Selected B Results

From the other B factory

e Collider and Detectors

e B hadron spectroscopies
A, lifetime

- Br(8? »D{'D))

- B, B

— B, mass

e FCNC rare decays
- Bg,By > u'y
- B > u'u
_ D+ _)ﬂ+ﬂ—ﬂ_+
e Bs mixing and lifetimes

— lifetime difference AT,
— oscillation frequency Am,
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Weekly Integrated Luminosity (pb™)

Tevatron Collider

e integrated luminosity
delivered.:
~1.6 fb1
per experiment

New Muonlab

e record instantaneous
luminosity:
1.7x1032 cm?2 st
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The Detectors

Recorded 1.4 fb1

B physics capability:
large tracking volume,
vertex trigger,

large tracker,

particle ID,

large trigger bandwidth ...

— :  ] !HH“,H,H !!!
e ..y '”
L% Hﬁﬂﬁﬁﬁ“ u

recorded 1.2 fb1

B physics capability: - o m:“:__‘:w,__,j |
a magnetic compact tracker, § 15
large muon coverage,
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B Production @ Tevatron

Good: Larger b cross section

~100 pb — 10kHz real b's N
+...
%

Bad: even larger cross section

from QCD backgrounds Elavor Creation e avor Creation
~50mb ! (annihilation) (gluon fusion)

| Jhy Mass Silicon Selection |
x10° _CDF Preliminary f L =260 pb”

Keys:

> X
Trigger to select b candidates = 120;‘” V—HH Ny, =zt
CDF: p, secondary vertex; g1
D@: p only 5 sof
Large bandwidth to record them sof o
CDF: ~ 100 Hz to tape ; oo »—KK
D@: 50 Hz “r .
20[ P
All kind of B hadrons are -,———,—-/,f,\,-—-,——l- -
produced: Bd! B : B , B**, Ab’ Eb! o2.95 3 3.05 31 315 3.2 3.25 7
- B*. B: ~80% S ¢ e Jiy Mass (GeV/c?) -
= o @ Run Il Preliminar
* B, b-baryon: ~10% w7 o
- B.: ~0.05% w-

nlLl L 11 ‘ L1 L1 1 1 1 1 L1 1 L1l
09 099 1 101 102 103 104 105 106 107
m(KK) GeV/c?
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V
W
S
S

Entries / 10 Me’

A, Lifetime

A (udb) baryon, the lightest with a b-quark

u u Full Ay - J/y A reconstruction
| [ :
Apl d — 1 d | A with Jly — pp and A — pr
S
CDF Il Preliminary 1.0 fb \ Bd _)J/\V(MM) KS(TCTC) fOI’
5 Jhy cross checks
20 A, Lifetime Measurements
200 4 T2 /T ppg 05 06 07 08 09 1 1.1 1.2
_____ CDF i Preliminary 1.0 fb_ ALEPHA | e g 13, 003
1501 | . Datal ] (91-85) © 1z
100] Signal 1 ALEPH AL T —e—  1.30 2+ 0.04
50, — Bkg | OPAL A. | —e——1 129 24006
PDL > 200 um . ]
e Lll‘ L etateiietaa — Signal+Bkg DELPHIA, |  |—e— 1.11 39194 0.05
545 55 555 56 565 57 575 58 . (91-95)
upnp Mass (GeV) ct=477.6+24.2 um CDF Al —e—1 1.32+0.15 + 0.06
10: (92-95)
g DO Jpy A° —— 1.22 024004
EPIE_E[eIim Jiy A" e 1.59 + 0.08 + 0.03
1 E 11,1 PDG 2004 . L
World’s g . 0.4 06 08 1 1.2 1416 18 2 22
[ A I AN Ay lifetime [ps]
Best ! 2000 1000 O 1000 2000 3000 4000
P D Length
roper Decay Length (um) The new measurement appears to be
10,083 “interestingly” above the previous
7 =1.9937 5 (stat) £ 0.033(syst) ps world average. Time will tell...
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Full reconstruction:

S)e:

with D, — ¢, KK, mrr

Br(B) - D!D;)

o

CDF Preliminary 355 pb'1
>

Entries per 5.0 Me

6 [JDpata
(] Total Fit
5 [ 2N D; D,
Bs — Dg Dg
[777] B — Ds D, Dy — KK
4 B— D, X, D, > ¢n

Bs — D5 D; (¢ m) (¢m)

Mass Window: [5.351, 5.383]
D, Dy 9.1+ 3.1

Mass GeV/c?

23.51+5.5 total candidates

First observation of this fully
reconstructed decay mode

Normalization:

B) — D, (g7, KK, zzz) + D(K z7r)

CDF Preliminary 355 pb™

>
Q - [JData
b 5ol [ TotalFit . . .
S VF mEmeon0 B DD, D on
i - B,—D, D"
[a) — P
o O — EO: DI?;(DD+ — Knn F
) - , S
q:', : —_— BO N DS D+, Ds 5 fo” Slgnal . 185+ 16
[=E ll Physics BG
w - Combinatorial BG S 100
- ’ ]S+BG
20—
- Fit Prob : 68.9 %
10 HH

Mass [GeV/cZ]

Br (BY — D, |
Br (B >DD*)
1.67 £0.41(stat) £ 0.12(syst) £ 0.24(f, /f,)+0.39(Br,,)

Physics at LHC, July 2006 @ Cracow, Poland

Jianming Qian (University of Michigan)



Br(B., — D{’D;”)

+()
DS

B,

D, - D,y, D,z° D

DD, — (¢7) +(guv)
(y and z° are not reconstructed)
Inclusive D.D_, D_D;

D, D.D,, DD, analysis
Normalization

BS0 — DS) + uv — ¢ + uv
Measure the relative rate
R Br(B? — D'D)-Br (D, — guv)
Br(B? — D uv)

Br(B; —D!'D!”)=0.071+0.032(stat ) s oas (Syst)

Since D{'D{” is a CP eigenstate, this decay mode
can be used to measure Al ..

Mass (¢ )

D!’ candidates with s/'s

7000

6000

5000
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D2 Run Il Preliminary
1fb™’
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9

o

PR PP
2.2 2.3
m(¢ ©) GeV/c?

a8 1.9 2 21

search for another ¢...

Mass (KK) in (¢n) signal region

18 E—
C D2 Run Il Prelimina
6 1fb"

Events / 4.5 MeV/c?

|I|||F||I||||III[JII]IIII||I|

1.05 1.06
m(KK) GeV/c?
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Bc Mass

A (bc) bound state, unique (qq) system with two heavy quarks
Not produced at B factories, rarely produced at Tevatron

CDF2 Preliminary

k2
o

Full reconstruction: :.;; o
/ ﬂ-+ .
g 10
£ s
+ [ b 2
BC O { C ’
J
c Y fv 36 8.0 6.4 8.2 030 o,
Mass(J/¥m) GeV/c® Q- "O\Q)
Yo
4
Bu— J/v K as benchmark _
— Y B, mass =
9 J/w 6275.2 + 4.3(stat) = 2.3(syst) MeV/c*
B+ , /
u Vé‘;gf |S Lattice QCD calculation
9 K* ' M(B,) = 6304 + 128 MeV/c?

(Allison et al, PRL 94, 172001 (2005))
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B,* (B**) Mesons

Four L=1 states of (bd) system Identification of narrow resonances
two broad (~100 MeV) and
two narrow (~10 MeV) resonances Q.Bin O chame | CDF Run Il Preliminary: 370 pb
N§> 80 Fit Prob=70%  — Total fif
0] —B,—»Bnr
_ 5 B*1 ) B1 — B*"‘TC, 2 70 BD+1 B oen
L—1 0 B B.* B*+ o 60 £ s
I:II:I B1 2 2 - T, 050 —Bi%BTC
@ S = Byt —»Bn = we oMy B,

N ‘GE) o v Mllele ] T Total background
@ ..‘o_'_j:’ Wlth T 20 - e i 77 Non-Comb. Bkg.
e p

—a B*—B+y and B—J/y+K, D+n 1;) T s i
B .0 0.2 0.4 0.6 0.8 1.0

(v is not reconstructed) Q=m(Bn)- mB)-m(x) (GeVic)

DZ Runll Preliminary

BJhy+K 1 M (B,)=5734+3+2 MeV/c’
M (B,)=5738+5+1MeV/c?

Dg M(B,)=5720.8+2.5+5.3 MeV/c
M(B;)-M(B,)=25.2+3.0+1.1 MeV/c?

TTTTTT]T TTT[TTIT[ITT [ I T I T I T I orT o oo ooT
RRE [RARARALY LRARRER] RRAD LRRT RARN

e I'(B,)=T(B,)=6.6+5.3+4.2MeV

M(Br) - M(B) (GeV/c?)
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B.,™ Meson

Similar to B** states, the quark Mass difference: M(B*K")-M(B*)-M(K")
model predicts 4 P-states for (bs)
system. B¥g, is the counterpart

D@ Runll Preliminary

125

of B, AL 1 fb
& 100 7|:| B*K |
Full Reconstruction I | ' 1+
B., >B"+K~ withB* - J/y +K"* 570

|
+ P

9

0025 005 0075 0.1 0125 0.5
M(B*K)-M(B*)-M(K) (GeV/c?)

M(B*,,) = 5839.1 + 1.4+1.5 MeV

/’ 135+31 candidates

B*s2 i : )
First direct observation
Pr-mary with 5 sigma !
Vertex
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FCNC Rare Decays

The flavor changing neutral current b - g g
interaction is forbidden at tree-level ‘ - , -
in SM, but can occur through loop B IDI B%
diagrams such as those at the right - 0 W /-

However, the rate is further suppressed by helicity conservation for light
leptons. The estimated 0 .oy i
rate are Br(B, »> ¢ 1 )=(3.4+£0.5)x10

Br(B; — u*u")is further suppressed

by factor of N V.| = 0.04.

B
In MSSM, additional contributions : 5
are expected, the branching ratio i N
is expected to grow as tan* g or tan® g, |
. . . . . i B HY A
ideal for probing indirect probing -
of new physics i -
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[l b‘ E
Large continuum pp background = _ be
Drell-Yan §4 Dimuon triggers
semileptonic decays g,
= The challenge!
f E.g. PHEX e 2 SM Signal (x 10°)
akes ] | Ba— VW y(s, 25, 35
L : — T T
Exploit kinematics o | | 3 3 3 16 32
decay length, pointing angle, isolation invariant (u u) Mass [GeV]
. . b CDF 1l Preliminary
D@ cuts on these variables directly & - CMusCMU
. H H -= np, Ct/oc.,
while CDF cuts on the likelihood S 10°;
e "\ o background
= E /3 Cut DO - :
i 102 sional
1075 :
! f
10°L | 10 "y
-:-. — Signal MC -
"]_4" =E ---- Sideband Data o 02 04 06 o8 = 1
= L S T Likelihood Ratio
0 20 40 60 80
Decay length significance Both experiment pursue blind analysis
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B, B) > u'u”

Sidebands to model backgrounds
G , 2700 Run 1T Preliminary g ,, CDEll Preliminary (780 ply b EMTEM
S 16E Signal region 700 pb = s . .
S 14 J sl . s L .
2 125 sideband 1 Sideband 2 = F oL o
c| seC, . . f :
2 0.8: 3 . <.*B
8 06§ 54_ - A & . . - S
o 04F B "l :
0.2F ‘ ‘ ‘ ‘ = "1 oa IR . [
046 48 5 52 54 56 58 6 62 safs Lt et oL
Invariant mass (u* W) [GeV/c? . h v . By
SLA L et e .
l = ",1. -u: & : i a
B*—J/y K* for normalization agpr & et
L, == a=* * T T
% %%Dg Run I Prellmlnary 03 095 i

1
Likelihood Ratio (L)

EzoofB — Jy K*
g: =899+ 37

Br(By — u'u)<3.0x107°

HH HH:\ e ‘-‘;‘ ‘.\ R ‘-‘i\ L e
Q.9 5 51 5.2 53 5.4 55 5.6 0 T o= S
Invariant mass (u* w K*) [GeV/c?] Br(BS P )< 1.0x10

(DQ does not have

the mass resolution D@ sensitivity @ 95% CL about a factor of 50 away from

to separate Bd and .
Bs states) Br(Bf — 1 117)<2.3x107 the standard model expectation
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B, > 'y ¢

Expected from loop diagrams in 8. /)W 3
the standard model. Estimated ) b
rate: Br(B? — gu'u)~1.6x10° s w

s I 0

Potential enhancement from
new physics. No events observed in the signal region,
using side band to estimate backgrounds

Use the same discrimination variable
as theB, —» x4 " analysis.

D@ Run Il Preliminary

Signal reglon 300 pb_1

=k b =k L

Remove events with pp from Jly Sideband 1 Sideband 2

and y’ resonances

Events/5 (Me Va"cl) @

PPPP [ ! . [}
?Mhmwdmhmwm

Ay 46 48 5 52 54 .r.~:"'5.'a"'é"'2
‘_,/'J Invariant mass (0" 1 ¢) [GeV/e']

H
emove Br(B; — "1 ¢)<4.1x10° @ 95% CL

1 9 3 i L Only a factor of 3 away from the SM value!

invariant (u w) Mass [GeV/e']
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D" > u un”

Strict experimental limits on FCNC transitions for down-type quarks
b—>s,s—>d
relatively weak limit on FCNC transition involving up-type quarks

D* —» 4" u 7z decay is expected

from FCNC ¢ — u transition

<H+
Z _
4%—“

c W u

| d5
with small Br ~107® ...

But enhancement is expected from
physics beyond standard model

Background from
resonance production:

D! > ¢n" > u'yun,
D" 5> dn" > 'y nt

+

w'nw DY Preliminary
24000 [~

20000 : ® (1) 1 fb_1—

16000

)

12000F

Events /10 MeV/c
o)
o
e}
o

4000F

00.50 0.75 1.00 1.25 1.50
mue) (Gev/e?)

However
m,#m, for c —» u transition!
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D" > u un

Ip L A
SD_IIF ;/ B o
T o
. Sy

50 — — ]

Optimized cuts 1 fb-1
40H | D :
301
20

- D*

10

n(D)=25+/-9
0 YR R R TR AN N TR S W N TR I T R T
1.40 1.65 1.90 2.15 2.40

m(u' pw ™)

e D" > ¢n" > u"u 7" (resonance):
0.96<m, A <1.06 GeVI/c?

Normalize to
D! >on" > u'un’

Br(D" > o¢r" — u'u ")
=(1.75+0.70+0.50)x10°°
CLEO: (2.7:*° +0.2)x10°®

e D" » 4" " (continuum):
m, <0.96 orm , >1.06 GeV/c’

17 events observed
with 20.9 + 3.4 expected

Br(D" >y ™)
<4.7x10° @ 90% CL
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B°. Mixing & Decays

The box diagram like the one below and common decay modes of B and B!
such as B?,B! > J/y ¢ lead to mass matrix

. d BS - % Mu_ 151 BS
IE =0 = S =0
1 _
. P=+1: [B,)= B.)+|B
The two mass eigenstates have small c ¥ B \/E(‘ $)+ B >)
. . . 1 _
differences in mass and decay width CP=-1: |B, )= f(‘83>_ ‘Bg>)
Amg =M, —M_ =2|M,,|
AT, =T, -T,=2[l,/cosp wmp ©=0.3"inSM = mass and CP

eigenstates are largely identical

@
AT', can be measured by studying J
0 po . B: — ‘]/l/j¢ —_—n 5
B.,B, » J/w ¢ decays since both _ BP z
= __} e |
B,,) and |B,) are inolved in the decay B, —>J/y¢ K

| o

3!

Jihp

0l
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B. Lifetime Difference

Full Bs -»J/y ¢ Reconstruction
J/y -y and ¢ - K'K”™

iy rest frame

2

a
o
o

DY Run Il Preliminary

B2 — Iy ¢ * Data

Fit prob: 86.3 % — Total Fit
— Prompt Bkg

— non-Prompt Bkg

Candidates per 10.0 MeV/c
&
(@]

300_
250;—
2005— $ I
150;— !
100
SOE_ -1 §ZZOE D Run Il Preliminary « Data
N T T T T T D T 52 B2 — Iy ¢ Total Fit
5 5.1 5.2 5.3 5.4 5.5 5.6 ME?SZ (Ge\%s %1805_ 5 26< M(Bg) <5.46 GeV gg:g\é(ejn
(i 160E ct/c(cty =5 e Total Signal
140~ Fit prob: 70.5 % — Background
CP-even and CP-odd components are 120
expected to have different angular s S S
distributions of the decay particles B LT
Simultaneous fits to distributions of angles e
and the decay length to extract lifetimes N S T T T D D B o,
-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1

' Trans'versity

of the two mass (and CP) eigenstates
(cos©)
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Candidates

B. Lifetime Difference

Different lifetimes for the two mass
eigenstates in the decay length fit

per 25.0um

D@ Run Il Preliminary _
- 0 QOJZ— DY Run Il Preliminary
= Bg N ‘]/W q) « Data h0'6:_ Flav. Spec. WA <> CDF 2004
- — Total Fit <10_5:_ \ h
) - iy
0=  ¢X Total Slgnal 0.4F
; """"" gi_e\ézn *3 g, BROD) CDF, K'K"
""" 0 0.2F
10 —_—
= Background o1
— <
B oE
e ! -o.1§—
E _02— ' lllllllllllllllllll
L 0034 0.036 0.038 0.04 0.042 0.044 0.046 0.048 0.05 0.052 0.054
10-1"" 4,'1"'1||||||||||| 111111111111111111111111111111CE(1crln)
-01 005 -0 005 01 015 02 025 03 035 04 12 13 1.4 15 1.6 17 _ 1).8
ct (cm) T (ps
iy ar &
— __ 'H L _ +0.0
7, =1 —L=153+0.0870. ps

AT, =T, -T,=0.15+0.10"0¢; ps”
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B°. Oscillations

For an initial B}

Asymmetry:
1
Prob(B; —B?)(t)=—(e"* +e™ +2e " cos(Am.t 0\_nN(R®
Y 4( ( )) AzN(BZ) N(?So)occos(Amst)
Prob(B — BY)(t) = %(e‘rHt +e ' —2e " cos(Amyt)) N(B7)+N(E)

” !
E? l Iﬂ'| 0.6 JN ﬂ n ﬂ ﬂ ﬂ n
St Prob[B(t) Prob[B2](t)

oafl || 0.5}
04 i_| | | 0.4

| 1
oz} || L 1 | - -
||I tF L \ A o2 T 3 it=s] 1z E. 3
0.1} | ([ | | /)

ERTERVERVEAVAVAN 0.5}
05 i 1.5 225 3 - 05 T 18 2 25 3 U U U U U U
Proper Lifetimes Proper Lifetimes _af

Compared with B; oscillation:

0.17 g Mixing Amg = 0.5 ps
am, o NV, [ ~>> Amy o« MoV, [ Boos | m'x' T “
= 1
"””Hlm““ il
é—o-()&: I il
World Average Limit o] | |
Ams > 144 pS'1 N propzef decaystlme t7[gs] e
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Analysis Technique

opposite-side same-side
Mi/ei‘\\ TC+/“
- / K+
primary \é K-
] vertex D~ -
Flavor at the production s

- opposite-side tag -

- lepton from the other b decay

- jet charge

(CDF: ¢D*=1.5%, DO : ¢D*=2.5%)
- same-side tag

- kaon from fragmentation

(CDF: ¢D* ~ 3.5%,4.0%) Flavor at the decay

Tagging power: D> e Full reconstruction:

] : . . B » z'D; (o..~90 fs)
- ¢ is tagging efficiency s s \Ter 0 7S]
-D=1-2w : dilution « Partial reconstruction:

w: wrong tag probability B - ¢'vD_ (c,,~150 fs)

Decay proper time
- decay length (vertices)
- boost correction (momentum)
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B°. Reconstruction

D@: semileptonic Bs decay only
B) > u'D; + X = u'gn~ + X

DO Runll 1fb’

1200

800

400

Coa e b
0 1.8 1.9 2.0

[GeV]

IV’(KK)TC

5,600 tagged uDs events
~20% tagging efficiency
~85% uDs events are “signal”

Candidates per 20 MeV/c’
i
8

CDF: Bs in both semileptonic and
hadronic decays

B » z*D_; BY — ¢*vD; ...
with D, —» ¢7Z',K*K,7Z'7Z7Z'

CDF Run Il Preliminary L=1fb™"

—— data

— fit

B, —» Dy n*

600

satellites

combi bkg

200

Mass(d)(-K+K')rr,rc+) [Gerczj

Events: 3,600 in hadronic mode
37,000 in leptonic mode
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pose/no=ose: — ge‘” : (1 +D-cos( Am, -1)- «71)

—Alog(L)

Oscillation Frequency

¥

B |
Ofevsvssssigygittits {’H}HTHHHI

%: 4£atai 1o D@ Run i /\

= - data £ 1.645 o (stat.) o
g' | el data + 1.645 ¢ (stat. @ syst.) / l“ D]
< 2 } I{H

2F /\

: ) 1fb?

-4 $95%CL limit: 14.8ps .

- [ --e-- Expected limit: 14.1ps’

N P T S S S S NS S S N S ST S
6 O 5 10 15 20 25
e Am [ps’]
4 _ I/ .2.;.‘.u...‘..\...‘he.p—.ex/.0‘60.3029. i
AT

e % i

10 14

17<Am, < 21ps™ @ 90% CL

A=1:oscillation
A4=0:no oscillation

Deviation from A=0:
DJ: at 2.5 sigma
CDF: at 3.7 sigma

L=1.0fb*

CDF Run I

hep-ex/0606027

[}
ie)
2
E- ] < datat+1 + | ‘ T
{ - datat 1o
< 1] mdatat 16450 m
1 data = 1.645 o (stat. only)
1 ---1.645¢0
2] O sensitivity: 25.8 ps’l
301 — data
201 ---- significance=1%
e /\J\—\_\
0 U v/\/\,
0 5 0 15 20 25 30
Am (ps”)

Am, =17.317° £0.07 ps”
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Summary

e Many new results on masses, lifetimes and decay branching
ratios of B hadrons from 1 fb! dataset.

e Sensitivities of rare decays are approaching Standard Model
predictions, expected to observe some of them in Run |l

e First measurement of Bs oscillation frequency. Golden
opportunity for careful studies of Bs system.

e Too many interesting heavy flavor results from Tevatron,
Impossible to cover them all. People interested are suggested
to visit CDF and DY B physics web pages:

CDE: http://www-cdf.fnal.gov/physics/new/bottom/bottom.html
DY: http://www-d0.fnal.gov/Run2Physics/WWW/results/b.htm

e New results from increasingly large datasets are expected
over the next few years.
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