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program. Order 10% AI'/I'— CPV studies without tagging S

¢,: small in SM but succeptible to new physics phase inthe B, | B @ B
mixing box diagrams




E%I B physics at the Tevatron

» Large cross sections, all hadrons

* Many strengths to both but most important features:
— D@: muon system. CDF: displaced track trigger.

* Explore reglons of parameter space inaccessible to B factories
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Pk Signatures

Flavor specific B, lifetime in D uv
— CDF and DY

B.—D (¥D (¥ (so far assuming ¢, = 0 & pure CP)
— DO: (¢m)(guv). CDFE: (p7)(97)

CDF 7, (B.—K'K") (so far assuming @, = 0)

D@ Integrated semileptonic asymmetries
— 1nclusive like-sign dimuons, exclusive D v

B— Jw o
— CDF: first measurement, ¢, set to zero
— DO: first measurement with ¢, as a free parameter
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4 * BS—>DS( *)DS(*)

Current assumption: ~all CP even =>saturates AI'
— Can be verified with more data.

BF (B, »> D!"D") = (g)(l + O(ED

2I° I

D@: partial reconstruction D.— ¢z + D, — guv
— Includes D .* —D .y, direct measure of AI'

CDF: full reconstruction 2xD — ¢
— Doesn’t include D *, lower limit on AI

Both: error (and central value) dominated by D.— ¢z BF
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X B—K"K-

* Most straight forward measurement
— Pure CP final state
— Analog of K¢ —» 77
— No CPV: direct measure of 7;
— Future: any indication of K"K~ on 7, path
= unambiguous CPV

 Straight forward to understand, hard to do.
— Large and complicated 274~ sample
— Lifetime biasing trigger

* Possible at CDF due to displaced track trigger
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E?H Aq; Measurements

Direct measure of indirect CPV

)75 in B, mixing 0t
B f?s B Vi

D~
U 1 this versus this ] e
B B, B. Vi

Two samples

Exclusive untagged D, D u)Y=N(D u A’
seed B WNDp )= NDI) _ g untagged) ~ 2 tan g
Inclusive like-sign zu ND.u )+ND,u ) Am

N p)-Nu u) _

= A, (tagged) =2 A, (untagged)

N(u p )+ N(u )



B* Main Systematics

* Detector related asymmetries:

— Main asymmetry due to spectrometer geometry

— Controlled by looking at charge asymmetry for
different magnet polarities and different 7 regions.

e Kaon decay 1n flight:

— Asymmetric due to hadronic interactions

— Measured directly in data using kaons tagged from
D* decay




Exclusive D_u

Agq Results
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B—=J/y g

Analog to B’—J/y K¢ but VV instead of VP

P wave

J/y @

S,D waves




D5 B—Jly

Time evolution. pure even case

[(t)~|A,,,(0)|

f(t,even)=e 'V




D5 B—J/y

Time evolution. even plus odd components

L(t) = |4, () +] 4,0 ()]

+ A A(CP C ) CP conserving interference

f(t,even)=e™ "

f(t,odd)=e

CP states = heavy, light states




D5 B—Jly

Time evolution. even plus odd plus CPV

L(6) %[ A, (O +[ A, (O]
+ A" A(CPC)
+ A A(CPV)

J(t,even) = (1+cos g, Je " +(1—cos P, Ye

CP conserving interference

CP violating interference
between two paths

f(t,odd)~(1+cosg e " +(1—cosd )e

Heavy and light states
are mixed CP




D5 B—Jly

Time evolution. even plus odd plus CPV

L(t) = |4,,,, () +|4,. @)

+ A" A(CPC)
. CP violating interference
+ A A(CP V) between two paths

f(t,even) = (1+cosg, )e «-

Heavy and light states Same as seeing
are mixed CP K,—nrn

CP conserving interference




B.—J/w ¢ Results

450

CDF Run II L ~ 260 pb"

; B, — J/y o - data
— 203+15 siq. .
- candidategs Bl m(Sig)
C Fit prob: 93.4% m(Bkg)

e Data
— Total Fit
350 — Prompt Bkg

400

300

250

Candidates per 10.0 MeV/c

200

150

100 Fit prob: 81.8 %

50

54 55 vao v e by by by v o by vy by g by

5.1 5.2 5.3 5.4 55 5.6 5.7 5.8
- Mass (GeV)

U'Io

(LpKK) mass, GeV/c’

CDF Run Il L ~ 260 pb’

* Data

Bs >J/yd  —Total Fit
Mass 5.26 - 5.46 GeV

\
<
<
e~

-»data
Sig Ay

Total Signal

Slg Heavy

B kg Long-lived

Bkg Short-lived

Fit prob: 26.4%

Candidates per 25.0 1 m

candidates per 50 um




0

* Data
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B* Al Results

(Only DO J/w ¢ allows ¢#0 in his plot)

* DC 2006
+= CDF 2004

Jy ¢

D2, BR(D_*D,*)

¥

BE(D,*¥D,*)

SM calculation

-%%34 0.036 0.038 0.04 3 0.042§0.044 0.046 0.048 0.05 0.052 0.054

Average 7



¢, Results

semileptonic charge % DY - combined
asymmetry band {_’ B. > J/iyd
AT x tan(39) =-0.01+0.16 ps” —» A, constraint

l DT (B, — J/vy ¢) — SM

AI" = Al'gyy X |c0S(60)|
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4 7% Conclusions

« Now have information on all B; mixing parameters
from the Tevatron experiments.

— Very diverse program giving consistent results:
* Am,consistent with SM/CKM expectations
» AI consistent with SM calculations
 Interesting ¢, parameter space accessible at the Tevatron

» Excellent example of the complementary aspects of the D@ and
CDF programs

* Expect rapid improvements in precision on ¢,
— Doubling data set
— Results from both experiments based on full data set

— New modes and new techniques



Backup




X B—K"K-

* More details:
— K"K~ 1s always CP even
— No indirect CPV: even state = light state

— Also need to worry about direct CPV 1n the b—u
tree

» Tree pollution complicates the translation to AT



Pk Detector Systematics

Main detector related systematic is due to
geometry in muon spectrometer
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Pk Detector Systematics

Main detector related systematic is due to
geometry in muon spectrometer

Solve by flipping toroid
polarity regularly and
analyzing forward and

backward data separately

One charge
preferentially
goes 1nto gaps at
edge of
spectrometer

trigger/veta



E?H Physics Systematics: Kaon Decay

IP fiber tracker uranium calorimeter toroid

@) mEEm| |

silicon solenoid

muon chambers

Transverse flight path



E*I Physics Systematics: Kaon Decay

IP fiber tracker uranium calorimeter toroid

silicon solenoid muon chambers

Transverse flight path
Ll L L
————————————*

K*produce u” from weak decay




E*I Physics Systematics: Kaon Decay

IP fiber tracker uranium calorimeter toroid

silicon solenoid muon chambers

Transverse flight path
| | | | | | || | | | | | *
K*produce u” from weak decay

L

E

K~ stop more frequently in calorimeter from K-+ N —»Y + «
nuclear interactions. (No K" analog)




E%I Physics Systematics: Kaon Decay

IP fiber tracker uranium calorimeter toroid

@) mEEm| |

silicon solenoid

muon chambers

Transverse flight path
Ll L L
————————————*

K*produce u” from weak decay

/ # / - Measured directly in data using
x
(™= _pé'; kaons tagged from D* decay

K~ stop more frequently in calorimeter from K-+ N —»Y + «
nuclear interactions. (No K" analog)
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