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B Hadrons: A Window on New Physics

= System of one heavy and one light quark

@ Accessible from theory
* Heavy Quark Effective Theory (HQET)

— Light degrees of freedom decouple from heavy-quark
processes

— Can avoid stepping in the brown muck that binds hadrons
* Spectator decays dominate

® Predictions of lifetimes and decay rates

 Shorter lifetimes indicate additional (non-SM?) decay
processes

* Higher rates than expected from SM 1n rare modes
indicates new physics
— No tree-level diagram in SM
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Lifetime Expectations

= Spectator diagrams T S~
dominant '
= Non-spectator
contributions to BY and B —
e 7(B*)=(1.06+0.02) - ©(B°) A~

e 1(B,) = (1.00£0.01) - t(B°)

= Helicity suppression
removed for baryons o~
e 1(A,)=(0.88+0.05) - 7(B)

Values: C. Tarantino et
al., hep-ph/0310241
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Measuring Lifetimes at the Tevatron

= [arge signals, but large background

@ 50 mb hadronic cross section; 5 ub B cross section

= Trigger 1s key
¢ Dimuon
* Very clean but low yields (Product branching ratios ~10-)
e Single lepton
 Large yield, but also large backgrounds

* Precision suffers from missing neutrino

® Displaced tracks (CDF’s SVT)

* Large yields and full reconstruction

* Decay length distribution sculpted by trigger
= Focus on B, A, B, -- Not accessible at e"e" factories
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A, Lifetime

= Hadronic Decays
e A A"
e \,"—pK"

= Two-track trigger

® Two tracks
100pm<d,<Imm

e [, <200pum

e D°<Ap<90°

® Kinematic cuts

depend on running
conditions

Trigger Efficiency

Efficiency per 13.5u m

Typical B Lifetime

= Extensive tuning of Monte Carlo
® Trigger performance

® Match kinematics in data
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Ay

Candidates

) Sample Composition CDF Il Preliminary, L = 1.1 fb"

fixed from mass
distribution

= Signal: 2927158

= 1400 fﬂ

21000

Candidates

..... A, Four-Track
..... A, Semi-leptonic
..... A, Other

— B Four-Track
—— B Semi-leptonic
— B Other

5 5.5
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Lifetime Fit

= PDF 1s convolution of [ coF i preliminary, L=1.1 i’
. g I — B Four-Track
® Exponential R . T oA K
, g | -y Four-Track
@ cf I'GSOIUthIl PDF S L | % |- A: Semi-leptoni¢
8 A,, Other
@ Trigger efficiency § 1o
o
= Result 3 l
1 -
® T =422.8413.348.8 um I
* Systematic dominated by
trigger modeling )
0
-1
-30 0.05 0.1 0.15 0.2 0.25

ct(A]) [em]
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Comparisons

Ay Lifetime Measurements

—wmw_wy Measurement as good as

1(|)0 1T T 1 2(|)0 1T 1T 1 3_(|)0 1T 1T 1 4(|)0 [T
ALEPH A I+ A° Il — e 1.21+ 0.11 pI’iOI’ WOI'ld average
OPALA, | o 1.29* %24+ 0.06 .

b 0z e Discrepancy between
DR ’ 1o 2 005 CDF’s prior measurement
CDF Runl A, | — ol 1.32+£0.15+ 0.07 i ]

and earlier results remains
DO Runll A | —— 1:290 550’ oot e New result consistent with

+0.130 .
DO Runll J/y A — 1.218 1130 40 042 both and expectation
CDF Runll Jiy A —m— 1.59372510.033
CDF Runll A, & (PRELIMINARY) iy 1.410 +£0.046 +0.029
C O —
1(Ay)/t(BY) =0.922+0.039
PDG 2008 1.383 00
| | | | | | | | | | | | | | | | | | |
0.5 1.0 1.5 2.0

A, lifetime [ps]
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B, Lifetime (CDF)
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BS—>DSTC, D, —¢m

@ ]]100 events

Candidates / ( 0.003 cm)

CDF Run Il Preliminary

1.3 b’
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o
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® Data
— Fit Result
—— Dn
S DK+Dp+D*1r+Bs others
B -DX, B°5D X, AX

il

0.05

0.1

0.15 0.2 0.25 0.3
ct (cm)

Add partially reconstructed events
¢ D*n & Dy
e 2200 events

c1=455.0+12.2 + 8.2 um
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B, Lifetime: Semileptonic (DQ)

Candidates per 50 um

2 3000 & ,
BS —)DSMX, DS—)(I)TC %2500% ; ;ﬁé '% Dé, 0.4 fb"
‘ézooo;:uf ¢ et % y2Idof = 0.64
% i ﬂﬁﬂﬁ%ﬂ“‘&wﬂm fw* .
_ 2 1500 R A
N i S 1000)
10°= .i 5001
- :’ Q7578 186 18 185 2 206 24 216
Mass( 7)) [GeV/c?]
10 4 . . .
- \,  idof=106 = Fit with convolution of
10 ? ; exponential with K-factor
f e ||
1 ; g ! IIIIII R ¢ PDF for p(D)/pr(By)
|} = Dominant Systematics

¢ Background model

-_—
N
.°_\

w

0 0.1 0.2 0.5

Pseudo Proper Decay '-ength (cm) e Resolution model

e K factor

ct=419.1£13.2 £33 um
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B, Lifetime: J/Y ¢

I‘USeangukwlnﬂnnuuunlu) R D0, 2.8 fi"
measure three polarization > o0t
amplitudes N e i
. . § 05 —— Total Fit
= Extract lifetimes for CP-odd = 300; —— Prompt background
. 2000 0 e Non prompt background
(heavy) and CP-even (light) 100, —
eigenstates 0951 52 53 54 55 56 57
‘ . Mass (GeV/c?)
= Mean lifetime: g i D0, 2.8 10
0 107
DO: ct=445.8+18.0£8.4 um & | Total fit
=
= 10°F
CDF: ct=459£1243 um A O ety
Sl
@ Results are mean of heavy and light § 10 : A Background
states. = 10 -
# Difference from flavor specific §
measurement smaller than error 1L v
given limits on T e TR I

01-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
ct (cm)
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B, Lifetime: Summary

Both newer

measurements greater

than earlier average

e Strongly weighted by
semileptonic channel

from DO
Still have ~2c

discrepancy between

data and expectation
1(By) = 1(BY)

ALEPH (1996) —s—

+0.14
1.54 014+ 0,04

OPAL (1998) F——
15700+ 0.04

CDF (1999) —=—H
1.36+£0.09 29

DELPHI (2000) —s—

1.42 7274 +0.03

DO (2006)

1.398 + 0.044 °%°

PDG 2007
1.41+ 0.04

CDF J/w¢ 1.53+0.04£0.01 —t-

DD J/w¢ 1.487+0.060+0.028
CDF (Prelim.) D_(¢m)X

1.518 + 0.041+ 0.027

My average: 1.481+0.023

1,

0.6 0.8 1 1.2 1.4
Bg Mean Lifetime (ps)
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Pseudo-Proper Decay Length (pum)
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C
s B > JwltX £ F -
4l -1 — Total Fit
€ coFRun1I w “A ! e 107 Do 13fb — Signal |
g_ 103? . Data-Jyp 8 103:_ Jhyp MC
Q i —— Total Fit o =
r) _ % - Jhy SB+p
E 102? —— Signal -3 of a D P t
§ i —— Total Background % 10 NS 0 J/I'O:_T\_IP .
W 10 Fit prob. = 0.51 Lﬁ ¢ _}_V rac
: 10 (/] et B
A N\ T
10-17 \ | 1 " ":'l :." ..... ...:.‘.::.“.::.::\ j [

c \\ VA S ...|...|....'.::TF-'.~...| )
man2 ] | ‘\u I~ 1‘2().1 -0.0 0 005 01 015 0.2 0.25 0.3
g_ 3: + Data-Jiye VPDL [Cm]
S 10 3 —— Total Fit 10,053
2 e CDF: ©(B,) =0.475 5 £0.018 ps
> C
o . ) " . 0.038 4

o Fit prob. = 0.70 D@: 0.448 " >* +0.032 ps
" = Naive mean: 0.460x0.036 ps

: | .

107 \\ = Conforms to expectation
105385 670005300 3905400 F(B)=T pt+ 1T
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Rare Decays: B,—ptp

= FCNC forbidden at tree level in Standard
Model
@ Expect 3.5+0.5x10-°
e BR(B,—u'w) ~10-1°
* Suppressed by |V, /V,|?
= Two experiments use similar methods

@ Multivariate selection

» Kinematic, vertex and candidate 1solation quantities
* DO likelihood ratio, CDF neural net

® Normalize to B — J/w K*

Lifetimes and Rare Decays
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B,—p*p: Results (2 tbl)

D@: <9.3x10°8 (95% CL)

1Dﬂ Run lla Preliminary

F
0_955., ..........................................................................................
09"
D.Bﬁi'
DES ” 5 '5:5' t'li T '9.5
Invariant mass (u* 1) [GeV/e™]
1DEEI F_lun I.lb Prelimir!ary_r
S — T (i EO % (—— T
0.95} " d '
08F) . = |
u.asg—.. . .
L R By S

Invariant mass (u* ) [GeV/c?]
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CDF: <5.8x108 (95% CL)

2
M}m | GeVic

_— -1 CMU-C
CDF Il Preliminary (2 fb ) ZCMH-CM%

: " - " A IV u? "

B n A ° [ o =

5.8 L
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m A 4 ]

i R &

5.6 - AR
5.4; * A & LN » .f A ABS
, [ ] é AA.

- ] LT RN . = LEDN = ant . .E.A.ﬂl
52 -
® - . AL S I:A Ld M m . - LN
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4.8!_ L. .‘:Yl. AA' NG 4 m . ..A %-Aﬁ
ot " E: = LI
C by ‘ﬂa 2 A g
0.9 0.95 1
NeuralNet Output (NN)

BR(B,—u*y) <1.5x108
 Also world’s best
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B,—ptu: Significance & Outlook

mSUGRA at tanf =50 -
Arnowitt, Dutta, et al.,, PLB 538 (2002) 121

1000 P P .

800 [

100 F /.

o GOV, T

A=0, =0
tanf=50

L a <11x10™

120 GeV
01%1

200 /B
00

400

m,, [GeV]

Current Limit

600

800 \1000

Expect sensitivity to get
better

e D@: detector and analysis
Improvements

¢ CDF: tighter rejection
possible with more data

Expect combined limit
O(10-%) by end of Run II

® Significant constraints on
New Physics

My Expectation for
Run Il Limit
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CDF: By ,—e'u, ee

Event/20MeV/c?

B, —¢"1 essentially forbidden in SM
¢ Possible with SUSY, ED, or lepto-quarks
BR(B—e*e)~10-15 expected in SM
= relative to B—Km in displaced track sample
® 95% CL Limits
20 CDF RUN Il Preliminary (2fb") 30 CDF RUN [I Preliminary (2fb'1)
s 5 3 : 5 2
2.5;— g g 2.5;— g g
2.0; g -g Y 2-0; 8 5
5™ Sideband A o Sideband | g 15 Sideband d & Sideband
1.0f E 1.03—
°'3; a8 TS0 si sz 53 54 55 56 57 5 °'ﬁ; 4550 51 52 53 54 55 56 57 58
M(e p*) Gevic’ M(e'e') GeVic
BR(B,—e*u)<2.6x107, M >44TeV BR(B,—e*e")<3.7x10~
BR(B,—e*u)<7.9x10%, M ,>55TeV BR(B;—e*e)<1.1x107
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Abo_)pK_ ,PTL

= Displaced track sample

= Use mass and particle ID (dE/dx) in likelihood fit
= Normalize to B>—>Km

s  [Use @t mass to for consistent treatment across modes

CDF Run Il Preliminary L =1 fb™

N

(=]

(=)
|

¢ Data — Total

Boorc o oonn | BR(A’—pK")=3.140.6+0.7x10-
BR(A’—pr)= 5.040.7+1.0x10
B0 .A° — ¢ Factor 2 smaller with CDF value of f,/f,

@ [Inconsistent with R-parity violating
.Aob—) p K'+cc . Bkg Comb MS SM at O(l 0_4)

s Ap(A—pK)= 0.37+0.1740.03
Ap(A"—pr)= 0.03+0.17+0.05

® Consistent with SM expectation of ~0.3

S
o
o

. Bg - K n*+cc B> n*

»
(=]
o

Candidates per 30.00 Mev/c?
|

B3 5.4 5.5 5.6

Invariant nn-mass [GeV/c?]
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Conclusions

= The study of bottom hadrons continues to put
physics beyond the Standard Model 1n a box

= That box will get smaller soon
@ Today’s results are 1-2 fb-!
@ 5 fb-! on tape and colleting ~50 pb-!/week
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