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Outline

+ B physics at the Tevatron

* CP violation in Bg system
- Bs (ps) measurements
- A5 measurements

+ FCNC decays
- B> K*up and B> pup
- Bs>pp
- B2 90
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B Physics at Tevatron

* b production in pp collisions

b
>m< y b
GIuon Spllttlng

Flavor Creation Flavor
Excitation

* Fragmentation to all sorts of b-hadrons

* Challenge: o
- Trigger i
- Reconstruction \ ~c
- Total inelastic cross section is B I = L I R e

~1000 larger than b cross section
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Triggering

» Single-muon triggers (D) = semileptonic

» Dimuon triggers (CDF & DG) =2 Y, J/yX, puX,
semileptonic+tagging

| [|HII‘1|H

-2

L 1 N
015

Dlsplaced track Trlggers (CDF)
o +lepton = semileptonic
o x2 = fully hadronic
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B CP violation

» CP violation (CPV) - violation of symmetry of
physics laws in combined Charge-conjugate
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' , CP violation

CP violation (CPV) - violation of symmetry of
physics laws in combined Charge-conjugate

19 Jan 2010



e T,

[/ B°(f)>] M—is Mp—i=" [/ Bs°(f)>j
RV M _,-% M_,-% [ B2(1))

1 7° Am, =M, - M,~ 2\M,|
MOSS / ] —(/0/350>iq/35>) > s H L 12
eigenstates /H VP + G Ar, =, -, =~ Z‘Flz‘cos P,

If q/p=1=> No CP violation
Phase ¢>* = ar'g(— 7_4—} 0.004

12

New Physics effects: P, ¢ 405A or — 2165 — _2/}55’” +

ViV,
V.,

cs’ ch

g = arg( j ~nf +O0(£)~0.02

19 Jan 2010 B Physics @ Tevatron / S.Burdin 7



B.>J/y + @ analysis

. J/q/ + @ is an admixture of CP(even) and CP(odd) states

» Angular analysis is used to separate the CP components and
measure the lifetimes of each component and phase o,

X g 2810 + Data
" J/w rest SF By — Total Fit
| 2_200 g Y q) """""" CP-even
@ [ 5.26<M(B ) <5.46 GeV -~ CP-odd
c B e i
3 ctio(ct) > 5 SHIE ST
@150 kgrot

)08 0.6 04 02 0 03 04 06 08 1

Transversity
Angles 6 (transversity), ¢ and . ¢ is the angle between -p’K+ and
the z-axis in the rest frame of .

The an%ular' distributions for CP-even and CP-odd
states have distinctive differences

. @ rest frame
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B.>J/y + @ analysis

o B
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Analyzed: 2.8fb! per experiment

Signal events:
- D@: ~2000
- CDF: ~3200
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=
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b. and Al Results

D@ 2.8 fb ', with preliminary systematics
Ay
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b can be existence of
the 4t generation

(W.-S. Hou, et al., PRD
76 (2007) 016004 )
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Semileptonic B, asymmetry
oo MM > F)-TB(r) > F)
7 (B (f)—)f)+f'(8 (7‘)—)7‘)
* @%¢=a sl‘Ar /Ams Tan((ps)
* New Physics parameterization (A.Lenz&U.Nierste)
Ms = M3"* -, A, =[A,le*
Am, = Am?Y|A,|=(19.30+6.74)ps™ - |A,
AT, = 25| cos(p™ + ¢2 )= (0.096 +0.039)ps™ - cos(p + 2

S

| sinleS* +of)
\M“S 4|
M: |A|=1and ¢/ =0
ass, is very small in the SM: +2-:10-
+ Estimate from Ar,, AM,and ¢.: a,=-(8.4*>%_(,)-10-3
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Semileptonic B, asymmetry

%20000} D@, 5 b + Data
» Semileptonic samples at DO S | wensane —Fi
- Bs>pemX: 81 394+865 (5fb1) 5

10000

- Bs>pkK*K: 33 557+1200 (5fb1)
arXiv:0904.3907 (submitted to PRL)
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Semileptonic B, asymmetry results
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Flavor Changing Neutral

Current processes

FCNC decays are forbidden in the tree level in the SM
- Rates are highly suppressed in SM LW

b '/ \ S

uct

NP allows tree level processes and enhancement in loops

b Y% b /f\\x- S

Aio3 [

s iét

Dimuons in final state allow efficient trigger
Normalization to well known process with large statistics and similar

final state
: NSig gnor f /
BR(sig > X) = Lo 2RO . BR(norm— X)
Nnorm gsig fsig
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B>K®up and B> pup .
- 4 4fb1 - e
- Normalization to J/y+h 12N

*
where h=K,K",¢ b hgensd s b
' ' o
q 7 1 q
__ CDF Run Il Preliminary L=4.4fb" ~ CDF Run Il Preliminary L=4.4fb" __ CDF Run Il Preliminary L=4.4fb"
£ 0ol Yield:120 16 (142 expected) ‘% sol- :;e'd 152:33 12:3(;102‘1?§P90t9d) £ 22 Yield:27 + 6 (31 expetzzted)
2 | Mass:5277 + 3 MeV/c = | Mass: + 9 Mevie 2 5o/ Mass:5365+ 5 MeV/c
p i Q8 © 0 0 4 - o
< B Kl 2 50 B KWW | Sqqr B ou'w’
2 801 -+ Data T [ + Data 2. ~+ Data
2 i — Total Fit E': - — Total Fit g 1 6: — Total Fit
ool - Signal a0l = Signal " al - Signal
60[- Background | Background - Background
- 121
a0\ P i P
i g 8 1
201; + * P
i HE 6
zp X { £l |
- 10 H+ h, S N LU e +
| By 27 A
0 S | - r‘r’.l L ‘ -1...‘. Ll - | S | Ll U_I L1 1 | L1 1 I'.r"\. Ll | “I..T'*-l el \+f+| Ll 1l | Lol 1l O:I L1l | L1l LL 4+ 4-1'4'.: L1l |-“}J Aol | | | [
5 51 52 53 54 55 56 57 5 51 52 53 54 55 56 57 5 51 52 53 54 55 56 57
M(uuK) (GeV/c?) M(uuK ) (GeV/c?) M(upo) (GeV/c?)

19 Jan 2010 B Physics @ Tevatron / S.Burdin 16



Relative BR

BR(B*>K+py+u-)x106 BR(BO>K™y*y-)x106 BR(B;>@u*u-)x1068
CDF  0.38+0.05(stat)+0.03(syst) 1.06+0.14(stat)+0.09(syst) 1.44+0.33(stat)+0.46(syst)
HFAG 0.52 ‘5% 1.05 043 N/A
CDF note 10047
Precision is comparable or better than WA

B2y = 15t observation!
The rarest observed B¢ decay!

Agrees with theoretical expectation: 1.61x10
(C.Q.Gengand C.C.Liu, J.Phys.G29:1103-1118,2003)

Statistics is enough to measure the differential BR, K* polarisation
and Forward-Backward asymmetry
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Yot

BO>K™Ouu

. Forward Backward asymmetry
I'(¢*,cos(0,)>0)-T(g°,cos(0,)<0)

e (9) = I'(g°,cos(8,)>0)+TI(¢g",cos(0,)<0)
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@ 2 , w -S. Hou et al., PRD 77, 014016 (2008)
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NP: Br could be enhanced up to 100x
b p

b
h7AYa°
Aliza Ai22 AT
b
t

S H > K

w

<

+
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By 1u analysis

- CDF: 3.7fb"!
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. . 500[=
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By 1p results

*‘u ; T T T T I. ) T 3
.. . 1 S sof- B. B CDF Preliminary 3.7 fb
DZ Run Il Preliminary : L~1.9fb % 40F a..7s 0.8<v,,<0.95
o, 1O Run lib-I PBu:
o [ Blind Region £ 20F
> r . . Z 10
Q8 =
0 B o0
o I
o
o 6y
o | e 18
s i 2 16
14
o4 ; 12
3 — 10
) 3 i
& E
- LL 8¢
|
Og

7

DY note 5906

+ DJ (expected @5fb1):
- Br(Bs>puu)<4.3(5.3)x10-8 90%(95%)C.L. CDF note 9892

+ CDF (preliminary @3.7fb1):
- Br(Bs>uw)<3.6(4.3)x10-8 90%(95%)C.L.
- Br(Bd=>uu)<6.0(7.6)x10° 90%(95%)C.L.
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95% CL Limits on B(B; — uu)
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* History & Projection for Bs—>uu

CDF BR(B,—u*1’) Projection

Pr
ojected 95 o

-1
CDF Prel. 3.7 fb xci"s;'on

® Expected Limit : 3.3 X 10°
— Observed Limit : 4.3 X 10
- SES :3.2xX10°
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B:C’t &g ¢ Br(Bsetp(p)

- Displaced tracks trigger
 Normalization to Bs>J/yg

+ Using 2.9fb! CDF observed 295+20 events and measured
Br(Bs2>¢9)=(24.0+2.1+2.7+8.2)x10¢ (consistent with SM)

|
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- 8 501
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http://www-cdf.fnal.gov/physics/new/bottom/090618.blessed-Bsphiphi2.9/
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Summary

- The CP violation results from the Tevatron
show some hints of deviation from the SM

* The Tevatron FCNC analyses reached the
sensitivity necessary to test the NP
contributions to the rare B decays

- The data to be collected in 2010-2011 could
be golden for the B physics
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Muon Scintillators
—
Muon Chambers

DZero Detector

. Spc’rr'ome'rer' : Fiber and Silicon Trackersin 2 T Sol
* Muons : 3 layer system & absorber in Toroidal field

+ Hermetic : Excellent coverage of Tracking, Calorimeter and
Muon Systems

‘\ Calorimeter / “ “

‘ 1 o

“ ‘ | Toroid I -]
‘ o o

|

e
e

I . .

] ]

LI

Toroid &
solenoid polarity
flipped regularly

Low background
single and dimuon
triggers =>»

large B> pX

A i semileptonic samples



Detector asymmetries

Detector asymmetries were taken into account using a technique
developed for the dimuon analysis

> AF(LrqvAg)(1+vA L )(1+gPYA ) (1+PY AL, )(1+gPA,)

drift tubes q - muon charge
y - sign of muon n direction

b - toroid polarity

8 samples allow

toroid

.............................

e | to determine all
b [ ot : | + ---------------------------- deTecTor'
asymmetries
1000
Z (cm)

trigger/veto scintillators



CDF Detector

Muon chambers/scintillators, || < 1.5

T

Had Cal

'; .’__,_._.—--"_-'-J_""-"-w._.____
——MSK "
CMX (miniskirt)

Solenoid (1.4T)

west

EM Cal

east

Silicon, 7-8 layers Drift chamber, 96 layers, 40-138 cm



4th Generation helps!

»  Explains large CPV in Bs mixing
+  Explains the Km puzzle in B,/By: AA=Ay . 0- Ay« -~15%

Prediction: Large CPV in B, Mixing | {\¥]/

b ~ d Vcs VSb S

Vt s Vt ‘b

No Hadronic Uncertainty ... Sinz®p, ~ ~0.5t0 =0.7 5

. . Despite Amg,, B(b—s/) SM-like
STrengTh and S|ze Of Sln Z(DB WSH, Nagashima, Soddu, PRD’07
PRL’05

CPV George W.S. Hou (NTU) Wine & Cheese, Feb 6, 2009 43

» Baryon asymmetry due to the new CKM* matrix could gain ~10+13l




Global fits

Im Ag

Tigure 6: Tlustation of the bonnds in the complex A -plane for A,| — 0.9 and 42 — —x/4 We
assume the following overall uncertainties: ALJ, (red or dark-grev) : £13%. AT /AM, (yellow
or light-grey): £15%. af, (light-blue or grey) : +20% and ¢2 (solid lines) : £20%,

* The a, contributions are weak



BO> K™y
Forward-Backward asymmetry

BaBar, Phys. R

ev. D79, 031102 (2009) BELLE, Phys. Rev. Lett. 103, 171801 (2009)
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FIG. 3: Plots of our results for (a) Arp and (b) Fr for the
decay B — K*/T17 showing comparisons with SM (solid);

Ce" = — 2" (long dash); C5"CT6 = —C5"Ciy (short dash);
O =~ ool = —C§T O (dash-dot). Statistical and

systematic errors are added in quadrature. Expected Fr wal-
ues integrated over each t}‘g region are also shown. The Fp
curves with C§C*® = —C§"C5E are nearly identical to the
TWo curves .‘:'-IIU\—'\'II.



