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What You're In For

1) >100 Heavy Flavor results from the Tevatron since start of Run Il !
— 48 Heavy Flavor publications
- tragically, the organizers denied my request for an extra 2,980 minutes
— cannot possibly cover it all in detail (apologies to those | slight)

2) Concentrate on the Breadth of Heavy Flavor Physics
- QCD Model Building

— Direct Searches for Beyond SM effects
— CKM Matrix / EW Symmetry = Indirect Searches

— Use selected new results

3) Outline

— Why Heavy Flavors at the Tevatron ?
- Experimental Ingredients
— Results and Future Prospects

www-dO0.fnal.gov/Run2Physics/WWW/results/b.htm www-cdf.fnal.gov/physics/new/bottom/bottom.html
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Hard Scatter
* perturb vs.
non-pert QCD

H.Evans

Hadronization

* fragmentation
* hadron properties
°* QCD models
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Decay

* QCD models

* EW symmetry breaking
& CP-violation

* New Physics




CDF and D@

Data Samples

~3.0 fb" delivered | | U- .LAr. Ca] Tracking: Si, Sci-Fi & Solenoid
~2.5 fb' recorded ; .

1.3 fb results
\one result w/ 2 fb 1)

o
[m)

Production LEP B-Factories Tevatron LHCb
E =91 GeV Y(4S) (in accept) (in accept)
Approx bb rate 0.35 Hz 20 Hz 6 kHz 50 kHz

Important at the Tevatron
 Triggering  Leptons: BR(B—/ X) ~ 11%
 Tracking/Vertexing: L ~ O(1 mm) - t / K Separation: CDF
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Triggering & Muons

3 Level Trigger Systems Muons Coverage Shielding

DO 1.7 MHz 2 kHz 1 kHz DO ml<2.0 12-18 A
CDF___ 1.7 MHz 30 kHz 1 kHz CDF <10 >5A}
@ Level 1 W
T ~100 Hz
N | Di-Muon Mass{with silicon) | CDF Preliminary: ~330pb’
T v_» — v‘_) Level 3 2 o] S Trggers
readout pipelines DAQ o] W25): 440K Satr
w,p Upsilon
iy !
Trigger CDF DO o[
2-Track P_(trk)>2.0 GeV — 10°]
0.12<d0<1 mm 10" 4
P >5.5 GeV - | |
0 2 4 B B 10 12
| + Displ Trk P/>4, P"*>2 GeV — Dr-iuon Mess(GeV)
0.12<d <1 mm E :zzzz_ e DO
1-Muon — P.>3,4,5 GeV or & -
Z 400001
= ~
P.>5 GeV & d /o(d,)>3 2 30000 g_focp . s, 28, 39)
(luminosity dependent) 20000 / \
2-Muon P.(u's)>1.5GeV P (u's)>2.0 GeV 1°°°2; ~ \ SN
2 4 6 8 10 12

invariant (1 1) Mass [GeV]
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2 Track Mass Resolutlon

Exp B Radii [cm] In| Range <Space Pts>
CDF 14T 1.5-137 <2.0 >100
DO 20T 2.8 — 52 < 3.0 20

1.7 w/ Layer 0 — 25% gain in proper time resolution

(pseudo) Proper Time Resolution

1 D@:B,—»pD, X
't

% 7 | Ut s MU SUSU SO TSSOSO USRS S |:_
2 b 5 - CDF: B, — ID_ X (<c> = 45 um)
% 200f-.| i DD :
180 |EMCOF | - CDF: B, — (3)n D, (<6> = 26 um)
1503_ ..... . ALEPH b B
- e e ..
1400 | WM | HCb Y(1 S)-)p, p, 3 B, Lifetime
120[- ; - ALEPH: well meas B_—had
100f- - _
8Oy Boww : Am_ =17 ps
50;—¢—)K+K ....................................................................................................................... a
do0f- -
203— : : |:+
o E e : L Mﬁ
2000 4000 6000 8000 10000 - L
M{trk—trk} [ME“] B = m“\ L] R
0 0005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
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Theory-Data now agree Q-Q Angular Correlations: sensitive to prod.

N L(]I?-PrIOd CDF 11 (740 pb™) Flavor Creation Flavor ExcitationQ Gluon Splitting 4
e 0 ; 5

s A JgX (196 TeV)

o L0 - 5 "

= N ® JAPK* (196 TeV)

] N O JyK* (L8 TeV) _

] N

5 . o scaled o 1.96 TeV Q q q

= 10?2

= . CDF Run Il Preliminary, 1.1 fb™! CDF Run Il Preliminary, 1/ fb™

& AN Sr o — 5 7 L

o] NLO Pred D% Iyl <1,5.5<p, <20 GeVic -_-.;1.4 D*_- lyl < 1,/.0 < p_<20 GeV/c

° ac D*:lyl<1,55<p,_ <20 GeVic £ D*:ly| < /4 5.5 < p, <20 GeVic
-=

=

—=— Data

FON LL Pred ? —— Pythia, € § > 5GeVic DO D*— +

doldAd [nb/°]
w

; —&— fLata
E Pythia, ¢T, B, > 5 GeVic i
O Flavor Creation o
C + —
Flavor Excitation D D
T

L ! :
——  Gluon Splitting % Gluon Splitting

5 LO L5 20 25 E . %
Pr (GeVic) 15* % . 0_22 | ) |

——  Flavor Creation

— Flavor Excitation

N
TTTT

T

T R e BT RPRRR e o‘ﬂ—ﬁl‘u:' 'wzw I S
00 20 40 60 80 100 120 140 160 180 00 20 40 60 80 100 120 140 160 180
A [] A [7]

But discrepencies lingerin C's

Data: CDF 5.8 pb' GM-VFN Pred: Kniehl, et al .
e Y I CDF Meas of Charm Meson Pairs

DO GM-VFNS 1 Ll D+ GM-VENS ] - DO/D+ + DJ‘ SEIECtiOﬂ in 1-1 fb-l

VS = 1.96 TeV

isyel - comp to LO+parton shower: PYTHIA (tune A)

R s - data favors more collinear heavy-Q prod

VS = 1.96 TeV

Kniehl, et al, PRL 96, 012001 (2006)
] ol .

5 7.5 10 125 15 175 20 225 25 05 75 10 125 15 175 20 22
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Onium Production

% \Jwx-sectvsp, 5 B v g
o \Z/w L _/—I \I’ u,oz-: + _ Sl S —/fl\l,
S 3o} ) { |
s 4 ~ % %2 ICDF Run I vS COM 7oy, ] g s B
R I T T T v g
q - v . Color Singlet Color Octet (NRQCD) Pomeron-Inspired (new)
[Braaten & Flemming] [Khoze, et al, EPJ C39 (2005)]
total x-sect x10-50 too low agrees at hi-p, adjustable
pol. (hi-p,) ~hone transverse (o>0) longitudinal (0.<0)
J/y source X. = Jy prompt prompt
New CDF Results (most precise available) favor Khoze, et al
' .. e i
- Prompt J/v and y' Polarization longitudinal at high p.
- %/ X, production differs from spin counting (COM)
; fo CDF Run I Prellmlnary 800 pb _ . — CDF (1.1 fb™")
- CDF II Preliminary, 800 pb’' _ ;' 'j as + Dot (stot.)
0.6 ; - Prompt J/y Polarization J/ \I’ E: E_ _l_ Prompt v’ polarization(c) _E @B I - g— ;\rzt\ec:fn;;r);g Unc
0.4; 0_45_ —— ® CDF Run Il Preliminary 7 07 I
025 kS l Lo = N I xc2 / xc1
dé_ Dl e oo d§ oo [T L 4 1 |l
02E B 02| | 1 | £%-0.75+0.03+0.03+0.04(BR)
0.4 -0_4} ] 0.3 [ o
-0-5; ***** zero polarization '0-5; T —| 02 R Spin Counting - 5/3
-o.a% -0.8;— _ 01
'1Tt|'."”‘u”"1|5”"2|u"”2|5"”3‘0‘ '1'0_‘5""1|0'"‘1‘5""2|0"“2‘5'“|3|07 RN GW‘BV/20
pr /) [GeVic] pr () [GeV/c] 0(Xe2)/ 0 (xer) V8. Po(J/9) Y/ C
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Tevatron: good hunting ground for Heavy-Quark Hadrons

Fermilab U

- B_, excited states, heavy baryons, X(3872), penta-quarks,... D@ prelim
> 20 — BR(B_.—uD_X)
§ . D@ Run Il Preliminary DQ' B N D e X s s
% 15:_ --------------- g:iiground st > l'l' .S
s | - 2536 sionel | (1% Observation)

G o |h —— Fit function
: N(D,,) = 43.8+8.3
5_
: M(D,,) = 2535.7+0.6£0.5 MeV
I c
25 252 251 256 2&'38 26 2620 2.64 (PDGO06: 2535.341£0.31 MeV) S
Invariant Mass of D* K, [GeV] 0 02040608 1 1.2
 CDEll Preliminary, L =1.1 fb'__ Fit Prob. = 76% BR{B,*D',.,IIK{%}
% 50; ¥ : ;:::aklgFrl:)und CDF: Z
= : b — ZL—)AETE’
0 40— — 55 AM t :
5 | s=ar ) (15 observation) M(Zb) M(Z,) » 21.3%200.4
@ | :
T 20 S
s N(=;)=60"15"" . e
8 14 M(Zp) -M(Ap) | 1 1. | 48.477:04
| ~ TowlFit N(Z" ) 74j$+;6 —— CDF
- y+ — Background ThEDry Range
wp P B 1245 . o
: HEo N(x,)=29">"" M(Z;) - M(A,) 4| 55.9:1.020.
20; I TH N Z*+ :74+17+10 : : :
4 m+ i R ‘see talk b"l dusesdusdosdlul) CDF prelim
Yo J. Pursley 0 1020 3040 50 6070 y(): Masses
Q= m(AX) - m(AD - m, (GeVic?) Mass Difference (MeV)



. More Heavy Hadrons: B’

: 15! State Separation

¥
=)
Q

8
S

Number of Events / 10 MeV/c?
@
o

8

DO, L=1.3 fb!

1 1 % s = Lo 1 L
8.2 025 03 035 04 045 05 055 06 065 07

[ Q:B"inJ/iy K channel |

M(B'r) - M(B*) (GeV/c)

CDF Run Il Preliminary: 370 pb'1

; 70E Fit Prob = 91% — Total fit
3 —B,—»B'n
@ ooF . 1
G 0= CDF prelim_g ..
g 50 B,>Bn
c F Bn
—40= 4 Myl -
g 30 Wyl +++ '''' Ijotalgack:rgind
o T L e on-Comb. Bkg.
u’; 20— ++ +
100 AR i
e N + . é’ T -
%3 06

Orbitally Excited B Mesons
5979 -
| L=0.P=—1 L=1P=+1
S8T9 4 7~
(0.4 B'h <—| |_>Bh’ B'h
5779 . g B
e -
5679 4 E
=02 2
5579 -
0.1
5479
53794 B S
26" g
5279 - L1 o

not observed by DO

- CDF
D&
Theory

ar20 ar2h

Number of events

*
BS

: 1% Evidence,

D@ prelim

129
[ + BK

100 L Jek
75 |
50 |

25 |

- mee”

—B*r

;

0 0.025

P T T T NN SR S S SO NN S S R A |
0.075 o1 0.125 0.15
M{B*K)-M(B"-M(K} {GeV/c?)

M
0.05

CDF pl‘ellm Preliminary 1.0 fo’
S 405— —BK
= 35 BK*
N 30f — Signal
— Background

B* K threshnld

B ” States

05 020
(K) [GeV/c]

A
0.10

.05
M(B'K)-M(B")-M

s1 $2

Q =m(Br) - m(B) - m(r:) (GeVlc )
pred. to be below B" K threshold \

B~ States if D@ AM(B") is correct
o 5738.0+5.0+1.0 5839.6+0.4+0.5 :
B,
B1 | O
—— 5734.0+3.0+£2.0 5829.4+0.2:0.6 :

Theory
ﬁ'm Lt Ly ﬁ'ﬁ L ﬁﬁMatsuki, et al, hep-ph/0605019L.—— .
Mass [ MeV)

& (MaV)

0



Lifetimes and Masses w

B-Hadron Lifetimes Tevatron meas's B-Hadron Masses
(w.r.t. B® Lifetime) dominant for (w.r.t. World Ave)
A heavy B-Hadrons o
Ay —» diy A : CDF {1.0fb") .,C,.. | D410 057 A A, —» iy A" : CDF (0.22fb) ...C,.. 5619741244 2
HFAG 06 : : : N 0.812:0.032 b A,: PDGOG : —— : 5624.0:9.0
B, -+ Jly @ v : CDF (0.36fb ") e 0.303°550.024 Bc B, Jly = :COF (146 ) | 6376.5.4.012.7
HFAG 06 b 0.301:0.043 B,: PDGO6 —— 6266.0:5.0
B . D, | X : CDF (0.36fb )* : 5 : L et 0.638:0.044°068 B
BY » Jiy & : CDF (1.0fb" )" DLW 0.963:0.047 0,005 S B, > Jiy 4 : CDF (0.22b) : ' T : : 5366.0:0.7:0.3
HFAG 06 ' ' ' Comd 0.850+0.018 B,: PDGO6 § ST § 5367.5:1.8
B*: PDGO6 : : m : : 5279.440.5
: : : : : 0 B Jiy K"K, : CDF (0.22fb") : 5279605103
B* —» Jiy K" : CDF (1.0f6")* : é : : ) 1.051:0.025:0.004 B*/B B* > Jly K : CDF (0.22fb") : : .:? : : 5279.1:0.4:0.4
HFAG 06 W | 1o7s:0.008 B": PDGO6 N 5279.0:0.5
competitive w/ TR
b b b el . oloo b b
0 02 0.4 0608 1 1.2 B-Factories 4510 5 0 5 10 15
* - - 0
preliminary +(B-hadron) / (B") for B+/B Mass - M(W.A.) (MeV)
H.Evans Fermilab Users' Meeting - 2007 testbed for lattice calc's 11




Rare Decays and FCNCs

FCNC Results

Large B-samples = sens. to rare decays

Hadronic BRs below 10~
* many modes obs. for 1°' time

« B, — h*h", y(2S), 69, D 37, ...
- Leptonic BRs below 107

Flavor Changing Neutral Currents

- small BRs in SM
W+

b ——

FOCUS 2003

D® - u” " : CDF {0.07fb )
BaBar 2004

B” —»p"u K" : CDF m.ﬂth'1:|*
Ave(BaBar 2006, Belle 2003)

B+ p"pn K" :CDF :D.Hsz'1:|‘
Ave(BaBar 2006, Belle 2003)

B® > u"u : CDF (0.78fb )*
BaBar 2005

B, »u’u o :CDF (0.92fb |*

B, »n u :CDF

d

1! D@ result

using Layer-0 Data !

T - & ‘s_’ u,c,t u
B' u,c,t v w
_ S
d,s TR u,c,t
W
- large enhancements in other models
e B(B —pp)ectan® B in MSSM (2HDM)
— H+
b —----- ut
s vau i
d,s U
W
H.Evans
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Doy #=—1

D°_—>].;+u‘§ -1-—-I| .

Bk

-
-

BO—spurK®

B
—

B oS

25.00
13.00

6.00+1.50:10.40
3.80+1.00

8.20+3.1044.00
10.2042.90

0.23
0.83

409 Aq udas jeubis og g

L

0.B0

0*1010210" 1 10 10*10°

BR x 107
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Mixing and CP Violation

EW Symmetry Breaking = Weak # Mass # CP Eigenstates

ii |B_°(t)> _ M—i£ |B_°(t)> le’L\? _:PLBi>iZI|B°> g b V,:b t y;’d g’a
dt|(B°(¢), 2)\1go(t))|  Boss,euen =IB° =IB” > B2 w w B
=) s,d ! ! s,d_
- SM 1 source of CP-violation s S.d vt v b ~
- MSSM 43 sources of CP-violation @ e N é
_ b s 2
s b “-p——35 ©
Observables g B g & B g
Am=M —M ~2|M_| sens. to NP N s V- b §
Al =I _—I__~2|_| notsens.toNP b s :fg
AI' =I' —=I' =AT cos¢_ very sens. to NP §
(¢, = -0.5 — -0.8 in 4-gen models) < Vil unitarity g
Hou,Nagashima,Soddu; hep-ph/0610385 triangle 'g
In the SM 5
2
i:o 1,2, (QCD) ¢SNO.25O Am, _ MBd fz:d Bd vtd
Ams mf Ams MBs stBBs ts

H.Evans Fermilab Users' Meeting - 2007 13



w

. »CDF: Combined —1 fb™-r00"_ <cDP> D@ Prelim: Combined — 1 fb"
; = —snee | Exp  Mode Sample OST SST Sens [ps] =", LR
£ 00 ALEPH Hadronic 285  27% 13.6 .
OF * 0 ) e .
F. DO I D (¢, K'K,K° K) 43,000 2.5% 165 909 oL
w = |CDF ID(all 61,500 1.8% 4.8%  19.3 ‘s *
R ™ | D (on.K'K,3m) (3)x 8,700 1.8% 3.7% 307 ° ok,
Am_=17.77 £ 0.10 + 0.07 ps 17 < Am_< 21 ps (90% CL)
8 ) 18— o\ TR T 8
< ik - [ ) m | & seealso Utfit:
a £ am, &am, 1:5'"2“ % — | 2 http:/utfit.romal.infn.it/
O "3_ ° ] 05 - 3
A ‘ L LN a 1 @©
L E- o nzp B :> o E B @
: dh) Ve Vgl Fvn B t (1)
()] E 0.5 A i /\ L\ N3 - :
E E i - N _.0_.!
L X £ 1=
=  |mm - K Py -
¢ s g LS, LT iy =
0 1 05 0 ups 1 15 2 1 05 0 055 1 1.5 2 5
+0.5%
th +0.0081
V_ = 0.2060+0.0007 (exp)" 00060\ [NEOT) = ./ +0.3%
, (Am
y |CDF Measurementl
-O
BaBar and Belle Ave: 0.200+0.016 (exp) " (theo) |E—£Y "123.4%
SRl P)-0o1s BK'y M.Okamoto hep-lat/0510113
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@ [ and CPV Phase in B_Mesons | DI

1) Ang. dist'sinB_—J/y¢ D@,CDF 3) CP-specific Final States

— fitfor AT, t_, helicity comp's, - B_— K*K- Lifetime CDF
1 1
strong phases, ¢_(new DQ) - L
7P b e I |1+(AT /2T )
- B~ DD BR D@,CDF
AT
ZBReven: = 1
2) Charge Asym's in Decay DO I |1+Ar/2r
- pp—ou p X
b—utu)— b u f Z
AgzZN(bl_J pop) N(bl_J pop ):A;ﬁ “s pe
Nbb—pyu u )+N(bb—pu ) f,Z,
z -1 1 4) Flavor Specific Lifetime D@,CDF
“1—(Ar j2r * 1+(am /r ?
(AT2E) AHam T - B—>ID_X 1|1+(Aar j2ry
- B,-»>DuX T’S_FS 1-(AT J2r )
N(B -u"D)-N(B_—»u D) 1 AT 11
A;L: ( s H s) ( s H s) N1_ S tand)s FSZ’F—:E(FL—FFH)

N(BS—>u+D;)+N(BS—>u_D:) 2Am_
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0.6

04

02

[}

1 L 1.2 1‘ 14 15 1.6 1.7 18 19 2

1T (ps)
-sigma contours (A(logL) = 0.5

— DBF J

) - Flavor SpeC|f|c HFAG
Z
= 0.4}

< |

Direct
Measurements

I Combined
0.2+

SIVI-

DO
Or Br(BY~DY'D)

o / //

11 12 13 1 1.7
1/1“S [ps]

AT _=0.0717 > ps™’

—0.057

(—0.04<AT _<+0.17) ps '(95% CL)

“Constrained” Includes:

Combining DJ Results

D@ Combination SM Pred

AT, 0.13 + 0.09 ps" 0.088 + 0.017 ps-
+0.47
0, —-0.70" . (4.2 + 1.4) x 10
Lenz,Nierste hep-ph/0612167
™) 0.5 _
i * Constrained D@, 1.1 ib”
; ] Bg i J/‘I’ ) Lenz, Nierste
~ 03 e, hep-ph/0612167 . cq
no.2 s 2, SM semileptonic
Li ‘ / ] chartge
%, asymmetry
<1 o041 y = band
-0 )

-0.1
B, > Jiyo e - \ n
*B, - p X Asymmetry 03 AFS tan¢s _ ASSL Ams
* Dimuon Asymmetry )
* World Average: T, '0-45 AT = ATSM x |cos(o,)|
_0.5-||||||||||||||||||||||||||||||
3 2 -1 0 1 2

O (radians)
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> r _
g 1400 B Kt
i | e

9 1200 P ’
™ r e -kk
h -
8_ 1000~ - BG/BG — T
/] L - B:—>K'1t*+§:—>K+ﬂ:'
% 800; |:| M= pﬂ:'+7§2—>fm+
g | B 12 s B
— r Ap = pK+ AL - BK
.g 600[ |:| Combinatorial backg.
8 L - Three-body B decays

400[

200

53
Invariant T-mass[GeV/c?]

5.2

2 :N(B—>f)—N(B—>f)
“ N(B-f)+N(B-f)

A_.(B° = K* 1) =—0.086 + 0.023 + 0.009- W/
A.(B,—> K 7)= 0.039+0.15+0.08 (B-Factories

AB°-K n')-AB°-K"'n")
A(BS—>K_7T+)—A(BS—>K+T(_>

H.Evans

- 56 57 5.8

N(B,—~K-r*) = 230 38

N(B,—»7m') = 26 + 21
N(B°—K*K-) = 61 £ 43
N(B°—K+*r") = 4045 + 84
N(B°->mn) = 1121 £ 63

competitive

0.84 = 0.42 +0.15

1in the SM

B, —» K K : CDF (1fb)*

B” » K™K : CDF {1fb")*
HFAG 2006

B* - K" = : HFAG 2006

B® - =~ = CDF (1fb )"
HFAG 2006 (no CDF)

BaBar (HFAGO06)
Belle (HFAGO06)
CDF 1 fb

e‘e” Average

e'e” + CDFIl Average

. —» K =*: CDF (1 )*

= = : CDF {16 )*

L

—_Branching Ratios_

-0.2

Fermilab Users' Meeting - 2007

0.1

5.00+0.7541.00

24.4041.40+4.60

1.36

o.ro
0.37

19.40:+0.60

5.1040.3340.36
5171024

-0.040+ 0.160 £ 0.020

-0.108 £ 0.024 £ 0.008

-0.093+ 0.018+0.008

-0.086 £ 0.023 + 0.009
-0.098 £ 0.015
-0.095+0.013
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@ theruwe DO

Detectors and Data Collection
— up to 8 fb! (per exp) with expected data (note: increasingly restrictive triggers)
- D@ Layer-0 Silicon: 25% improvement in proper time res.

B-Hadron Properties: Production, Lifetimes, BRs, Spectroscopy...
- continue production studies using angular distrib's, onia polarization
- heavy states and their properties: B, X , &, ...

- increasing sensitivity to rare decay modes

FCNC Decays
- should observe p* u= ¢ (get w/in x10 of p* u-) if close to SM pred.

- asymmetries in B, - prp X

EW Symmetry Breaking, Unitarity Triangle, CP-Violation
- |V,/ V.| now dominated by theory error

- fits to flavor tagged B, — J/y ¢ = simul. sens. to A, ¢_, Am_

- sensitivity toyfrom B, - K* 7 Nostradamus says...
H.Evans Fermilab Users' Meeting - 2007 I knew itall along! 18



@ somay DO

Remarkable Progress in B Physics since Start of Run Il !

B Properties: Production, Masses, Lifetimes, BRs, Spectroscopy...
- many heavy states and decays modes observed for the first time
- lifetime & mass accuracy improved by > factor of 2
- valuable tests of QCD Modeling: SU(3), etc.

FCNC Decays
- limits have improved by several orders of magnitude since Run |l

- B.oppuo approaching a measurement

- B, opw limits only a factor of 30 from SM

EW Symmetry Breaking / Unitarity Triangle
- Am_now measured: |V, /V | error dominated by theory

- now achieving sensitivity to CPV phase ¢_

- Direct CP asymmetry measurements competitive with B-Factories
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