :
CP Violation on mixing

12
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B°, semileptonic asymmetry, a°,

® New flavor-tagged measurement of B " semileptonic asymmetry, a°,
® B D UvX - [¢p1r] p'vX

® Muon gives the final state flavor, use flavor tagging to get flavor
of 1nitial state. DO trigger selects 100% tagged events

® E laborated fitting procedure depends on lifetime, Al', Am, and a°

| @ candidates |
14000

8 ook [Lat=28m" Most precise measurement to date!
310000:—

D@ Run Il Preliminary

N, = 53592+ 718

as; = —0.0024 £ 0.0117(stat) 70 0osa (syst)

Previous, D0 untagged measurement
a’, =0.0245 £ 0.0193 (stat) = 0.0035 (syst)

Previous, CDF measurement (1.6 fb™)
| | ] (dimuon charge asymmetry)

T pov o b v b by 1l Ll T I T B
1.75 1. 185 1. 1.95 2 205 21 215 22

mikn, Gevie  g° = (0.020 £0.021 (stat) + 0.018 (syst) 13
KWWW-dO.fnal.gov/RunZPhysics/W WW/results/prelim/B/BS5/
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CP Violation (lll) :
CPV through interference of
mixing and decay

14
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3./ peyond the Standard Model ?

® B-factories. large new physics (NP) disfavored in ‘tree’
processes. If any, look in loops Am, = Cy Am.LQCD-

. . dominated uncertaint
® NP factorized into a / | e
(M | Ht-]r]['” |1l_f} , Expgrmentally-dommated uncerta!nty
i ~ :‘wf, @ This measurement is today’s topic
_ (M|HSM| M)
To constrain NP both, measurements needed
® CP violation in BY predicted to be extremely small in the SM.

® Contribution from new physics could come through the
enhancement of loop processes

What Is what we measure?

® Jook at any difference in properties like decay rate, angular

decomposition of the amplitude, etc between a decay and its “mirror
image” resulting from C and P transformations 15 )




g

dominant

CP Violation in B, = J/W¢ Decays h

e Analogousdly to the neutral B° system, CP violation in B, system
occurs through interference of decays with and without mixing:

B'— = J/YK% B!———= J/¥¢

contribution \ / \ /

from top quark ~“RY” - Bg 7

® New Physics CPV can compete or even dominate over smal

\ = sin(2p) = sin(2f3,)
8
A
) ) E

Viud Vus Vb
) ~ 0.02 Vea | Ves Ve
/

Via | Vie Vi

b
BV = arg(—ViVij/Ves Vo

ch

Standard Model CPV phase (3, predicted to be O(10 ?)

16

\ @ ldeal place to search for New Physics J




Measurement Strategy

® Reconstruct B - J/P(- p'p) @ - KK)

® Use angular properties of the J/Q @ decay to separate angular

momentum states which correspond to CP eigenstates

® [dentify 1nitial state of Bsmeson (flavour tagging) and thus

separate time evolution of B and B ° to maximize sensitivity

to CP asymmetry (sin 2[3,)

® Perform un-binned maximum likelihood fit to extract signal

parameters of interest (e.g. B, A= -I",)

17
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Data-driven checks

Angles Mass-lifetime
CDF Run Il Preliminary L=13f" CDF ” Pre”mina L=1 T fbf1
- : ry
% 8 » Data
o 1500 4 —— data To) 3 — Fit
§ — fit aV} 10 3 — Gj |
© B” > Jiy K* 5 . igna
= [ Background o — Background
™~ i [0
31000 o)
2 E
g 2
s ©
T @)
=
[3]
O
5.2 5.3 54
Mass [GeWcZ]

56 T 6 (stat) T 6 (syst) um

2 =0.569 £ 0.009 (stat) = 0.009 (syst) ct [em]

A= 0211 = 0.012 an + 0.006 (-0 Measurement w/o flavor tagging

2.96 = 0.08 (stat) = 0.03 (syst)
2.97 7 0.06 (stat) = 0.01 (syst)

PRD76,031102 (2007)

Measured polarization of B°=>J/\» K*: consistent w/ B-factories (and competitive!)

Recent D@ analysis shows consistency of B®— J/ip K*°strong phase and

Qmplitudes w/CDF (arXiv:0810.0037v1) as well.

\

Flavor tagging: OST, SST

o 2_CDF Run Il Preliminary L=1.01"
¢ Alo, = 6.05}
s il
op D
05F
4?
1'2;A(.Amfﬂ?-??)ﬂ-%.iQ-ZO. i s Cppgal ey
“0 5 10 15 20 25 30 35
Am, [ps]
OST tuned on B
SST tuned on MC, checked

on mixing measurement ‘a
posteriori’

18




: CDF’s Flavor-Tagged B.° - J/Q¢

Recent update CDF Run Il Preliminary L=2.38 fo

. —— SM prediction
finds 1.80 (p-value —~ 0-6F — 95%C.L.
: 0 — 68% C.L.
=7%) discrepancy & 0.4
with SM predic- 'F

tion for 3 "%

0.2

________________________________________________________________

0.0

This analysis uses -0.2
2.8 fb (but equiv. to
2.0 fb!, no PID 2™

half ) -0.6

-0.4

== New Physics

-1 0 1
B. (rad)
www-cdf.fnal.gov/physics/new/bottom/080724.blessed-tagged_BsJPsiPhi_update_prelim/

Expect further improvement in statistical precision shortly! 4
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with CDF

" Similar Discrepancy Observed by - u22ee
DO in Flavor-Tagged B.° - J/W¢ |

® DO observes afluctuation consistent

® Choosesto quote the resultsin terms
of @.=-2B3, (arXiv:0802.2255)

AM, = 17.77 ps”

0.12—
o
0.1 ; f:l Algy % [cos(o,)|
0% 45 4 s 0 08 1

. . T
® Discrepancy w/SM is 1.70, 6.6 % Comparison : CDF nd Do
A trends are 1dentical
Yo L DY, 2.8 fb” o ,
Loa . B Jiy 0 Ambiguity in strong phases is the most
3 ] severe limitation in this measurement

1 1
b, (radian)

5 strong phase constraint 20

p-value = 0.885
1.720 from SM

| . I . . ) 1 ) .
-1 0 1 2 3

Recent D@ analysis shows
consistency of strong phase and

amplitudes in B - J/W$ and
BO- J/P K* and supports the

(arXiv:0810.0037v1) -




Tevatron combination

arxiv:0808.1297v1
: -1 -1
Combine CDF and DO =& 0s——mrt22 28l - .:

: i : I
IS0-CL regionswithno & ¢t o0 -
constrains and previous- s N 6 i

ly checked for coverage: d *

2.20 consistency with 02/
p-value = 0.031
SM . a4t 220 from SM
-0.6 - - - L 5 ]
-1.5 -1.0 -0.5 0 0.5 1.0 15
By ¥[rad]
New CDF result not included in combination! 1
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g Future A

® Tevatron can search for anomalously large values of [3,

® Shown results 2.8 fb!, but 4 tb! already on tape to be analysed soon

® Expect 6-8 fb! by the end of the run 2

® Assuming no improvements (so everything as in PRL100, 161802 (2008))

L
6fb! 0.8]

CDF only

0.8}
0.6} 0.6}
0.4} 0.4

CDF+D®

Probability of 5 observation

0.2; 0.2} (assume twice CDF)
04 05 06 07 08 04 05 06 07 0.8
B, (radians) B, (radians)

®CDF analysis being improved and optimized: better flavour tagging,
calibrated PID, more statistics from other triggers

22
\_® If B3 is indeed large CDF and DO results have good chance to prove it /




Conclusions

Many new and unique results of CPV at the Tevatron.

- Measurement in B using B2 K7 decays

- Measurement of direct CPV on b-baryon decays
- Evidence for direct CPV in the B sector

- The most precise measurement of a’y to date

- Measurements on 3, :

* CDF update on larger dataset confirms old result and
provides tighter constraints ( 15% to 7% agreement with SM),
although several ingredients are still in the work

* Both CDF and D@ observe 1-2 sigma [3, deviations from

SM predictions. SM agreement reduces to 2.20 when combined.

* Interesting to see how these effects evolve with more data
Very rich physics program and still promising 23
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Back up

24




Systematics

- Systematic uncertainties studied by varying all nuisance parameters +/- 5 @ from observed values

and repeating LR curves (dotted histograms)

- Nuisance parameters:
- lifetime, lifetime scale factor uncertainty,
- strong phases,
- transversity amplitudes,
- background angular and decay time
parameters,
- dilution scale factors and tagging
efficiency
- mass signal and background
parameters

- Take the most conservative curve (dotted
red histogram) as final result

ideal 95% CL

real 95% CL
real 95% CL
+ syst error

,,,,,

OII|

5

L
10

Likelihood Ratio




~ CPvidlating phases: ¢s vs [ A
® ZBS: Zarg ['Vtthb*/ VCSVCb*] - 440 (SM) phase Of b_)CCS
transition that accounts for interference of decay and mixing+decay

® @=arg[-My/l ;] ~0.24° (SM)

arg[M,|=arg(V,V.*)?> matrix element that connects matter to
antimatter through oscillation.

argll 1,1 = arg[(VoV* )2 + VV* WV Vo + (Vo V* )7 width

cs ' ub us

of matter and antimatter into common final states.

® Both SM values experimentally unaccessible by current experiments
(assumed zero). If NP occurs in mixing:

.= @M + QNP ~ QNP
ZBS =2 BSSM _ (psNP - _(psNP
26

\__ standard approximation: ¢, =-2. /




\\\
CPV Phases in B.° Sensitive to New Physics

Mixing governed by Schrodinger eqn.

i (Joben) = (= 2F) ({350

[BI) = p|BY) — ¢ |BY) BY) =p|By) + q|BY)
Measured at
Am =m,—-m, = 2IM,,l — Tevatron in 2006!

Al =T, —T,=2Il,lcos(,),
where ¢ = arg(—-M .,/ ,) ~0.004 in SM

® CPV in B J/Wé gives access to phase, sensitive to NP
VBV;
V.V

cs ' cb

J
§

~0.02 <

=arg




CDF Run |l Preliminary

L=2.8fb"

28J




