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Selected Results in B Decays

— A Touch of History
— Current Experiments and their environment
— B hadron Lifetimes
— CKM Elements From B Decays
« V fromb®cln
e V,,fromb®uln
e V. JV, limitsfrom B Oscillations
— CP Engineering Physics
» Status of B Decaysthat can measurea, b and g
— Rare B Decay

« 2-body b ® u hadronic decaysand 2-Body Hadronic Penguins and CP asymm
e b® s7: Decay rate and CP asymmetry

— Status of the SM Unitarity Triangle
— Near Future : The Era of B Factories has arrived !
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B Physics With e Colliders

o Scope of thistalk : Measurements from the  (4s) , the continuum
beyond and the Z Boson resonance
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Data Samples:
CLEO @ Y (4S) : About 9.7 x 10°BB pairs
LEP @Z° : About 0.9 x 10°bb pairs

with ALEPH, DELPHI, L3
and OPAL experiments



Three Measurements of Significance

This year marks the beginning of the era of B factories and CP
asymmetry seachesthe world over. It is perhaps useful to
look back at the three surprising results which have paved
the way towards sensitive searches for CP Violation in B
Decays

1. B Lifetime (1983)
2. B Oscillation (1986)
3. b® urate (1988)

9/22/99 V. Sharma, UCSD Fermilab Colloquium 4



decay o
(b)
e Impact Parameter £ s 4 £
Resolution 2 1 @

1983: MAC and MARKII
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JADE @PETRA results are shown for {a) mmens, (b) electrons, and (c) hadrons. MARK II's results are

shown for {d) “b leptons” with gy > 1 GeV/e, (&) “c leptons™ with p: < 1 GeV /e, and {f)
hadrons.
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The Large B® Oscillation Rate

Mixing rate depends on Top
gquark mass

e Inspired by PEP/PETRA non-
observation of the top quark,
many theorist assured as that
“Top could not be heavier than
40-50 GeV..conservatively

e Hintsfrom UA1, then P o at ;ndgﬂ . 4;? "
definitive results from ; Dlo it ‘ D P
ARGUS(1987) showed B T 4n I}}ﬂ,; | — Kfnym;

mixing to be large, if we could
calculate better, could have

shown that top quark is as C q — 017 i 005

heavy asit realy is!
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The Magnitude of b® u Transition

2400

® MusthaveV ! 0for SM with 3
generations to accommodate CP

Violation seen in K° decays and expect
CPviolation in B decays

* The magnitude has too be just-right for
measurable CP asymmetriesin B
decays e ~ ]

« No theory could predict the magnitude ¥ T R T R Y M i
of b® u transition alGY I

V!t 0was proven (1988) from pure I
experimental (kinematic) observable. 1 3)

* Interpreting the result was/is still a
interplay between theory and
experiment: |\, /V, |~ 0.08 +0.02

* Nevertheless, stage could now be set
for CP violation dreams all over the
world

e  Withthe demise of SSC, CPV searches
in B decays are aworldwide AN
enterprise..(not necessarily a good . M_LL E

thing) 3 B M
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@]  Unitarity Triangles and B Decays
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o The CKM Picture

Quark Mixing between the weak and mass elgenstatesis given
by 3x3 unitary matrix :

d' Vud Vus Vs d
( '-‘*':? ) - ( L;L'-{I: L:.‘-ci 1:(- ) ( S )
by Vie Vis Vi / \b
Unitarity implies four parameters: Three real and a phase

Wolfenstaein Parametrisation :

L —3X° A AN (p — in)
I‘.f o ( -—}k Té')'kj _ -:'».13)\]:"? f_,l}‘l?, )
AN(L = p —in) —AN? 1

A~sing, ~ 0.22

Unitarity:> Vudv.r,b + Md"{*b T I/Cff r*b =0
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Overconstraining The Unitarity Triangle : Road Map

Vd\{Jb \fcd\[ V\{b 0

A(pm)
B~ ', p'r, atm, ... B~ Div,Div
B = lv, plv, ... g B>Dr...
B >~ T, pT :

e =

B—~—DK,Km,

=P
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Mechanisms For B Meson Decay

u
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Extraction of CKM & ements made

B MESON DECAY

SIMPLE SPECTATOR

difficult by non-perturbative QCD

Semileptonic Decays simplest to interpret
— b® c transition interpretation aided by
HQSHQET
— b® u transitions more model dependent
Hadronic B Decays interpretation model -
dependent (Factorization etc)

— Will carry over in CP studiesin the
future...... (unfortunately)

MODEL

SEMILEPTONIC i e
DECAYS SIMPLER: i

b
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Large b cross-section, large boost (bg~6) and efficient silicon vertex detectors have
provided precise measurements of lifetimes of all b-hadron species

B
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B-Hadron Lifetimes

_ T i1 I T 1.1 I | I ] I T 17 | ™1 1 I T T T I T T T T T T T T T
B e 1.6580.03ps - g)¢B" 51 1.07+0.02
B o] 1.56+0.03 ps
B, )/T(B") & 0.94+0.04
B, ] 1.460.06 ps
1.2320.08 ps 0.79+0.05
+.34
1.39 ;55 ps
(b baryon) || 4 | 0.76+0.04
average [ & 1.19+0.05 ps e || .
I-"_t.“.'l'l.--‘ll}rI L1 1 I Ll 1 I L1l I Ll 1l I L_L 1 | L1 1 I L1 1 T {} .?I I Iﬂlﬂl I Iu 9 1 I I Illll I Il I
11 1.2 13 14 15 16 L7 18 LEP B Lifetime. - * - ;
|_|_| I|__ﬁ I_‘If,'_?_' “‘16“ Warking Group lifetime ratio
e o o ooF T (ps) v ese

B Meson lifetime hierarchy as expected, b-baryon lifetime smaller
than predicted by QCD-based models

e CDF, in Runll will have enough exclusively reconstructed L , to
provide definite answers.
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» B4 mixing frequency much larger than
propertime measurement precision
— Easlly and very precisely measured using
Inclusive and semi-exclusive semileptonic
decays

|~ (high P

"charm veriex"

Mixed : (1%

high Py lepton |~ :

high Py lepton
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Decay Probability

Decay Probability

Decay Probability

Time-dependent B® Oscillations
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B, Meson Mixing Measurements
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¢ " Searches for Bg Mixing

P ST T T T T T
= - World average (prel.) -
= L I
=25 F > h
= dataz 1a & 95% CL limit 14.3 ps ]
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Am, {ps"]
*ProbM* ~ (1-A CosDmgt), A =1if mixing is present
«Scan frequency spectrum, fit for A at every Dmg point

At some point the value A=1 can no longer be excluded b set limit
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Heavy Quark Effective Theory

« HQET tellsusthat in first order when ab quark transformsto ac
guark with the ¢ going at the same velocity as the b, the form factor
Is1infirst order AND the correctionsto 1 can be calculated

 The form-factor therefore known to be 1-correction, at maximum
g?, called w=1, where

_Mg+Mg, - q°
M M.
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 Use B® D*/ n because the decay rateis largest for and the
corrections are better determined.

In HQET thereisone “universal” form-factor function, so we
don’t have to deal with 3 form-factors

Tofind V4 measure value at w=1, here D* Isat rest in B rest
frame

e 2 U
dGB® D/ : 12Wnb*+mD2*g
S " n) _ 3Mb\ F2W)(m, - my.)?m.Jw? - 17 w(w +1) T b

: gm0

e & Mg H
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CLEO Measurement
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1 V 4, results

To get results fit using shape proposed by Caprini et a, or Boyd & Grinstein, or
In CLEO case by Stone

Use F(1)=0.91+0.03, from Caprini, Uratsev.....
Results

— DELPHI: (41.24£1.5+1.8+1.4)x103

— ALEPH: (34.4+1.6+£2.3+£1.4)x103

— OPAL: (36.0£2.1+2.1+1.2)x103

— CLEO: (39.4+2.1+2.2+1.3)x103

— World Average 0.0381+0.0021 by adding theoretical error in quadrature with
eXp error.
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Theoretical Value of F(1)

e LiImF1)=1lasm® ¥,
 F(1)=1+0(aJp)+d,,2+dy,3 (N0 dy,,, , Lukesthrm)

— F(1)=0.91£0.03, from Caprini, Uraltsev.....

— F(1)=0.89%0.06, from Bigi

— Can we get an accurate non-guenched value from the Lattice?

— Theerrors are not consistent. What do the errors mean?

e Bigi: “In stating atheoretical error, | mean that the real value can lie almost
anywhere in this range with basically equal probabilty rather than follow a
Gaussian distribution. Furthermore, my message is that | would be quite
surprised if the real value would fall outside this range. Maybe one could call
that a 90% confidence level, but | do not see any way to be more quantitative.”
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Summary of [V | Results

e LEP measurements use 8% theoretical error - |
as given by Uraltsev. However Jin’s similar from”™ Umltsey -4------- -

low

calculation claims a 10% error but differs by s ‘2‘,’;{' R I T R ; 00930017
p v Bl : L ‘a AT 140 N1773
14%. | use a 14% theory error here estimate ! P P OO0z

e  Sincethe LEP Monte-Carlo calculations are SGW L e | 0085707

f-----2-0.1110.018

highly correlated, | take acommon 14% LCSR  -j-oesoene b ttonseeoes oo oeneod- 009 R 0

H1.007

nfv

. ; . . '. I Th T
« Theexclusive channelsrule out the Korner & oL L | 00T oy

Schuler (KS) model (gets the wrong V/P Mlnlwr-—H 0.087" 00
ratio), but have large errors Best .| et 0.08620.028

estimate
 The CLEO endpoint results have the best
statistical error. Hard to estimate the

theoretical error. | take 14%. from ; ; : ; :
lepton WSB-----@ ------- 1 (.08140.006
end- : ; ; ' :
point

ISGW Ittt 0,08020.006

ACM S — o 0.08240.006

RDB - B NN N - 0.074+0.007

Best L : ¥ ! ~ -
estimate | ' : ; e

Best Overall
estimate : : : . ;
: | f | | |
0.04 0.06 0.08 0.10 0.12 0.14
A%
ub
/\{‘h

ol e e e e e e ee e b2 0,08740.012

Fassumes V., = 0.0381
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« Use HQET for extracting V4, inregion of zero recoil
- Fit B ® D”¢u dG/dg’ distribution

40 | ———
%o FeimaiiNea..., Linear Fit 1
x I 1 0 humee
:  r T rsaaaaaa.,
T 20
=
o
D,D i
I I I I
1.00 1.10 1.20 1.30 1.40 1.50
2 2 2 v

Flw)=F1)x (1 =p4(w—=1)+c(w—-1)%2+..) ‘

V(1) = 0.0351 £ 0.0019(stat) £ 0.0018(syst) + 0.0008(75)
PRD 51, 1014 (1994); 2.2 fb-1
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» Absolute precision measurement, needs precise understanding of low
momentum tracking efficiencies and backgrounds, comprehensive and
more precise analysisin the wings

o0 T

II;|I |IIII|IIII|IIIIIIII
O * 4 -
B "® D /U
O data
a0 % "
@ '® — fit
IIL' 2 |. GD — el
]
s B B correlated
120 — _
gl m B Luncorrelated
00+ i
B combingtoric
0.19 B continuum
0/
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LEP Measurements of V_,

o Unlikeat Y (4S), due to B boost, dow pions from D* are not that low. Reconstruction efficiency is high
. Use B flight direction to solve for B energy, caculate ¢? and (Missing Mass)?
«  Vertex detectors help in background rejection from semileptonic decays with orbitally/radially excited D** decays
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LEP Measurements of V_,

= =
F; [ DELPHT Preliminary
= - w  gfirra

E taon |

‘3_ r = e,
=

)

-'_ mm Dack.
= = g
I
* ——]
+

A (1) (V| = (37.95 + 1.34 stal. + 1.59 syst.) x 103
p°,=1.39+0.12 stat. + 0.18 syst.

uLEPI | & I Wit LIE04

s | A LA

LEFV Average (LEPWIG)

|-

(|
IE ¥ 32 M M M @

FiLIV ()

* weadilind by LEPWEG

Fi1) Vo | = (338 + 0.9 stat. + 1.9 spst) x 10 -B
p,=1.00 £ 0.09 stat. + 0.14 syst
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* Oneform factor in decay = but correctionsto 1 at zero recoil not better

knownthan B ® DY/

800
o Experimentally :

— Higher backgrounds (combinatorial)
— feeddownfrom B ® (D",D”) /'U g
— lower decay rate overall

— lower rate near zero-recoil = more

extrapolation to w = 1 intercept.
(systematic error )

=
=
=

Events [/

400} B

e To discriminate against background costlp_pe¢ =

0
-100 -50 0 50 -100 -50 5.0
cusHB_nf | |
2EgEpe — M3 — M3,
2lpB|IPD/¢|

— calculate angle between B and (D) syst
 signal isbounded between [-1,1]

» backgrounds/feeddowns (with missing mass) usually smaller (unphysical ) values
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Use diff. parametrizations of form-factors

— inspired by dispersion relations

dt G2 |V|?

dw — (?‘JB o o ﬂ-lrp)j'm?_;, (_wz — 1)*"”3 Fp {_w)z

4873
« Asanexample

Fo(w) = Fp(D[1- 1 5(w- D +c,(w- 1)°

Events [ 0.06

e data support a curvature term but do not require

It, physics (Boyd et a ...dl

does.” Diff. In extrapolatlonls 10%

; '(B— Dfv)=(13.44+08£1.2)ns™

B(B~ — D"p) =
B(B® — DY ¢~ p) =

9/22/99

(2.21 +£0.13 + [;.19)9/
(2.09 4 0.13 & 0.18)%

spersion relations )

UN U'\’

Linear fit

0.76+ 016 + 008 (linear fit)
=130+ 027 +014, C, =121+ 0.31+ 015(dispersion rel.)

V,|F(D) =[416+47+37 10°

V. Sharma, UCSD

Fermilab Colloquium
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CKM Element: V

u

* First measurements were inclusive semileptonic end-point rates, which were
theoretlcallylmpreuse yet showed |V, [t O I

L I L L T [ L L
t ' : ARGUS o — &
/\ =R CLEO 15 —e— g

CLEO Il - —O—

005 010 045 020 30 40 50 60
—4
Voo Vep V10

e
_\_\—|_
N,
w
\_

[ ]
o prep——

1 2
Leagicn Moranium 038V /2|

« Emphasisisnow on Exclusive decays, but no “LQET” to match experimental
capabilities/limitations

e CLEO measures dG/dg’
and decay rate for E>2.3 GeV _ _

Vub

e Bottomline Theory not experiment is
the largest source of systematic error now !
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B® r /n Decay

 Ratedependson |V |
.. ; L T T ] I
e Missing momentum incorporated *I'n T, v ; O pv, p'lv, lv _
into full B reconstruction: O nonfeedacross | | 7O popfeedacross |
e Previoudly published results:

- & b-ulv feeddown

S by _ . 40:_@ b—ulv feeddown ] _
ﬁs\f\: h—c¢ ; g Bl boe ]
o o . wm i il
used P »P..°-a P E:\‘ ::1:\> -

i g 15 18 PIUNY
3 I 1 S [ 4

;10'— J . % i | _ ,v i
Br(B°® r ¢'n)=(25+04'%5+05) 10* =i AR _
V,|=(33+0.2°3+07) 10| ° |
0F # " £
| 5.‘15 | 5|.2 | 5.|25 | 5!3 | 5.|15 | 5‘.2 | 5.‘25 | 5[3

(V| vauebasedon B® p/nand B® r /n) rate
Mcand (GEV) Mcand (GBV)

~2.84" 10° BB candidates
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Fully reconstruct r (p*p°, p*p-)/w and ¢ candidates, infer n energy/direction,
require several kinematic consistency cuts
— Study decay ratesand dG/ do?

b® c/n backgrounds dominant
— b® c/n suppression: final resultsfrom P, > 2.3 GeV/c (b® c/n end point)

 restricts sensitivity for discriminating betweerrmodels

Binned simultaneous maximum likelihood fit;
— 3P, bins(1.7-2.0, 20-2.3,>2.3 GeV/c)

— 5 signal modes (including w and p channels)

— 3 kinematic variables: il

* E

+ DE° (E, +E +|P.|)- B
* M(pp () | v

— b® candb® u background sources e R

Significant theoretical (form-factor) dependence: HegOeV)

— shape: extrapolation from near-end point to total rate

— normalization: |V | extraction requires GV |~

»  Dalitz Distribution -+ 25

{|2 G E\?ﬁ:ﬂ

miss
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B® r/n Fit Projections

~3.3” 10° BB candidates
IM(pp)-M(r)| < 0.15 Gev/c?
ap « E>230GeV IDE| < 0.5 GeV
+ B ot B |DE| < 05 GEV
i : 3 +

M) (GeVieh)

24 | 26 I
|:| Signal

b—ulv + B—=aly
h==chy

% ] sgnal
E,>23GeV = % %&L
+

IM(pp)-M(r)| < 0.15 Gevic? +

E,, (GeV)

1 ] 1 2
AE(GeV)
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{|2 {{:‘Eﬁt{’

~3.3” 10° BB candidates

¢n ¢f Distributions: Not yet sensitive where it matters!

Not sensmve here

AII E

KQC %
----- Wise/Ligeti+ET¥
= = BeyerMdelikhos t

. . 1 . E g 4 d ' : -+
» -Dalitz Distribution -2 | _ E,> 2.3 GeV E
.--. 7 . 1 - - - - E
' I Arbitarary normalization Kq0
Coa
et _ 'E
g =
Iliﬂ -l‘\-'lu.
1 |- N': 2 g -
S 5
e —.— L
i)
E — I8
S - lkoen E
----- Wise/Ligeti+ ET91 L.
“ & ';: .. i » By I G 'Il:h'jt"rﬂd[lhhu'l E o
¢ : " S g 5 10 15 20 0
Ejef GeV) {GETE.I’E}

D < 7 GeVZ/ch) = (7.6 £3.0777+3.0) " 102ns-!
+0.7

D7 <7 <14 GeV?/c)=(4.8£29 ;,3+0.7)" 102ns—
DGE? > 14 GeV?/ch) = (7.1 + 2.12)-? +0.6)" 102ns-1
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Preliminary Br (B® r/n) and |V | Results

New results from this analysis, averaged with previous CLEO exclusive b ® u/n results.
[J. P. Alexander et al., Phys. Rev. Lett. 77, 5000 (1996)]

BR(/10°Y V(710
ISGW2bias 2. 19+0.259:28 ISGW2|  rimy 3.24+0.14*021
LCSR| =i [3.0240.34°0% LCSR  r+=H [3.45+0.15'0%2
UKQCD| =+  [2.66+0.28%93 UKQCD| =t [3.3240.14°02)
Wise/Ligeti+E791| ——=+ 2.33+0.27* 039 Wise/Ligeti+E791| 1=+ 2.92+0.13%) 3¢
Beyer/Melikhov| H—=—H  [2.68+0.31"0733 Beyer/Melikhov e [3.3240.1570 3

Average| H—+=—+H  [2.57+0.29%03c10.41 Averagel —+s+H—1 3.25+0.14*%2L10 55
235338 25 3 35 4
Branching Fraction A

9/22/99 V. Sharma, UCSD Fermilab Colloquium 35



B Decays That Measure a,b,g

Large selection of B decay modes with varying levels of complications (rate,

theoretical control) which are useful for probing unitarity angles

Quark process | BY or BT Mode | Angle Comiment

b — cE€s J/ P Kg(KD) 3 Clean
J /1 IO 3 Clean, Angl.Anal

b — ccd DD 3 Penguin Poll
DPrefa—2 3 Penguin Poll, Angl. Anal

b — s5s,dds 7 IK© 3 Penguin
PIKY 3 Penguin Dominated
¢m® 3 Penguin Dominated

b — uwud. ddd = ¥ Penguin Poll.
e v Penguin Poll.
a0 ¥ PPenguin 1’oll

b —» u€s, cus DK =~y Amnplitude Anal.
AT ~y Penguin Dominant

*Cleo has searched for these and many other modes and
found some for the first time: Prelude to CP searches.

9/22/99

V. Sharma, UCSD

Fermilab Colloquium
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B® Jy K°® and Charmonium Modes

« 6.3fb*4Sdata P, >2.0 GeV Vib s Veb C
vy Reco Eff > 40%, Vi ) . géCC
o Kinematically Fitted for better momentum b < C b l\, < ] S
resol ution. \C G N TRY
) \V} ts»Vcs
See 75 eventsin B® yK,, K® p* p cs

[oX0]
o
Q

Br(B°® y K°) = (9.2+1.6) ~ 10* d

B® —> J /14Ky, IKg —> v
25 T L | T T L | T T T L | —
= ' CLEO E
E 6.3 fb~* of T(4S) data E R e e N
__ 15F 75 events in signal box - 3 " e before Kg vertex refit 'l-
L of .Estimoted background < 0.1 event e 800 after K, vertex refit =
} “F :ﬁ_‘— 3 ool Signal Monte Carlo ]
. —sF = . ]
é —10F " _z | .
sk ol S mc/v -
—_0 3 - Ca - = L -
.1 I PP P TP Bl RN PP B L -7 'i ]
—20 —1 B — 12 —& — o} O “+ : W d
(Mac—5.28 GeV) /o (Mac) < ol A
« Further, search for K® p°p° in Csl anW : B '
directionsto find and vertex the K flig T o U -
direction, -0.30  -D20  -0.1D 0.00 0.10

M(m°n")—M(Ks) (GeV/c®)

¢

9/22/99 V. Sharma, UCSD Fermilab Colloquium 37



B® Jy X and Charmonium Modes

B"%d w,, m, o
0.40 : , 20
6.3 fb™" of T(4S) data 15
= B2 45 avants in signal box [ 'my
% Esiimated background 0.7 evenis ﬂ
g E 5
- :.l‘ *\“
L} D00 3 1| 7& o
| [ ! ,_3
3 5 -
=D.20 s = L} .
" ~ =10}
: . —15F
o4 L L
5.200 5.220 E.E:lﬂ 5.280 5.280 E;.ECIEI
Beam constrained mass (GeV/c”) -26

3 B" — wi25IK
E‘—L —'r'l,p'._._. b
W 021 was)-rr
:._ u_. I.
b2
i_ 1 .I 5 1 1 | 1
52 5225 525 5275 53
Mgl Gev /c®)

9/22/99

AE(GeY)
)

—0.2 M=

B = yi25)ky,

w25 =l

V. Sharma, UCSD

10

B*—=J/yn’

: CLEO
6.3 fb™ of T(4S) dato
7 events in signal box

Estimatad bockaround 0.6 events =
_ CP=+1, important cross check __
:r...l...||....I...‘.||...-|. .:
-25 -15 -1 5]
(ME—E 28 Gev};’c[Mm}
% (i} - K'-I =
i) B = yils)
b 2 wias)orr
L o~
—0.2f" 7
oy AN W - gy oy
25 5275 . 5.2 5225 5.25
Ma(GeV/ch)

Fermilab Colloquium

G_A &
B - ;1,;1 I\,

E:l ‘r Fr v rrri '| T Iétéb' L N | '| L ]
15F 6.3 fb™' of T(4S) dota ‘;
it L 6 eventis in signal box :
% - Estimated background 0.6 gvents ]
e L . ]
] 2 -
i - ]
£ - ET .
g OF e |1
Ll L ]
| -5E .
& - ]
L N . ]
Eadaa L v 7
-15F ;
?C' : PN BT EEENT B ENET Ui B ETERAT I R | Ll 3
—25 =20 —-15 —10 -5 5
(Mge—5.28 GeV), KJ(ME)
;’ET; B — m[:tslm':'_
. ﬁ Q.2 WSy e
dy ok i
- & L + L
] PR
by | i "I: f 1 | |
5.275 5, 5.2 o, ELD- 5,25 5275 5
Ma(GeV /) Mg(GeV /e
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Jly K, Reconstruction in Csl

Fully" Reconstructed Event with a £} and »
| = 1.'1".‘}'I-;-;-"E*“'lll-“ -+ Uk, —W{ﬂ = D'Lﬁ st

]
LTy,

M1 11T, !

{1t r

= 500 g =520 O
Emz’ss B ﬁmiss‘ =0V

LA A
'|1IIILl.'.u'lllwllllInnplulllllni

|m 39



B® Jy K, Reconstruction in Csl

e UseCdl Cdo.~0.81l .,

— ~65% K, interactin Csl E“"}
* Regect gshowers with shower shape i £ D?(tas_ |
#orI 1gna
« K, Shower gives flight direction R :.’E,ga hac’iiﬂgm;nd oM
: : . = t .
— combinewith E,and # to makeB 2 | & m Sideband
e Veto events consistent with 20 # Continuum Background
- B ® VKO- <t 66 Events 1
By K - 31 Expected BG | ||
e Most background from photons

and real K,
Background dilution ~10 events

dueto

B-® yK" K*® K|
B°® yK,,K ® p°

9/22/99 V. Sharma, UCSD Fermilab Colloquium 40



BY Decay Mode | Sig Br frac CP Comment
Obs x10~4

B — J/¢yK?

K) — nta™ 75 2R S ) =] Clean !

K? — n97Y 15 | 12,1 =0.31-4:0.25

BY s .0 &, I{?J 23 +1 WK, K™ bkgnd

B — J/¢m" 7 0.3479-17 + 0.04 —1 Cabibbo suppr

BY — J/ymn 0 < 0.58 90% C.L. +1 (¢¥m) = % (")

B9 -y K° 6 4.519-2 4 0.9 il Xe1 — Uy

BY — J/¢pK*0 81.6 13.2: 1P 1.7 ~ —1 | Transversity Anal.

BY — ¢(28)K? 15 5.2+144+05 =] Y(28) — I+~

BY — ¢¥(29)K*? | 21 84+1.84+1.0 ~ —1 | Transversity Anal

 Many more clean decay modes, can ailmost double the CP-
sensitivity compared with B® Jy K¢
o First searchesfor Sin2b will need these “drops in the bucket”

9/22/99 V. Sharma, UCSD Fermilab Colloquium 41



Diagrams Contributingto B° ® DY*D""

e Decaysof type. b® ccd

C b ::...U
W<d
> C

yCl S
T
g <
c
< d d < d

Tree Strong Penguin

o| T

o Cabibbo-suppressed versionof B°® D{*D"”

2
D(*)2 Z 0 (s (5
T tan’q,. Br(B°® DY"D)
) o

» (0.9)(0.05)Br (B° ® D*D )

9/22/99 V. Sharma, UCSD Fermilab Colloquium

42



First Observationof B°® D'D"

e P® VVdecay b s, panddwave amplitudes contribute
o Factorization and HQET P 94% CP-Even, Penguin ~6%
e Angular analysis needed to separate amplitudes of diff. CP
« Experimental Challenge : Reco. Two Slow ~100 MeV p*
o See4 eventsupon 0.3£0.] Background

G

Br(B°® D*D"")=[6.2"55(stat) £1.0(syst)] " 10°*

o Utility of thisdecay mode for CP Violation
Studies requires very efficient low-momentum

charged particle tracking: BaBar, Belle! 5 -0 ———— :
Requires “inside-out” tracking in potentially 8 T (b) L i
high background/high occupancy scenario. g :!L T I E,;ﬁ 5.8

Beam—constrained mass (GeV)

9/22/99 V. Sharma, UCSD Fermilab Colloquium 43



Portrait of The Problem: B® p *p-

e Theory: Penguin Pollution, controllable by
Isospin trianglesusing B® p*pY,p0p0

e EXxperimental Problem : Need to separate
processfrom B°® K p* whichisdominant!

* Redity: B°® p*p~ findly seen and quite
smaller than expected + It aint pretty !

31
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JJJJJJ

20 44 &0 5l 100 120 140 160

N I

Br(B°® K'p~)=(18.832+1.3)" 10°,11.7s
Br(B°® p'p ) =(4.77:+0.6)" 10°,4.25

(assumingf, =f, =0.5)

9/22/99 V. Sharma, UCSD

Likelihood Fit Resultsfor B°® h* p~

After Particle ID, Mass and Fisher Shape cuts

) I R i S— L s —

L 'l I 1 1 Il Il I Il 'l L
0
5.250 5,300 5.200 5.250 5.300

Beam Constrained Mass (GgV)

K'p™ 1 s .

20
. .,‘ il
] |
a P - 4]
=020 0.00 0.20 -0.20

(DE° Eg- Epn)

Fermilab Colloquium 45



Events/2.5MeV

Events/20MeV

#)] Likelihood Fit Resultsfor B ® htp?

M easurement of a with B® p*p- will be difficult

N
pp°
9.200 8728 5250 8.279 5.300
M (GeV)
15y [ |
+~ 0 I2—30"‘21 -6
Br(B" ® K'p°)=(121735,,) 10
-0.20 -0.10 0.00 0.10 0.20
AE (GeV) Br(B*® p'p°) <12.0" 10 °* @90% CL
(DE° E¢ +E, - Ep) (assumingf, = f,, =0.5)
9/22/99 V. Sharma, UCSD Fermilab Colloquium 46



Candidate Event : B°® K/p * p°

Koy Tey
S
i

B
s i
AT e AR
Iy .’JJIlr.'rJJ_lrr':’:-ﬂ,ﬁmjam kT
I gt i
e

I
H '.',-,'rr.*.'r':.'ff.‘.'r'r','ﬂ.’.‘r',!.'!fffr'r'f'a’

I
Irrf.ulllrr.ulllrr.ul|||rriljllprmuur
] |Jr| I
nih 'ﬂ;.rrn:,um T

PN R b

G4 TAAL R i
It
T T J !
It sl AT
%.h'“w'%ghm' o ; il Y
T -\ ! o )
iy -.11\\.1 v .%4:9&??: -l;
l P e,
R N e

;
i
A
R L
L, SR
b R

S
W

a7
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First Observation of BO® r ¥p¥

Snyder & Quinn: Decay BY® p*p p® provides enough . — &
observables to determine a (in principle) even in presence of.
penguin contributions. Require analysis of time-dependent 3-

pion Dalitz plot including interference effects between
resonances.

— Assumption is that resonant contributions like BO® rp are M2
dominant.

— Onemay worry if theserates are large

enough for CP asymmetry measurements
even with LARGE collected luminosity !

CLEO: BO® r Tp*

— Challenge: Discriminate against B°® K*r # and B°® K Tp* 0 10 20 30

TaARAY

— Pick energetic pi0, tight dE/dx for Kaon discrimination, DE,
event shape variables to separate decay modes and suppress
continuum

— Perform Max. Likelihood fitforg®® r *p+ andpie k*r+
and continuum contribution using PDF from dataand MC.

9/22/99 V. Sharma, UCSD Fermilab Colloquium 48



Result From 7M BBbar events::

ESANERELNERRLE RERERY REEED EN"
50_— -
Br(B°® K*r¥)<25" 10°° L
Om Nty T +11 s 2% R i
Br(B"® p-r+)=[35 T 05 © 10 ko : Be 7 T \_
>_ - ;‘ J.r"l b
: o7 +8.9 I w7
Signal (P~ ™ )= 29.777, events Q[ 0
X 1 5 30
201 !
) i
Good News for asymmetric B detectors| | |
but thisisonly one part of B® 3p decay| 1o }
i\ 1\‘*--».‘
0-|\|$'*"-|;k“|.|| 'l Ll aaly
0 o 20 30 4
B"—>n"0" Yield
9/22/99 V. Sharma, UCSD Fermilab Colloquium




10

0
5.200 5.225 5.250 5.275 5.300
Piks
| | 1 | 1 I 1 | || | ] I 1 | 1 | ] I | | | I |
. K Op +

B_

4~ - K 2K
OJ,_‘ s & .+ . Y. Br(B*® K% *) =(182"3%+1.6) " 10°°

DE° E, +E - E_,,
( h ) (assumingf, = f,, =0.5)

9/22/99 V. Sharma, UCSD Fermilab Colloquium 50



Probesrare B fina states j h*,r
Bediagaet.al : Measuregin B*® p"pp~

be large.

Distinguished by dE/dx, DE, resonance masses

On* K*Op*

requires B ® r Op*

Continuum seperation by event shape requirements

Perform ML fits, seperately for each Vector resonance

dalitz amplitude anal.

60 J}f PR ;_| T T 10.— ki
50 I R g ..
sok / ~ N [ Projection after_ cuts on [\
| fao \ _ i all other variables | |
3o [ NN | -
| LY |
L3301 | % e \ ]
X N 5 T
\ | -
Tzn . ¥4 1 |'||7 \' ]
m h 3 Ry I g
tof ] 250 ”uu & il \ |
/] : B
o la'\" ' / Q-“ ] | \
0 10 20 30 40 50 B0 " ' : : :
¥ + 0 5.200 5.225 ﬁ.25ﬂ 2?5 5.30
B* —> m*p° Yield M, i Ge\/ﬁ

9/22/99

V. Sharma, UCSD

Fermilab Colloquium
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Analysisof B*® VP via (h*h h)

Cleo lI1+l1.V Data ~ 5.8° 10°BB events

Observationof BT ® r Op =

Measured Rate consistent with model predictions (Ali et. al) based on factorization

Mode Yield Efficiency Branching Fraction
r%* 26171 29.6+26% (1.5+05+04) 10°
r°kK* <275 27.6+24% <22  10°

K %* <210 278+24% <27  10°

KP°K* <6.5 26.4+24% <1.2° 10°

Bediagaet.al : Measuregin B* ® p *p ~p T dalitz distribution,
requires B*® r Op*

9/22/99 V. Sharma, UCSD Fermilab Colloquium 52



Two-Body Hadronic Penguin B Decays

Useful for study of
dynamics in Penguin
decay

Potential for
observation of
Indirect or Direct CP
asymmetry in some

modes
Bottomline:

Penguins are
large !

9/22/99
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B} First Searches For Direct CP Violation

« Decay modes with contributions from Penguin and Tree term are
obvious candidates for Direct CP Violation searches:

ACP |J- a ng ckm 8 nd strong

Mode S > Acp 90% CL

interval

K’ 168475 28947.5 —0.27+£0.23+£0.05 [-0.70,0.16
KO 145444 1024+£4.0 0.174£0244£0.05 [-0.27,0.61
K 38.6739  41.6%39 —0.04+£0.16 £0.05 [—0.35,0.27
K 51.74£9.2 48.74£8.9 0.03£0.124£0.05 [-0.22,0.28
W gt 19.17%%  —0.34£0.25£0.05 [—0.80,0.12

NO Sign of Direct CP Violation in B decaysyet !

9/22/99 V. Sharma, UCSD Fermilab Colloquium 56



W (H) L \Y
b s b W w' s
| - |

u,c,t u.c,t

q q q q
(a) (b)
¢
x' j é

AT - =
b # N s b W w &
——Pp— - B >

u,c,t u,c,t
q q q q

* NoFCNC at treelevel B decay® givesadirect look at loops and boxes
¢ SenstivetoV,V, New physics...
» Rate Enhanced by QCD corrections

« Recent SM NLO prediction:|B(b® sg) =(3.28 + 0.33) " 104

9/22/99 V. Sharma, UCSD Fermilab Colloquium 57



Measurement Of Inclusiveb ® sg

* Measure E; spectrum for ON and
OFF 4S resonance and subtract

— Need to suppress dominant ggbar
background to seeatiny b® sg rate

e Two methods:
— Event Shape analysis

— Pseudo B ® g9 reco.

Method I:
Shape analysis

qgb /

ISR

9/22/99 V. Sharma, UCSD

#4s/ (50 MeV)'/ pb

107

1035

_I— Total
_I Continuum ISR
Continuum 7°
I BB
=3 b—sy

Fermilab Colloquium

Method |1: Pseudo-B Reco

N
»

—
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Preliminary Results

e C(Cleoll data
3.1fb1ON, 1.6 fb'l OFF

e Rate measured for
2.1<E, <2.7GeV

Samples about 85% of the full
spectrum
 Model systematic:
— gpectator model inputs
— X hadronization
 NLO Prediction:

(3.28+0.33) "~ 10*
Chetyrkin, Misiak, and Munz

e ON Data

5 [ Scaled OFF Data
@ EE b — c background
od O v comrection

y =" correction
=

S
T

[ -E » NetYield
; i .&~ Spectator Model
E = :

(%]
T

Weight/(0.2 GeV)
wa [a™]
11 III?IIII?IIIIIII 1111
] I—‘¢—+—¢4

ﬁ

18 T 2 T T Izlzl T I2-4I T I2-6I T Izllgl T T 3 T T I3.2I
E, (GeV)

B(b® sg) =(3.15+0.35,, +0.32, . +0.26,,,) 10

9/22/99 V. Sharma, UCSD
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lmplications

e Bb® s <45x10%and

>2.0x 104
%Ch a 95% CL c“i_-;" 800 _IL\IIL.\I TTT I‘T"""h.__l_. T T TTTTT T T T TTT II_
e Higgs mass limits > L 3.0<10"
% (?'_")} 600 AN 3.2¢<107
— Limits on Charged Higgs with model 11 “-;t AN e _
coupling. g _

— NLO calculation of Borzumati & Greub
hep-ph/9802391

PhySReV D58(1998) 00 ||||||1| L Illll,ilo L ||||‘|1|DD

tan

 Anomalous WWgcouplings

Lywwy = —ie[(W],WFA” — WIA W) 04l

)\ | -0.6 —
+eWIW,FH 4+ —W! WHF 08
f I 1”;” fall ] P S

-3 -2 2 3

CLEO Allowed
Regions I
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3) CP Asymmetry inb ® sg ?

e SM saysitssmall! Another window on new physics?

b® sg = A, +A,e"e™
New physics could appear

b ® 5g = A, + Ag,ehe™™
In Asymmetry that would

B=|b® sg |2 +|6® Sg |2 not alter bfanching ratio
~ A’ (1+2r cosg,cosq,, +T1 °) A
A

~2r Inq.sinq,,

r
A-1D® sg[- |b® sgf’
Ib® sgP+|b® 59

Wolfenstein, A. Kagan, M. Neubert hep-ph/9803368; Aoki, Cho, Oshimo hep-ph/9811251
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75 B Flavor Identification and A

« Define A= CGb® s3)- Gb ® s0)
Gb® sg)+Gb ® 59)

e B Flavor Identification: K
— Pseudo - B reconstruction determines X, B .
#

the particles that make up B = @\/\/\
P know the b flavor !
— minor complication :

cannot flavor tag |B° ® Kgnp |Wwith the pseudo- Breco.
Such events do not contribute

— Monte Carlo b flavor tag effective
— mistag rateis 831+ 162 %
— Worry about detector. MC asymmetries etc , use data to evaluate them all

9/22/99 V. Sharma, UCSD Fermilab Colloquium 62
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05
0.aE
0.4
0.2
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-0.2

-0.4

1 1 1 1 1 1 1 1 1 1
1.8 o 2.3 2.4 2.6 2.8
Asymm etry witn ON - OFF - GENBB E. (GeV)

A=(0.16£014,,+005)* (L0£004,)
- 0.09<A <042

More Sensitive M easurements Coming Soon
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Status of the Unitarity Triangle

. Must be careful with the theoretical “errors’

| . PG> 05
«  Prefer Buras proposal to “scan” the alowed region R it B s i
. G am, '
« Htresultsala BaBar book : M.H.Schune & S. 04
Plaszczynski 07 :
= i ki
= C e
" -
L8 4
L i
| 02
L C
o 111
o B |
4T | LK 0.6 I
C 5
Experimental inputs Theoretical scan
L Am=0.471+0,016 pa™ 0.1 65 fBg €0.24 Gay
0.2 :— Vg Vgl =V g Wk 0,003 0.075<N LNV eh<D.105
i Ng/=0.0410.002 1.12< §,2<1.48
04 - M=165+6 Gov
=01 _—
-IL.8 _—
[ IR SIS BT SN U R IS SR MR R
-1 B =i, =li, -11.2 2 A K k3 Ty = - = - [l R ¥ '
.8 .6 0.4 1 1l il il .6 il ,],,,m_.,! —..U-_J e ‘r_} (_: ..jé_j {"-_)_J',r"f(j—f ,l
55 < sin 23 < .88 (95%CL) 22 < 7] < .48 (957%CL)

sin 2a’!
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Bounds

e Fleischer and Mannel:

[(Bg — a*K%)

sin? v + ofcorrections) < R = T(B* o K0

but recent CLEQ) measurements:

R=107=x0.45

e Nenbert and Rosner:

1- VR,

W= _—* < |5Eﬁ.-' —cosy| -+ 0(53_.-'3; Eq ]
€3/2 '
with
R, — LB® = K)
. * — 2(BEnUKE)
l,

(EE* 0173
® 350 = 2Ry (3 tan b [%]
e CLEO (+ theory): R = 1.32 £0.47

e theorv: 0,49 < dpw < 0.79
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May 26, 1999
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Future : B Factories are Here !

« PEP-Il and KEK-B are off to an excellent start with BaBar and Belle Detectors
this summer. CLEOIII (with excellent tracking and PID) installationisin
progress (See Frank Wuerthwein’ stalk)

o PEP-11 consistently delivers ~ 1.5x 103 cm?stinst. Luminosity to BaBar within
4 months of startup. BaBar Datataking eff. ~ 95%

— Anders Ryd will tell you more about the status of the B factories

BaBar Integrated Luminosity
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