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w Overview

What are we after here?

= b, ¢ Quark Production
— details of QCD, parton luminosities, fragmentation functions

= b, c Hadron Masses |  Tests of, Extraction
= b, ¢ Hadron Lifetimes > inputs to » of CKM
n b’ ¢ Hadron Decays , HQE, CKM Parameters

\ Heavy Quark Expansion

Tevatron and B-Factories Largely Complementary

= Rare b, ¢ Hadron Decays
— New Physics?
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Tevatron Collider Detectors

DA:

e Excellent Muon Coverage |n|<2

e Excellent Tracking Coverage |n|<3

e (Impact Parameter Trigger @ L2)

Central Calorimeter

Central Muon —
Wall Calorimeter [—=—X
(H) ‘-

By :
N

| ] .
Plug Calorimeter

("f'—[oHr}Nard
CDF:

e Excellent Mass Resolution
e Particle ID: TOF and dE/dx

T

e (Two-track invariant mass trigger @ L1)

Central :

e Impact Parameter Trigger @ L2 Forward/ - L gl Tracke

Calorimeter (E
E) Monitor

Mike Hildreth Les Rencontres de la Physique de la Valée d’Aéste 2005 3



Tevatron Performance

= |nstantaneous Luminosities above 1x1032 cm2s-1

1. 20E+32 1.20E+32

1.00E+32 =T 1.00E+32
Y
coe 11 o 0E3 Excellent recovery

4
-"
;{f «— after Fall shutdown

0.00E+00 ~ 0.00E+00 0.68
/_/ |
= Total Integrated T oso /
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w Open Heavy Flavor Production

= Long-standing “discrepancies” between predicted and measured
cross sections now resolved; combined effects of e.g. Cacciari, Frixione,

. . Mangano, Nason, Ridolfi,
—_ -+ =
better calculatlons_ (Fixed order (NLQ) NLL_ FONLL) JHEP 0407 (2004) 033
— Dbetter understanding of fragmentation functions
e relationship/difference between e*e- and hadron colliders
» different moments of FF relevant
— better estimate of theory errors 10" T T
o dl - X Data with total uncertainties
(upwar ) ",-' —— FONLL theoretical prediction
* new appreciation of issues with /7K., -+ Theoretical uncertainty
“quark-level” measurements N
= Total Cross sections (from CDF):

— Inclusive b cross section:
e |y<1| 29.4+0.6+6.2 ub
hep-ex/0412071 (submitted to PRD) ‘
— inclusive ¢ cross section: E
e ~50x higher [ lyl<0.6
PRL 91, 241804 (2003) !

do/dp(H,) nb/(GeV/c)

0 5 10 15 20 25
p+(H,) GeV/c
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Comments: Tevatron as HF Factory

= The cross sections given on the previous slide imply
— central (Jy|<1) b’s at 3kHz at current luminosities
e ~2x this if you look out to |y|<2
— central charm at 150kHz
— ~2x1019 b’s already seen by CDF and D@ in Run Il
— ~1x10%2 charm hadrons already produced(!)

— Near Infinite statistics for some measurements
= If you can trigger...

=

e Rely heavily on muon triggers

10° 3 Jy: 2.7M Titggers: - J/y decays are golden
. CDF B 360 pb™ nga? - semi-leptonic decays

{ o¢ .] E} Pter - rare decays with leptons
10° - Wu\ﬂ » Tracks with significant b/c,

Y(1S): 18K . .
vesyeaek| © Missing neutrals troublesome

-
10 _ Y(3S):2.0K

- forget = identification

102 E

0 2 4 6 8 10 12
Di-Muon Mass(GeV)
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Quarkonia Production

= Slightly different theoretical context
— Non-relativistic QCD (NRQCD) Lepage et al., PRD 46 4052 (1992)

— Production described by short distance cross sections © non-
perturbative matrix elements for evolution to quarkonium state.

— color octet modes required on top of color singlet to describe
production (demonstrated by CDF in Run I)

= New results from D@: Y(1s) production, Y—upu final state

submitted to PRL: hep-ex/0502030
® |y|<0.6

compared with
o Run I CDF

U

-
L 3]
x J

]

= 06<|y<12

e
®

3 \I_.Illll

+F

!
Q
*0

A 12<|y|<1.8

(d°c/dp.dy)/ oo (GeVic)
(d°c/dp;dy)/cror (GeVic)"

107%- 102
© —Ref.[8,9] |yl <06 F &
- - Ref.[89]0.6<y|<1.2 i
[ Ref.[8,9] 1.2 < |y|< 1.8 ; L I ¢
DD |y|<1.8(s) =196 TeV 7
10°- DG 10°L o CDF|y|<0.4V(s) = 1.8 TeV
:I\|III‘II\|III‘III|III‘III|III‘III|III :III‘Illl\||||\|‘|||||||||\||||\||||‘|\|
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

p; (GeV/c) p; (GeV/c)
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B Hadron Masses

* In HQE, mass splittings are calculable corrections

evaluation of Ag.p/my terms Bigi, Shifman,
A : . Uraltsev,
b requires knowledge of light Vainshtein

baryon )
quark dynamics in the presence
. B of the heavy quark field not
| “calculable”
Mp = my + K ——‘|’
2 b my

m A AQep hadronization and bound state effects
“ - me N Uraltsed given in terms of local HQ operators

— Same operators used for CKM analyses!

CDF Results: (preliminary)
~
m,. =5279.10 £ 0.41 + 0.36 MeV Using exclusive all-charged

m_, = 5279.63 + 0.53 = 0.33 MeV . (J/y) decay modes.

m, = 5366.01 + 0.73 += 0.33 MeV All world-best or very

mAb =5619.7 + 1.2 + 1.2 MeV y competitive measurements
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Excited B states

= Splittings predicted by HQE with relativistic light quarks:

5.8 7

1P(1/2) = Y3 < 1P1 200 —350pbt D@ Runll Preliminary
S 1P0O i
PR 1P2=B,
5.7 - s 1P1=B, 1°°
1P(3/2) —~ -
Mg—> O(1/my) LLUL 4 )
5 6 - (B - I/ WK™ /K®) +m
' Ebert, Faustov, Galkin S50 ’M:J IyK")+7
0 i I I L | | I I I ; : L L L

| |
. 0.2 0.3 0.4 0.5 0.6 0.7
D@ M(Br) - M(B) (GeV/c?)

M(B,) = 5724+4+7 MeV/c? _Combined B” signal | CDF Preliminary: ~330pb’
Y B0 o Total Signal
AM(B,-B,) = 23.6x7.7%3.9 MeV/c? % soz_CDF Preliminary B‘l’fB*T'[g”a
S E 330pbt
Q W
Theory prediction (EFG): = 20f } +
¥t 4 Lo
M(B,) = 5719 MeV/c? 2 ot %

o
S
TTT]TT

AM(B,-B,) = 14 MeV/c?

0.2 I | | 0.4
Q=m(@B")m(B)-m(n) (GeV/c)
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B. Mass Measurement

—

b,c both decay weakly

= CDF: Novel technique using exclusive final state

B.—~J/yn* (BR = 13%, BR(B,—»J/yn*—purn*) = 7.8 x 10-°)
Power of di-muon trigger, all-charged final state
First “physics use” of LOO

— Optimal lifetime resolution needed for background rejection

Analysis technique: “Blind” search for final state using MC, B*—J/yK*
decays to optimize selection criteria

e search for significant peak of width ~detector resolution above
background; criteria set by ToyMC studies

— chance of false positive <0.1%
m(B,)=6.2870+0.0048+0.0011 GeV/c?

W
tn

Score function S/(1.5 +\|E)
N
n w
Il\ll\ll\llll

N
AL

=
(]
T

o
o
T 7T
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QDF Run Il Preliminary 360 pb' . CDF Run |l Preliminary 360 pb”’
one peak e sf e cup e aasnaens | 100X MOTeE
a . under peak .
found! s precise than
B previous DG,
8 3f _
! : CDF results
C 2 .
N » " H L 1 from semi-
o ; = leptonic decays
o —%a a6 &8 7. 0562 625 63 635 64 _ 645 .
i p  Mass (GeV/c’) p i Mass (GeV/ic®)
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B Hadron Lifetimes

= HQE: no leading order corrections oc 1/m,
— General feature of QCD gauge structure

A %CD 7 *":\:-(-;1(' D
(STHb ~ O 5 + O — + ...
my 1 f-‘!‘:

2 2 o \
—% Lr}' — Cg % (B|bl'q - q1"'0| B)
b “m.b
BO vs. B* vs. B,, O(3-20%)

mesons vs. baryons, O(1%)

= Precise predictions possible:
(B,)
t(B°

<0.02 1(A,)/7(B%) = 0.86 £ 0.05

e.g. Gabbiani, Onishchenko, Petrov

1-

t(B*)/t(B%) =1.06+0.02
e.g. Tarantino; Gabbiani, Onishchenko, Petrov

— verification tests calculational validity of HQE, supplies needed
input for extraction of CKM parameters
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BO B* Lifetimes

= Dominated by B-Factory results

= But: innovative technique from D@
— ratio of n(B*)/n(B°) vs. proper time gives t(B*)/t(B°)
— many systematic errors cancel
— B—uD™X = BY, B—»>uD% ~ B*, measured BRs used for populations

e
W
o

@ 24944+750 D"__,ﬁon' cg submitted to PRL: hep-ex/0410052 DO
\ !
4000 |- T s wDw <
+ =0 4 5 = = ;
- B p Drn *%. 0.3
i *+ +MNO0 =
2000 | 1 4 D — D Z + %
_.__.,+ +"~—-_-.\.__‘ o E—— 025 B |
0 e ===
0.14 0.145 0.15 0.155 0.16 -0.1 0 0.1 0.2 0.3 0.4
M(D’r)-M(D’ ) (GeV/c?) Visible Proper Decay Length (cm)
HOQE: 1(B*)/1(B° = 1.080+0.016+0.014
t(B*)/t(B%) ~1.06 (was) World’'s Best Measurement

c.f. new Belle result
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B, Lifetime

= Only (really) available at the Tevatron

mix

JIyd

even

1.0 15 2.0 25
N L R R ' N L L B R
ALEPH 91-95 o, 154 014 10,04
CDF 9296 4 L 1.36 0.09 *%%
DELPHION95 L& |, 142 % 1003
OPAL 90-95 - 150 216 +0.04
élh.EPH 91-95 ‘ | 1.47 +0.14 +0.08
DELPHION9S L2 ) 153 01 40,07
DELPHI 91-94 160 £0.26 '
DOJF:&L 90-95 A i W L AR
Average ._¢_. 1.469 +0.059
1 | | | 1 ] é | | | | | | 1 | |
1.0 15 2.0 25
10 12 14 16 18
CDF 9295 — 4 134 B 10,05
CDF 0204 1369 20100 000
D0 02-04 .___‘__. 1.444 #9%8 +0,020
a— e 1404 +0.066
c 1,
1.0 1.2 1.4 1.6 1.8

note different horiz scales

Mike Hildreth

Tg,» picoseconds

Candidates per 50 um
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PRL 94, 042001 (2005) D@
103 e Data
B Signal
n [ Background
10
10
1
a0 .. NN
10 0 005 01 015 0.2 025 0.3
Proper Decay Length (cm)
= 1-1(B,)/t(B% = 0.061+0.044
= HQE: <0.02
|

D@ preparing updates with
much higher statistics
— huge jump in precision
forthcoming (Moriond)
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w A, Lifetime

= Another “Tevatron-only” state:

- to appear in PRL: hep-ex/0410054 . 110 ; - ; 1i5 | : : : 2i0
£ - :
o, 2] DO ALEPH 91-95 e 148 97 10,03
310 g 250 b_l AL : i -012
g - P ALEPH91-95 —— 1130 9% 40,04
3 I CDF 91-95 e ‘L 1.32 +0.15 +0.06
T10 = : :
& - CDF 02-03 h & H 125 10.26 +0.10
o - il :
’ ;_ ng02'04 b ‘ 1 1.22 % +0.04
- e HLSH A 1.11 %% 140,05
PRy EEAA!.-PQO'% i Y 4 129 *0% 10.06
10 SN L i
005 0 005 01 015 0.2 HFAG , 232 0.
X (cm) Ml Average b—O—< 1.232 +0.072
. . 1 | 1 1 i 1 | | 1 | | |
= Exclusive J/yA final state 1.0 15 2.0
— all charged particles a2 Picoseconds
— very clean
— will dominate with higher luminosity HQE:
O ~
= World Average: t(A,)/t(B%) = 0.803+0.047 ©(Ap)/1(B%) ~ 0.86
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w B, Lifetime

= Only observed at the Tevatron

0.|2 0.|4 016 0]8
d : " . - i ; i ! = ETT [T T T T [T I T T[T T T T[T T T T [T T T T [T T T T [ TT T T[T T ITT [TTTT
S 3L ; data %
: R, F heavy flavor backgroupd
SBF 92-95 e 1 046 217 +0.03 s ¥ F B prompt background
DU 02—04 " z ‘: I 0448 +0.123 _|_0 121 é 20 I:I Slgnﬂl
Tom f ; ’ ; ) -0.096 — Z 15 E
Average Q 0.45 +0.12 10
. 5
l | : : . | E : . | : ' ' | ' ™35 4 45 5 55 6 65 71 15 8
0.2 04 0.6 0.8 yi invariant mass (GeV)
TB::-, picoseconds If‘j‘ 30 :_I L——— T T T LIS B B e B B I B B ) I B |_:
Z w0 = DO Preliminary E
i Z w0k -1 E
= Recent D@ results use J/yyu final state ¢ *¢ 210 pb :

— yu invariant mass as discriminant
— systematic errors very preliminary

e will come down substantially _ . pd-propr e )
e update coming with much larger
luminosity HQE:
= World Average: t(B,) = 0.45+0.12 ps t(B.) « t(B%) v
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D& AT /T

= First Tevatron measurement with direct bearing on CP
violation and mixing in the B, system (New Physics!)
— define Heavy (H) and Light (L) B, states:
— TI'yand I'| are partial widths, AI'.=T"-T",,, [.=1/2(I",+I"))
— Differential decay rate (Lifetime difference!):

d'P(p,t)
dpdt

| Ao|%e L8 - f1(P) +( |4 [9e "L - fa(p)

FHt - fa(P) + Re(AGA)) - fs(p)e =
CP-odd angular

configuration
(L=1)

— rate depends on relative orientation
of meson polarization p =(cosd,p,cos

— Constraints/measurement of AI'J/I"; directly
relevant to observing B, mixing

—=See Stephie’s talk in CP-Mixing session »
Mike Hildreth Les Rencontres de la Physique de la Valée d’Aéste 2005 16




Rare B Decays (1)

* Probe high-mass corrections to decay amplitudes

= New Physics!

= Classic Tevatron mode:
Bs—up

— SM BR ~ 4x10°

— BR could be 100x larger
iIn some SUSY models
e depends on H* mass

and tan"p, N>6 Ty g
§ -:-.;.‘. }g DO Signal region
= 1
1.4 . :
CDF: BR(B,>uu)< 7.5x107 (95% CL)* 2 17 Sideband Sideband 2
PRL 93 032001 (2004) % Og
*Working on multivariate technique éﬂ 86
4
D@: BR(B,—»pp)< 5.0x10-7 (95% CL)* 0.2
to appear in PRL: hep-ex/0410039 L 4:6 | '418' | EI: | 5|2 | 5.I4 } '5:'6' | '5:8 | é | 6:2
*Will update for Moriond Invariant mass (U | ) [GeV/c']
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w Rare B Decays (1)

= Charmless B, Decays
Bs—>¢

— Decay amplitude comprises QCD and
electroweak penguin contributions
e may be dominated by EW penguin
e (¢ decay normalized to B,—J/yK®

CDF Runll Preliminary L=179+10pb"

- . Signal region
i Sidebands region

~
(=]
[

=]
=]
T ] T

Events/2 MeV/c?

M w e (41
(=] (=) (=] (=]
AR AN EEARN RN

-h
=]
TTT T T T

#8099 1 101 1.02 1.03 104 1.05 1.06
m, . [GeV/cT]

BR(B.—~>¢¢) = (1.4 = 0.6+ 0.2 = 0.5(BR's))x10~> COF Runil Fraliminary L = 17910 pb”

12 events in search window
Expected BG events = 1.95 +0.62

e First step in program to explore
other charmless B, decays

Events/24 MeV/c>
=]

* e.g9. B.—~¢m dominated purely by 4
EW penguin contributions 3
e search for anomalies, constrain 5

penguin contributions to other final

nodd, o

54 56 58 6 ,
mM[GeWc]
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Rare C Decays

= Some models allow FCNC in the up-quark sector

— e.g. RPV SUSY: FCNC allowed at tree level in some cases
— CDF: Br(D%—pup) < 3.1 x 10° @ 95% CL PRD 68 091101 (2003)
— Just scratching the surface, really

e CDF has two-track “charm” trigger
e D@ can use excellent muon coverage

Example:

— Cc—u/t/~ particularly sensitive (Burdman, Golowich, Hewett, Pakvasa)

D+ % 7Z_+lLl+lLl—

,_\
[=]
\

S

—_
=]
'

)]

—
[=]
|

s}

,_\

=]
—
=}

Ty, dr/dm, 2 [Gev-?]

0.5

1.0
m,, [GeVl

1.5 I
m, [GeV]

D@: First
evidence for
D >yt
Analysis will
be shown at
Moriond
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w Conclusions

= LOTS of B, C hadrons to play with!
— 2x10%° b’s, 1x10*? ¢’'s produced so far in Run 11

= Tevatron poised to dominate in
— (some) lifetime measurements
— rare decays, especially those with leptonic modes
— B mixing
= Many possible contributions to bolstering HQE knowlege:
— precise lifetime measurements
— precise mass measurements
— excited B, C states

= clarify extraction of CKM parameters with better understanding
of underlying theory

= We can always hope for surprises!

Thanks to CDF, D@ B-physics conveners and analyzers I
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Backup Slides

Mike Hildreth Les Rencontres de la Physique de la Valée d’Adste 2005 21



B, — J/yo -
= pr(J/y) > 3 GeV %m
“pr(K)>0.4 Gev G
= L(B,)/o, = 3.0 400

= cos(O(L,pg))> 0.95

80
= b(B.)/o,< 6 .
40
20
- + +
0_ | Ll il | I I ST N N N T T T W
5 5.1 5.2 5.3 5.4 55 56 5.7

Mike Hildreth

Typical B Selections

D@ Runll Preliminary

III|II1|III|III|III

B) - J/y +0

N =403+ 28

Mass Gev/c?
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= CDF: Measurement Strategy
— Choose definite CP state: B.—J/yo
— time-dependent angular distributions select I',;, [, components

—

0.5

B! - Jiyo

Lot

o
coso

1

[ B! Jhyo

AT T,

0.5¢-

- BY 5 Jhy o

b

i
cosy

= CDF Results: AL, /T, =0.65"% +0.01

AT, =0.47"77

+0.01ps™

c.f. Theory: |AIL'||/T{<0.29 at 95% CL
constraint on Am_: Am_=125"
current limit: Am_ >14.5 ps™ at 95% CL

Very interesting result

Mike Hildreth

=

-t
o

candidates per 50 um

[}

CDF Run Il Preliminary

L ~ 260 pb”

Candidates per 20.0 MeVie *
g 8 B
T T

|8||

“’...E .8..

-+ data

[11Sig
— Sig Light
SI Heavy

Bkg Long-lived
— BKd sporteiived

Fit prob: 37.8%

B, = dly ¢

ctlofet) =5

B, = Jiy ¢
[ 5.26< M(B,) <5.42 GeV
ctlofet)> 5
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