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@ Heavy Flavour Physics (HFPh) is QCD Physics.

@ Heavy Flavour Physics is EWK Physics.

< Heavy Flavour is a puzzle for BSM and,

@ Heavy flavour objects are probes for new Physics.

< Heavy b and c- quarks have a measurable lifetime:
@ b- & c-quark hadronize and couple with other quarks.
¥ HF produced in e+e-, ep, pp, heavy ion collisions.

< Thanks to HFPh and experimentalists prowess:
hadron colliders, called once upon the time “discovery
machines”, became high precision machines

(thus : charrming , beautlful and at the top Physics | isn't 77)



& QCD:
» HF production processes, bound states & lifetimes, decays
& BR’s are well predicted by Theory.
» Study of heavy-light quarks bound states at all facilities
provides accurate test of QCD predictions or new inputs to it.
»> HF are probes to investigate QGP
¥ EWK:
» Study of Bs or D mixing and CP violation are tests of the
fundamental properties of the EWK interactions
& BSM:
> CP violation in B, and DP systems ( very sensitive to BSM)
»> Rare B (D) decays (very sensitive to BSM)
» HF processes are physics backgrounds for NP
or HF objects are key objects in NP signatures
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Heavy Flavour Physics : some basics

Quark spectrum:
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Quark transitions described by CKM Matrix
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B decays determine 5 CKM matrix elements
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Unitarity of CKM matrix:  V  V* ,4*VegVieptVigViip=0

CKM matrix elements not predicted by SM => to be measure d
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b a””"ﬂ?t'o g, lep B decay processes in SM
B .......... ‘ ‘ ‘
Similar scenarios for D decays
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NEW PHYSICS : virtual particles (i.e.in loop processes ) leading to
observable deviations from SM expectations in B Physics and CPV
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Bs — Bs oscillations: “Box’’ diagram
BY — ©K? decay: "Penguin diagram" g
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Bs oscillations at LEP/SLC
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amplitu SENSILIY y
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il % 1 b 95%CL. Expected limit: 19. 4ps 1
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i VN 1 (VAN Wl V1 2fw sl seamplitude values
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: Gpow | found in frequency range
af ' W 16-20 pst —— . il
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Update on b-fragmentation

AFB,, b-quark fragmentation etc...

Forward/Backward Asymmetry @ Z pole

, 2.50 discrepancy wrt SM (0.1038)
|
4' .1,:;; o "&- Measurement Fit  |o™-0M/c™e=
A 2 '8 ‘ 1
g c ——
M o e
- & e [ - m,[GeV] 91.1875+0.0021 91.1875
\pﬂ’ b/,g;’r N I,[GeV] 24952400023  2.4960
< T = it 0
/__/ 20 b\i\ e — ol [nb] 415400087 41478
A S I I R, | 20.767+0.025  20.742
S, L A 0.01714 +0.00095 0.01636
W —=2 B < A(P) 0.1465+0.0032  0.1477
s R, 0.21638 +0.00066 0.21579
R 0.1720£0.0030  0.1723
Still ongoing work (DELPHI) | A%® [— 0.0997+£0.0016  0.1036
Ae 0.0706 +0.0035  0.0740
A, 0.925+0.020  0.935
I,%, Latest from ALEPH: - “ ; b . AC 0.670£0.026 0.668
S on 1 : A(SLD)  0.1513+0.0021 0.1477
o (CUEES-SETNam Her Q/sEn u L | sinef'Q,) 0232400012 02314
¢ b-quark production in : e my [GeV]  80.426+0.034  80.385
~ 2 photon interactions: - T g ly(GeV] 213940069 2,093
- m, [GeV] 1743 +5.1 174.3
3 o(e+e-—e+e-bbX)=5.4 £ 0.8(stat) * 0.8(syst) pb sin0,(WN) 02277 £0.0016  0.2229
; Agrees with NLO QCD but barely consistent
° with L3: 12.8 + 1.7(stat) + 2.3 (syst) pb New Physics ? 0o 1 2 3
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9to 12 GeV and
peak Ium|n05|ty 1.2x10 B¥cm2st
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Vlery interesting new results on hadronic apey(semi) lepfo nic decays of
D mesons. Much more data stillto C b




PDG04 M CLEO-c 281 pb™' Preliminary o700

Hadronic D decays

‘ => |ow multiplicity, clean
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5.57 £ 0.30 = 0.19
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(Semi)-Leptonic decays

; Examples: . .
Leptonic: : Semileptonic:
Similar for Dy, B, By, ... "
H € momentum
C —— " : transfer
v Dl | Vg g ) or m(W*)
Challenge:  ——

understand QCD FDrn:| }agt;;,_- f, "'(qz)

constant e "
¢ portion in a "simple
D weak process
3 .
DLED LR D ® 2413 ®208+4 %+ 0000 » Using V cd & VCS , fD & st can
om0l o [0 be determined from D, —€'v
LU e ro . . 8
A£0ps o (tew) . T calibrate/validate LQCD
o mCLE ;u:l — o pmas,'zls_l.aﬂ (2008) N _
275+ 10+5 22341743 1.24 + 0.09 + 0.02 % ImtpaCttl:]F gl;ﬁlcst .
D constrain the maitrix:
Auhbin, PAL 95, 127003 {1005) e e —e—
Quenched L.(QCDSF) | |, e il “*New physics: relative decay
Quenched L. (Taiwan) o HOH HeH rate to different lepton flavours
A 6o oot po] e He- o very well predicted => any
Beche o o a1 o . o » deviations imply new physics
QCD Sum Rules —— -
" eD Surm Rules - = D.—v,v: two nice new
; —a— - HH
S Quar Model measurements of f,,
Ehare, PLB 638 53 F3008) . " . L, . . ! 59% CLEO. 8% BaBar)
200 250 300 200 300 1 1.2 1.4 ( 0 '
fo, (MeV) f (MeV) fo.” fo D—pv: fairly precise

measurement of f, (8%)



_, Last run, ended July 2 2007:
e [€SUltS from HlandZEUS

Delivered luminosity: 1
E, =920 GeV 500 ph-t/expt OZﬂZ(_HERAdI)
3
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r 1 :Wh){ to stl!ic_l)_/'_ Heavy Quark &w-tiilon?

| L I 'E % Test of pegturbative QCDH@Ue to the hard
, ' 2%, scale given by the heawy quark'mass.
I m ¥ ‘Better under y of proton structure — -
' i, LW o




k Production of charm mesons 48

| oY
h ZEUS
E | LR ! """'|_ LR | LR | R
£ photoproduction . 1
3 tP—D X Ratio D to D* production rate, R 4,
0 -|D3 | X _f_i _ - i i u/d
g [ ° $ {L---ﬂ---ﬁ.w__ L=80pb-1 73 strangeness suppression factor in
z e ] charm fragmentation, y., and fraction
& - J S
© o2 u of D* produced in a vector state, P ¢
107 F ® ZEUSBPC ™ E
i O ZEUS DIS 98-00 $\ : 16
[] ZEUS Photoproduction 06-97 S Tr ]
\T\a 1.4:— .Rwd E
el il e oL + APS
107 107 107 1 10 10° 10° f + i ®. -
o(yp- D*X)=f(Q?) o (V) ]
0.8 ]
: A
5 y 0.6 A A A ]
0'6;_ Y ? ¥ YicoDY) 04 + .
05 Y f(e— D) ] ol ® © o ¢ B
: Mfc—D"); “t (a) 1
0.4:_ Af(c—>D) ; 0.0 _ 5 ]
0.32— * *f(c_m;)—i g § % o §§
02| & 4 E 5 ON T N7
otF & i ‘{‘ s © Fractions of ¢ quarks hadronisingas D *,D%°&D.*
. ® | charm ground-state mesons, as D* mesons &  A_ baryons
e &8 (competitive result with e+e-)
HoON T
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Arbitrary units
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charm -fragmentation function

e "
. S T e e o D — Krx AM = M(Knn) -M(Kxn)
af * ZEUS(prel 120 pb™ 1 z=(E4P) J2E,, 2] ' _
- + Hifprel) s 2=(E4P)p/T ((B4F) 7 g 2000 I_]ij!-;L-S-:P-:'tldlﬁ:p:u =
ZsE " ARGUS is=108 Gev,isp[,.:im-mn.y- 3 = [ Weang-charge Rackaromd
; " OLED v's;gu;_; ge\\;{’zjf.?ém / Golden mode: can be double@ _. N(D*) = 5895 + 148
3:- BELLE :v/s=108 GeV, 2=P/P__ - tagged by the S|OW pion and ..E =
25k | 1 the D°in the final state. —>§ 1000
C i1 ] (]
2 ‘ J L} ' %i "# . Charm / 500
F } 1 [ : |
o ]l 1} } . Spectroscropy YT 015 016
_ It :
r 1 1 B A M [GEV]
[ i ] 2
. i at HERA B* s KR e
05 1
E I J,| E Elﬂm LI L I L L B
oL AN T \ |4 NP P B ! = 900 ep—e+]F+X — Canss™ + pl
0 0.2 0. 0.6 0g - ) ey o = i
L =(E+p,)0" | (E+p,)ie P :z: :I. ;::.: iliu + 83 " ZEUS prel) 135
B H1 preliminary % 00 i T HERATI
C B HERA Il 04-06 z
| * Kty Kxr s 400
3000 I ot wrong chaege Kx © a0
i 200
_ 100
2000 — pia v b b b v b v by
= %7 175 18 18 19 19 2 205 21
- M{Knx) (GeV)
1000 [ o000 b s s INew preliminary result: @
= [ WS | o (eFp — DX ) = =
= VIS _
' 1 PR P I T T T
0.14 0.15 0.16 017 | 4 ~
M{Kxx) - M{Kx) [GeV] 423 1+ 009 |:Et3t:| + 037 |:5-'_||-"Et:| nb




do/dA®HH for di-pu events from

bbbar decays; each p originates

from a different bg)bar) quark
ZEUS

k

—_—

Various
differential
Cross -

%h- L " U
g o5 | ® ZEUS (prel.) 96-00 ]
-g_ — (PYTHIA+RAPGAP)x 195 |
S 20 NLO QCD (FMNR*PYTHIA) ]
% [ ]
0 15 | ®
°
10 |
I,
ik
0 0 0.5 25 3
A™ (rad)
N ZEUS
25 * ZEUS (prel.) 2005 (124 pb™)

e ZEUS 96-00 (110 pb™})
NLO QCD ® had

dc(ep—)e’bf)X—)e’ jiuX)/dp} (pb/GeV)
5

10

N |

Py (GeV)

do/dx = f(Pt(u) with p from
semi-leptonic b decay

sections
of b-quark

General good

Agreement with NLO

QCD predictions/’§

& between H1 & ZEUS

do= f(Pt(e-), n(e-), xv,Et( jetrel to e-)

(pb/GeV)

do/dp®

L 1 L 1 L 1 L
1 2 3 4 5 ® 7 8

o
B0 3
& E ® ZEUS iprd ) 120 pb’
o 140F =
= E —— P¥THIAx 1.75
T 1z20p B
_8 E FIIMR
100 <
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a0 =
BOf % 3
anf i
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C L L L 1 L
§5 9 05 1 us 1 1s

(-]
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3 z
L ~ 1 E
-] i
o e ]
& e 3 _
S e 3 _, =
w 2l i i
o o
B i ]
3 t —+—
1k | ST T
1 i 1 10 1 o
10 15 20 . 25 an ] 0.5 ) 1
E™ (GaW X
us [
&= HERA D)
e Pt Pt
g 10° * 8 dc/dp.',’.(ep—>ebX) ‘
.g_ i Q%1GeV?, 0.2<y<0.8, < 2
"102 == NLO QCD (FMNR) ]
o £ BN —— ktfact. (LZ J2003 set 1) 3
° H199-00 bjet oy ]
3 H199-00 byt jet
ZEUS 96-00 b1 jet
ZEUS (prel) 05 b jet
ZEUS 96-97 b—e

1 E H197-00 b—D"u

ZEUS 96-00 b—D*u.

rr+ BO00C D> 0 « ¢

-1
1

ZEUS (prel) 96-00 bb—pup
JZEUB (preh 96-0pb—ejet | 00

10
0 5 10

15 20 25 30

do for b-quark production

<p2> (GeV)

as a function of the b-quark Pt
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;PHOBOS

RHIC:
Relatisvitic

w T3 _.-" — W
olarr'ze__d _' ” Vs = 200 GeV

BRAHMS

—ZQOGeV
AU \/ N =200 GeV

« AutAU, AISNN = 19.6, 62.4,
130, 209:GeV




b4 leading particle

Heavy quarks as a probe

(courtesy of Jaroslav Bielcik)

* Studying energy loss of heavy quarks —
iIndependent way to extract properties of the medium

parton !ﬁ - !:

hot and dense medium

* Due to their large mass heavy quarks are primarily ENERGY LOSS
produced by gluon fusion
— production rates calculable by pQCD 03 -
- sensitive to initial gluon distribution dead cone J
charm

 Heavy quarks lose less energy due to suppression g 92 /\
of small angle gluon radiation (dead-cone effect) B
Dokshitzer and Kharzeev, PLB 519, 199 (2001) o
Amount of collisional and radiative energy losses |

.. 1e=0.35GeV
seems to be similar : g
M.G. Mustafa, PRC72, 014905 5 10 15 0 o5

E[GeV]
M.Djordjevic PRL 94 (2004)
= Important to distinguish b vs c: very challenging experimentally



- HF measurements at STAR

I | [ L L l LI | L | [

> 107 =
o ettt * Do in Au+Au [xm*g
> . % D%in d+Au [x2x10%]
3 5l -D'4e* - fit ® & in Au+Au minbias N
= 107 == "D%4e fit B &inAutAucentral 12% 5]
‘;\ — Power-Law A 1#in Au+Au minbias —
'U'_ Do A 1 in Au+Au central 12% [>5] ]
o _g- e O  eind+Au
. . [ _ O etinp+p -
 Hadronic decay channels: D° - Kn g

N e

Systematic Error

ev

— Direct clean probe (signal in inv.mass dist)

< -
- Difficulty: large combinatoric background § 2 E
: : : Q z «—F
« Semi-leptonic channels (incl. modes) N - i
c/b - * +anything (B.R.: ~10%) {=eor W
— Single (non-photonic) electrons sensitive to ¢ & b R T
- Malssl alnd slc?hIa unlcelrtallmtles o 10-7i g ]
n:‘t1.2:—. J] g=14 GeV?/fm - - STAR Preliminary | | '"l_
S e _AuAu: Strong o 1 2 3 4 5
i ‘ eauty - ) (GeV/c)
a I 1S &~ suppression I
1\l 1 Difficultv t 0..=140+0.11 +0.39 mb
ji: —t... 2 S ITiculty to In 0-12% most central Au+Au
ot S A + T | describeiit _
. —— | H’%T --------------- N h ticall — Both > NLO calculations
F o ] eoretica _
g..-fr“ﬁ.é...ﬂ..é...l.- Y | = STAR ~x2 higher than PHENIX




Y(1s+2s+3s) and J/W at RHIC

e Large dataset sampled in Run VI ~ BRee x do/dy = 91 + 28(stat.) = 22(sys.) pb

« Measure Y{(1s+2s+3s) do/dy at y=0 Consistent with NLO pQCD calculations & world

>25F data trend
QL - T |||11|| T |1|11r|l
= [
2 STAR L
i '
< F
3 PHENIX: J/W
C _ 2
10 + 810 Au Au Vs pp:
C 5 -
i ,L +,H’ = disappearance
0 1 =
: I + o107 of JW (?)
-5F I .
; . L # STAR p+p 200 GeV (see next talk)
10F % }@ Preliminary .
:IIII|||||||||||||||||||||||||||||||||||||||||IIII 100 — NLOinCEM
5 6 7 8 9 10 11 12 13 14 15 = Bodwin et af. hlip-phf04121518
m,, [GeV/c’] g T o ey
QM 2006’ nUCI_eX/O701075 1' C—R’|\a’98HO.rn:4.?5|_u;'m—:l
10' It =N T | L1
10" 102 108

Js (GeV
=> Next: Au+Au measurement in RHIC Run VII 8#1 Fa[))e are going to be analyzed

More exciting results are aboutto come with the detector upgrades (full
barrel ToF and Heavy Flavour Tracker based on active pixel sensor tech.)



2 HF Physics at pp colliders <)

 The SppbarS proton-antiproton collider with UA1 experim ent = a precursor

50 0

First hadron collider experiment with high precision

(drift ch.) tracking in B-field+ Muons => B Physics

First observation of B oscillations (Phys.LetB, 186, 1989)
——— o(pp—bb +X)=19.3 £7(exp) £ 9(th) pb;

B Phys Let B,256,1991

P
o
T

Events / 100 MeV/c?
n w
o o

10 H 2 TN
<

M (W) (Gevrc?)

 The Run | proton-antiproton at Tevatron with CDF | exper  iment: a pioneer

First fully reconstructed B mesons: for \\, B->J/y K+
CP violation studies (proved to be =
harder ); PRL 68, 1992

I ||
Drift Chamber + B field + FI “L A
FJH"_HP Tﬂfr

L2-track (CTC) +1st pvertex

In pp experiment (1992) 57 53 54 5y GEPEN
Mass {Gevi™)

Mumber/ (D020 Gevic™)

« The Tevatronll, CDFIl and DOI I= a new HF Physics era with hadron colliders
« The LHC with ATLAS, CMS, LHCb & ALICE = Dbreaking the N.P. frontiers ?
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Discoveries, breakthroughs and much more still to come




B The Tevatron is doing quite well!

Collider Run Il Integrated Luminosity

50.00 3500.00

4500
P | JfT 300000
g 40.00 "a
= ‘ 4 250000 e
g a0 | HH z
c | (=]
= 30,00 £
§ 200000 E
- 2500 |
& ¥ | 150000 &
5 2000 1 ' ®
[T o
£ | ;
> 1500 f H-Lg 100000 £
s | 5
@ 1000 _ '-| : &
s ol s ] 500,00

5 DD | '.I |

i
0.00 : 0.00
5 20 35 50 B5 80 95 110 125 140 155 170 185 200 215 230 245 260 275 290 305 320

Week #
(Week 1 starts 03/05/01)

[- Weekly Integrated Luminasity —e— Run Integrated Luminosityl

More than 3.2 b1 delivered/experiment, more than 2.7 fb™! recorded/experiment,
about 40pb1 delivered per week, max peak luminosity: 2.85x1032 cm2s1



Heavy Flavour Physics at the Tevatron
(true for any hadron collider)
The Good

_ bb production x-section O(10°) larger than [sue =5
P sl

"N\ e*e at Y(4S) /Z°. Incoherent strong production & ===,
of all b-hadrons: B*, B° B, B, A,, =, --. —AWe

,,,,,

The Bad

+f8 '\ | Total inelastic x-section x103 larger than
fewd 0(bb). BRs’ for interesting processes O(10)

...and The Ugly

l?-f

g




| - - |
‘Muon Scinfifators | v s | — -

| Muon Chambers | L 7 | = | - — |
e 1 . Solenokd ! :_// | | I

| | P 3 - = -I - —1 -

Shiglding {%{_ ’ = I Sdicon Traltkegfr_-_-"— )
_ == | . == |
Calorimeter N L I i ol | I
. N I # — 1 - h
H “ Toroid ‘ t * I
) emmmnmnnnm— N I - . I
| v I -
e BB e A o |
VN |
— — '——4— | I
M
Ef' §§“-ﬂ ‘ ;aj @ i{f > Excellent coverage of the Muon and tracking  n <2
M* S L) im}x)‘ J 7' > Excellent calorimetry & electron ID
b —1“':',‘_, e \7:.." - ) o - .
T2m T Pl .!--vly » High efficiency muon trigger with Pt measurement
L i
f

at Level 1 (toroid)
» 2T solenoid & 1.8 T toroidal reversed weekly
(OK for p asymmetry systematics)

Summer 2006 === Trigger | CDF DO

2 Tracks | Pt> 2GeV/c
Pt1+Pt2>5.5GeV/c | No
100pm<Id12I<imm

e

1-muon No

N\

Pt(u)>3, 4.5GeV/c |
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2-muon | Pt(u’'s)>1.5GeV/c Pt(u’s)>2.0 GeV/c
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rng Partlcle D)
F|ndS Pt>1 SGeV g 8000iL(:22GeVIc;x§VTs25 H =
tracks in 1.9us 5 7000;"“=55“"“ .o ToE
For every bunch £ oof .
Crossing = soof SVT ..
G1/P)=1.7%/GeV = N
35um D 33um 0027 §1o: v E;m:mlatea r:?iili'?d v Combined
2000 § r * TOF
resol O beam ok T : e
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Luminosity increase

| SVT processing time vs Instantaneous Luminosity
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Old SvT
AMSRW installed
TF++ installed

128k patterns installed
HB++ installed
512k patterns installed

P TR AR AT A

upgrade

Upgrade =>
- good data @ High L
- more data @ Low L

W

L2-SVT: faster devices
& new AM 32K — 512K

=
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Track Triggers and B Physics

Di-Muon (J/ )
® Pt(n) > 1.5 GeV

J/P modes down to low
Pt(J/P) (~ 0 GeV)

P(2S), X(3872)- J/ymt
(quarkonia)

B ~ T/ Byy T/ KO,
N, -J/W/\ (masses, life-

times, mix. calibration)
Bs 4 — MU (rare decays)

Y - pp
Bc (part.rec.B- J/y IX)

2 displaced trk
* p.(trk) > 2 GeV

* 2 pL(trk) > 5.5 GeV
¢ 120 < d,< 1000pm

Displaced trk +
lepton (e, W)
*p.() > 4. GeV
#p;(track) > 2.0 GeV
+120 < d,< 1000pm

Fully hadronic modes
- CP asymmetry in

Semileptonic modes

2-body charmless

High statistics lifetime
decays

Sample for tagging
studies, mixing Secondary - Bsmixing
Vertex - Charm physics
Decay Length B Py
L"Y. PT(B) > 5 GeV

Primary
Vertex .'u, L 2 450pm

0



Understanding b cross sections

better experimental inputs to calculations (a community effort)

° PDFS’ Frag_ Funct.’ GS “:"L T T T -
- | ~ FONLL
* better calculation: FONLL L P
* MOre accurate measurements - ., o K" (1.96 TeV)
I 0N, o D" (1.96 TeV)
w N
§ 2 “ \\n.
~ 107 o,
5 AN
2 10 S
Everything scaled to h“x

B" and y less than 1

CDF Il measurement error down to 10%. In agreement with theory



W/Z+HF not yet fully studied, now starting to charac

b/c-Jets production at Tevatron

terize at Tevatron .

Z+b-jet ARt RN ey, WECJRL | WSevmode | o
£ 12 « CDFdata - 028 >
w “m:_ [Jlightjets 1 - D@ Preliminary, 1 fi5' Vs By
= Clejets E - JES sys
% - b jets ol WES + PTres) sys i
T F E=196TeV ] g - Il ot sys
L~15f8" - Tlmpi1si Theany” VWHe [rasaless)
=20 Gel 2 i
E"'Tﬂ.ﬁ k %.é : AlpgenPyihi
H UI1 ==
— [ -
“: : D.E'E‘ -_ - _ﬁ\
63 * K] i ﬁ & '.'3 i :l!g H -
M, (GeVic) e =
0 -I 1 il 3 T\\
CDF measures: 0.90+0.32 pb for W-+bb 2 s

(E;()>20 GeV, |n|<2.0)
LO calculation (ALPGEN): 0.74+0.18 pb

| CDF Run Il Preliminary L=584 pb'1

* b-jet energy scale and Z->bb b oo B e
* New generation NN Jet Flavor Tagger = § e=x- Sl -
being developed at CDF and being tested - f
in Z+b, Z+c measurement o N(Z.fbbsﬂ%mow

Lot of work in progress at CDF & DO iy J P
Important for many Physics issues % a a0 a5 o 106 12 10 160 180 300

M, (GeVic?)
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Not just about updating a number in the PDG!
& Width (i.e. lifetime) related to dynamics governing the decay. Decaying
guarks bound into hadrons. Lifetime probes interplay between weak
(decay) and strong (bounding) forces.

& Tests QCD in non-perturbative regime i.e. validity of effective models
for heavy-flavour quantities.

& Situation far from being resolved. A° lifetimes always showed puzzling
behaviour in theory-experiment comparison (CDF).

& Lifetime tools necessary for width-difference measurement.



Orbitally Excited B%** & B%** Mesons:

b > b B+(") Why study the spectroscopy of
BO** 0 .—- heavy-light systems?

(BOs*) g WS \, - Like H-atoms: bound by strong interaction
< \ I
d (s) / d(s) \(K')/,' - M(B**s)~ hyperfine H structure but for QCD

— - B**'s probe the potential in a new regime
Basic analysis idea: add a “soft” 1r

CDF Run 2 Preliminary 1.0 fb™
S 2000 31000+ 300B" §
= |

CDF Run 2 Preliminary 1.0 fo™

[ 27200+ 200 B" 4

o
L
2 0ol 2
1800}
w o | =
N 1600[- &
+ d = N -~
B* decays g 1400] .
: a
@ 1200} @ I
© 5 =
T 1000f g Q
2 5 ([ ie]
© 800 c
5 5]
Q I ~~ &) —
600} _E @)
400 ¢ ., . 0 i
520 525 530 535 = O 556525 530 535 =3
2
M(JAy K*) [GeVicd] ol M(D ) [GeV/c?] O
L. -1 m
> F CDF Il Preliminary 1.0fb «Q CDF Il Preliminary, L = 1.1 fb" |
= 160 + Data ® % =h
% r —Qalaflt ) - s1400* — Ay = Agps A_— I 7, Comb. Bkgnd. : .
140— [ Signal region [y b
‘E - [l Bkg region = 1200— ===* A, semileptonic + other (Q
O Iﬁ 120;— Ny A)e532 § 1000 : — B semileptonic + other (Q
e C ayS F 8 ==== A, and B 4-track decays m
: 8 soof T AK -
= < 800F
- T
T 600
[
(4]
400
200
56 5.65 57 5.75 0 E

.. 6.5 7
Mass(J/y A) [GeV] m(A? 1) GeV/c?
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B,” : same transitions as for B
except substitute p—K. Expected:

H-.u-- .
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Candidates per 1.25 MeV/c”
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o U o O
L L L L

ot DR s1sppl T
%131] ' ' 8 o B
=160/ B, +Bn
o140 &k
8420/
8100/
o 80
2 &0l
3 a0,

20/

oz o4

0.6
Q = m(Bx) - m(B) - m_ (GeVic’)

0.8

CDF Run 2 Preliminary 1.0 fo
oF —BK

- *

f_ B S B+K+

g — Signal

B — Background
5[/

1 L 1 | L 1 L L | L L 1 L | 1 L L L

Qoo 0.05 0.10 0.15 0.20

N DO, L=1.3 fb"

® 2500 ﬂ }

g 4

= r

T 2000 ++ ++++ 1

t B / _

3 150 H’Jﬁ# EEM%M

L":' : 1 B. B +

© 100 %# -

L Ly Bz—>B m

2 ij?ﬁ’ B, ~ B

E 50,_ B

= L

"z L
83 02503 035 04 045 0.6 055 0.6 0.65 0.7
11 M(B'm) - M(B") (GeV/c?)
M(By) = 57206 £2.4+1.4 MeV/e?,
M(B3) = 5746.8 £2.4 + 1.7 MeV/e?,
D@ Runll Preliminary, 1 fb™
125

¢ B'K

Number of events

L L ‘ | L
0 0.025

| | ‘ | | 1 | ‘ | | | | ‘ | [ | |
0.075 0.1 0.125 0.15
M(B*K)-M(B*)-M(K') (GeV/c?)

| ‘ |
0.05

MB'K)-M(B')-M(K) [Gevicl] Bs1: ONly at CDF 6.30 significance



B lifetimes: new results

+ 0 .
T(B")/t(B") ratio measurements B, lifetime
ALEPH (D, ) -
L3 (ACCIARRI 98S) ' . ' 1.54+0.14+0.04
1.090+0.070+0.030 ps ALEPH (D6 h) .
1.47+0.14+0.08
CDF (ABE 98Q) D
1.110+0.056 (+0.033-0.030) ps ?gJ%ng_%l()M N
OPAL (ABBIENDI 99J) [ . i T
1.079+0.064+0.041 ps O ) g
ALEP (BARATE 00R) N CDF-RunI (D1
1.085+0.059+0.018 ps o (0" B
BABR (AUBERT 01F) —e—i DELPHI (D_ h) -
1.082+0.026+0.012 ps 1.53+0.15+0007
CDF (ACOSTA 02C) —_— DELPHI (D_ 1) — B
1.093+0.066+0.028 ps 1.4210.14+0.03
. DO (D 1) -
DLPH (ABDALL. 04E) —a—i N
1.060+0.021+0.024 ps ;39(;;2%3;14_0.027
BELL (ABE 05B) e 1.437+0.031 N
1.066+0.008+0.008 ps CDF-Runl (J/y)
DO (ABAZOV 05D) ——i 1.34+0.21+0.05
1.080+0.016+0.014 ps ?4@42%13)94+0 020
CDF Run II Prelim. —e— T
1.051+0.023+0.004 ps f?&%‘gg?wo 000 B
World Average 1.071+0.009 ps T
| . L . |
0.76 0.88 1 1.12 1.24 1 1.5 2
7(B")/1(B%) By (ps)
+\ —
1(B*)= 1630+ 0.016+ 0.011ps 0
. T(B.)=1.494+ 0.054+ 0.009ps
T(B")=1551+ 0.019+ 0.011ps
+ 0\ —
1(B*)/1(B°) = 1.051+ 0.023 0.004




DS Heavy Flavoured baryon: Ab

Semi Leptonic decay:
N, — B VAT X

Hadronic decay:
A%, — JW(—pu) A(—pm)

NN L -1 o~
(&) =1. = r
> DoL=1.31 =200 D@, L=1.2 fb" * Data
= 14000 ; F A JYA B Signal
= C g150}+ — Total
“» 13000 g R
c L B 4nnk
g g‘
W 12000 o
2_1| — |2|2| — '2|3| — |2|4| — L
. " . ; 2 O—gz 54t 55 "tz 5"
M(Ks p) (GeVic") Invariant Mass (GeV/c?)
4437 +£329 signal candidates 171 events
. g10°E
E 10° DZ L=1.3 fb" g - ® Data DO, L=1.2 fb"
8 ?;1035— B signal Ay dy A
% N g [ — Total
c 2 © E
- 3
i Ef FH- sy ©
o S
2 o S N S |
>
o 10E
AL [
s
C L | s L
0 01 02 03
0 0.1 0.2 XM (cn?)s Proper decay length (cm)

N°, Lifetime (ps):
1-2%0'119-0.110(5'[3) 0097 5 001(SYS)

N9 Lifetime (ps):

)

B0 — J/lIJ(pp) KO, (TrTT)

o [
3% pg, L=1.2 fb" * Data
= .
3 [B-uyK M Signal
?g_eoo__ — Total
g0
3400
2007
c
S [T
200 e
L

ﬁ.9 5 51 52 53 54 55 56 5.7
Invariant Mass (GeV/c?)

g10°E

= [ ° Data D@, L=1.2 fb"
sq0° M Signal B%- Jiy K°
& [ — Total

8

3

©

S

o

-0.1 0 0.1 0.2 0.3 0.4
Proper decay length (cm)

B 0 lifetime (ps):

1501 +0'078_0_074 (St) iOOSO(Sy)

A’mong most precise semi-lept.

T(A%)/T(B?) = 0.811 *0:0% | .-(sta)£0.042(sys)
COMBINED RESULT: 7(A%) = 1.251+0.102-0.096 ps =>Agreement with world average



Heavy Flavoured baryon: A, lifetime

/Fully reconstructed channel with best uncertainty
.. -1 . .
> 0 SDF Il Prefiminary 1.0tb Ab Lifetime Measurements [ CDF Il Preliminary, L = 1.1 b"
g 1601 /\ h— 'J/LIJ /\? ;B:I:fit . T,/ %" poa 0‘5 0|6 0|7 OIS 0|9 = 7 = 1|1 : .1|2 N%“m; — A A A, —L,7, Comb. Bgnd.
£ 140_ nggn?;;ﬁ]g;on ALEPH A, | 118 +§11;i 0.03 31200:, -+++ A, semileptonic + other
g 120/— (91-85) a o — B semileptonic + other
w E N{J/y A)=532 g‘ 000 H -=== Ap and B 4-track decays
% ALEPH A° I'T F—e—— 130 7274004 |8 soof MoK
80| + (91-95) % ok
B S s00f
" +0.24 Q o
: gzﬁLAcl b—e—— 129 02+006 |8, /\Ob _’Ac"
2 DELPHIA,|  }—e—1 111 024005 [ F o
L L -85 o5 55 6 65 . 7
s 5.55 56 5.65 5.7 .75 e / m(A; ) GeV/c
Mass(J/y A) [GeV] IRt e 1.32+ 0.15+ 0.06 A 7
nother decay channel
532 events (notused for %) | | 12291 008 y
A0 Jhw A0 N A | PR . ST under study:2.8K evts
b v CDF Il Preliminary 1.0 fb
5 Data CDF Prelim J/y A° ——159x008+003 | New results soon, and:
o . )
{1 KN 0 cPEe ..
> Signal DO Prelim. A, | H—c—H 1.28 *12+0.09 /\Ob_) /\C+K &. /\C+3'IT
13" (02-06)
£ 107 - BKg :
[= DO Prelim. J/Iy A° —e—1 1.298+ 0.137£0.050
L —_ Signa|+Bkg 1.2 fb(02-06)
e 1.230+0.074
+ CT=4776t242Hm JIIJlllJIlLII{lF)I[)Jq?QQQIJl|III|III|lIJI Il
104 04 06 08 1 12 14 16 1.8 2 2.2

A, lifetime [ps]

1.5937 05 (stat.)+ 0.033(syst.) = 1(A%,)

LI N 11,018 +0.062 (stat)+0.007 (syst)= T(A°,)/T(B)
Proper Decay Length (um) (QCDOSSiOOS)

Most precise result. But ~3 o wrt world average, QCD expectations & DO



New Heavy Flavoured baryons

Baryons with Up, Down, Strange and Bottom Quarks and Highest Spin (J = 3;)
Theory predictions:

M(Z,)=5805.7£8.1MeV
M(E,)=5824.249. MeV
M(Q.)=6068.7+11.1 MeV
M(A,)< M(E,) < M(2y)

Qm Three Bottom Quarks
not yet discovered

Two Bottom Quarks
not yet discovered

One Bottom Quark

Discovered .
One year ago: none

yet discovered

. b
Discovered

No Bottom Quark
ﬂ'— all discovered

Known from LEP (ALEPH +DELPHI):
=, lifetime = 1.42 *028_ _ ps




— 6.2 37
2, Baryons discovery = %.-
6.0
State knowledge on Heavy b-hadrons last year: B seen by % b \ e
UA1(1987); A\, seen by LEP & CDF | é | Swave L\
Tevatron II: large cross-section and samples of N\, baryons. il
First heavy baryon to look for __ °'[ P-wave
~ “5'61 N 112"
5 5'5; A-:;N*z-t e
2, Reconstruction ‘ RE L SR
CDF Il Preliminary, L = 1.1 fb”
Strateqy: - =
] ) S 1400 - — Ay Ay pyA, - E, T, Comb. Bkgnd.
Establish a large sample of decays with §1m:_ - A, semileptonic + other
. . . E r = B semileptonic + other
an optimized selection and search for: g1 -+ A, and B 4-track decays
g — A, ALK
2y - NpTe 3
/ 8

8 6.5 7
m(A} ) GeV/c?

Estimate backgrounds

- Random Hadronization tracks

- Combinatoric
- Other B hadrons
Extract signal in combined fit of O distribution |—>




CDF Il Preliminary, L = 1.1 fb'1 Fit Prob. = 76%

: Zb Observation o f _ Total Fit
- % 501~ — Background
- 2
b Observed for all 4 expected = b — 5, oA
? or — Z;;'—>Agn'
states with 50 significance level g .k
2 “F I +
> Y|e|dS ?U' 20:_ T T
1148 18.4 = f + T H+ H’ +
N(Xy) = 60755 (stat) ~40 (syst) % 1o~ +
N(7) = 207124 (stat) 39 (syst) SN\
N(X;7) = 7443 (stat) 7550 (syst) Total Fit
N(EZJr) = 74f%§ (stat) t‘%O?S (S}/‘St) ZB){agkjg\gi:md
Z’E"—)Abﬂn*

> Masses (MeV/c 2):

m(Z+,)= 5807.8+20,, +1.7
m(Z-,)= 5815.2+1.0+1.7
m(z*+b) 5829 O +1.6+1.7 1818
m(Z*,)= 58364+20+18 7 R Y- S T/ R X T-S—

Q =m(Adr) - m(Ay) - m, (GeV/c?)

> Mass differences:

m(X; ) - m(A) - m, = 55.971 (stat) £0.1 (syst) Me\"*/r:2
m(X) - m(AY) - m, = 48.47% ) ) (stat) £0.1 (syst) MeV /c?
() - m(3s) = 21,3723 (qta.t) 03 (syst) MeV/c?




w Eb discovery : cascade b ( "Triple scoop ")

= L JIWE Y - TS o AT A - P

o 12f ]
i S 12 DO, 1.3 fb"
I 8 10;
ZDDDD; 0 8:— * Data
: S sl — Fit
I B -
10000 - 4? +
I c
I ~ (]
2 2oy MRt ey
26 27 28 29 3 31 32 N?(fm')%twcz ‘\1\ -
0 12
S °f D@, 1.3 fb™
b
1506_ + m 10*
R Clear excess of events
sofe, o0 5 @mass = 5780 MeV
! ! -Nb events: 15.2 + 4.4
il -Significance: 5.5 o
Simple selection cuts, on:
. -Mas:s. of the Peak.

- Particles Pt

(hepex/0706.1690,
submitted PRL)

M (Z,) =5774+11(stat)x 15(syst) MeV/c’

_ L|fet|me Significance Run 179200, Event 55278820, M(Z,) = 5.788 GeV




§ —p Baryons discovery : "CDF back to back"
o =» Analysis makes use of 15 M J/W triggered sample in 1.9 fb!

» Searchfor=",-J/¥Y ="} JWp+p and = - A with Aspmr
» Straightforward: in J/W® search for (p - combination) near A mass; search for

remaining tracks ATtr-combination near =- and select clean sample J/ W =

N.B. Fairly complicated pair of displaced vertices
=- leaves a long time (c ™=4.9cm); Alives c =7.9cm
The analysis coalesces the measured tracks into a

new object, =-track, so =-treated as any other track -

Selection guided by B *- J/WK*appliedto J/ W =

g /

| COF Fun 1i Prefiminary | L~1.9f"

o4 T T T ou OO
- T T £
"o 2000| - ~— data = - > JJ"
v F =
- [ ] total f / : e / ¥ | L
e Bl s ; B o6l 8 ou00]- ;'I LHI
% o B comb. background % 1 5 2 ol i 1
2 [ g = | e
e - ] 0 2 =@ Mll’,iz ) TR T
T 2
skl A L0 , _ e
2 525 530 535 540 545 550 B B BA B0 B2 64 e Sample contains 23 9K =
M{Jipk*) [Gavic] M{JApET) [Gevic’]




w Eb Baryon: DO &CDF results comparison

n
o

“g 12|~ Signif. DO, 1.3 fb" ‘% : CDF 1.9fb"1
& 0 55g 15.2+4.4 evts o . 17.5+4.5 events
o 8f * Data 5 |
3 ol — Fit E Signific. 7.7 o
E al + - '
c ] o
3 2 el 8 -
0~ 6.2 66 70 | 1 II
p— 5.4 &4 EA B g.2 .4

M(E,) (GeV/cY) M(JApE) (GeVic?]

5774+11(statp15(syst) MeV/c 5792.9 2.5 (stat.) £ 1.7 (syst.) MeV/c?
£, Mass
7% Theory | CDF and DO consistent with Theory and
prediction
DbO ) P;L —— each other
submitted to PRD54,4515
CDE % Divorer ot CDF momentum precision sets the current
preliminary standard for B mass measurement
| | | More underway also using 2-track trigger
5.74 5.76 5.78 58 5.82 5.84

m(Z;) [GeV/c?]



iXi iscouery
Bs Mixing: from the dlsc_o_
to the exploration of the BS MIXING sector

B, and DO as special probes for New Physics
& Bs Discovery: The EPS Prize for young researchers, Hurrah!!!
& After the discovery: refining the measurement of oscillation frequency
& The other parameters of the Bs mixing sector
& What else? asymmetries
@ And the D° mixing....and much more to come soon and later



Special Thanks to the XFT + SVT !

Special Thanks to the dE/dX(COT)+ToF !
Thanks to OST and SST algorithms and NN'’s !
Thanks to all the CDF Detector !
Thanks to the Tevatron !

And to all the people that gave their ideas and efforts in t

his enterprise !!




Amplitude

Bs Oscillations: the yet refined result

CDF Run Il L=1.0fo"

2 CDF Run Il Preliminary L=1.0fb"
 sf Am =1777+£0.10(stat. }: 0.07(syst.ps’ R
5E 5 -
b —7
- < @ 1
0.51 f {* I -3
0 v alll a1 ”." el = S |
= Ll T 'dm gl E O
-0.5F " i N I
5 J 58T
1E Sic T
15F D | —e—data
S AMMEIT 78214020 0, |8 [ — cosine with A=1.28
0 5 10 15 20 25 30 35 _IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
. 0 005 0.1 0.15 0.2 0.25 0.3 0.35
Am, [ps1]

Decay Time Modulo 2r/Am, [ps]

Probability that a random fluctuation mimics signal = 8 x 108 = 5.4¢0

Vgl / [Vl = 0.2060 «0.0007 (stat + sy -_HE.EE.{IHt- QCD

Theorists: back to work...
(Current uncertainty of AM_|,, ~14% how long to get to 1-2%7?)



The Bs Mixing sector now:
Weak interaction eigenstates # from those of strong interaction => mixing in

d’ Vud Vaus Vb d quark families

s" =\ Vea Ves Vo S

b’ v;,d Vis V:tb b
Bs meson is special: AM_ =M, -M, =2M,,
Contrary to any other system is has very high Al =T, -T, =2,|cosp,
frequency of transition; M

. . ¢, =arg| ——

Two physical states B, (heavy) and B, (light) >
with distinct masses and lifetimes; T 2 M = M, +M,
This system is described by 5 parameters: Cor+r, 2

The mass eigenstates are expected to be almost pure CP eigenstates

mass eigenstates SM value ®.~0.04 in SM, NP increases ¢

- A — \thus decreasing width-difference

p
Al' =T, — FH ~ ﬁF(‘PSU cos(¢)
=) Present Goal: Measure Al and @



[ and @ measurements from :
r Analysis of time evolution of polarisation amplitudes in Bs—J/yo;
Measurement of Br(Bs—Ds(*)Ds(*));

| Measurement of Afs in Bs decays;

Direct measurementon [cwith Bs - J/Q @
Bs-J/W (- pTu) ®(-KK)

Final state (J/yp@) contains both CP-even and CP-odd amplitudes;

They produce different angular distributions;

The lifetime of two CP eigenstates can be determined from evolution of
these amplitudes with time

Al = 012" + 002ps™ (g, =0)

-010 =

1= ri - 152+ 008 ps

S




B.—D."D_."

This decay mode, which contains mainly CP-even state, provides an estimate of
Al .CP (width difference between CP-even and CP-odd states):

oy AT
2[Br (B, » DYD) ===
r
S
F3: 3 B, -~ DIDY ;D D
o r D@, 1.1 fb < - DD, ;Dy » uo; D, - ¢TI
Toar o ; m B J/yo
n - . - 5
[3 o 4 Constrained | [ A strong mdwept const.ralnt on .the value of
x 0s= 0 Al's is obtained using relation:
0.2
- CP
[ SM onoy ~ OF
o1f 2[Br(B, - D.'D.’)=——
of Br(B3— D0'0L) -
C e (not in constraint) ] .
R B R I I T R ¥ I YN Result consistent with other
Ts (PS) measurements of related quantities

Br(B, - D’D!)=0.039" "(stat) . :(syst)

—0.017 -0.015




« No tagging of the initial B, state;

» Interference of CP-even and CP-odd amplitudes gives a contribution
~sin(q,), provided there is a large width difference between B, and B

F(t)~Ee"™ —e™")sin 05,
(1)~ ) ¢ 8o4f DO, 1110
= E 0
Without initial state tagging, the result :0-35—' B = Jivo
0.2F
IS invariant to the simultaneous flip of| 44E '| N
sign of Al's and even-odd strong 0
-0.1
phase difference = 4-fold ambiguity; 02_ o m
First measurement of ¢s: 03F — SM
- 04 AT = AFSMx|cos(¢s)|
= 017 009+ 003ps 0.5l B L
g (radlans)
=—-0./9% 056+83‘11

Al (SM) = 0.088+ 0.017ps"
Consistent with SM value: @.(SM) = 0.0042+ 0.0014




rge Asymmetries A

(‘\'1

emileptonic Cha

@)

* A®g in B decays depends on AS., is measured from:
the CP violation phase:

N — N(E - |:X)_ N(B - I:X) — Ar an((p) A= N(bB o |.l+|J.+X)—N(bB N u_u_) PVEp—
N(B - | X)+ N(B > | X) Am N(bE 5 |.1+|.1+X)+N(b5 S U sL : sL

= (-9.2+ 44(stat) + 3.2(syst)) x10™°

* Non-zero A, corresponds to
CP violation in mixing;

 The only type of CP violation
not observed yet in B decays; pun = N(B, ~ #'vD,) = N(B, ~ 4VD,) Lps
« Very small in Standard Model: N(B, ~ VD) *N(B, ~ w7D,) 2
Ag (d) =(4.8+1.1)x10; X =Am /T, >>1

As(8)=(2.07£0.57)x10°; A3 = (245+ 193+ 035)x107

— Suppressed by AI'/lAm;
— Suppressed by tan( @;

A, =0.0001+ 0.0090

Combination - best estimate of charge
asymmetry in semileptonic Bs => AFS tang, = 002+ 016 ps'l




DEY Direct CP violationin B * = J/WK*

SM predicts a small DCPV (~1%) in this decay(through b - ccbar s) due to

interference between these 2 amplitudes —_ /b

T(B- = JiuK-)=T(B* = JJWKY) g5
T(B- = JfuK-) + B+ = JJuK+)

.'1.('-I||I:E_ ' .JTI|'I1'|:1|5I:|.II'L’+:| =

U
— 1 -
, . L=L6f | DATA 54,464 Events easy to \|]dent|fy/, u’
Esoof- A | Jyk 27,700+£201 B— / w
: 7uuu§_ -------- Jfk|.l‘J'E 1,073197 - \ K - /,[
e S Jykx 3,759+181
5000~ — ExpBK&1,932+351 ° SR SE% WO NN N SO N B e L
“‘U'I';_ — TOT FIT 0_0255 -—4»—:-“ .......... e e SO RN
mmé_ o.ozi ...................... S L
1000 E_ 0.015 ; *""...I. ..................................
g. I T T e T P e s B 0.01F PI_L ................. ] l ..... I
?1-.9 5 5.1 5.2 53 54 55 56 57 58 r l l
m(JiyK), GeVic® 0.005 ; .......... l ............ SR I
AK estimated independenﬂy: o; . 1_._i ..... s Tt S S
A =0.0139+ 0.0013stat) + 0.0004syst) O e e e

Py, GeVic

A~p(B" — Iy (1S K*) = + 0.0067 + 0.00 /@tat) + 0.002Gsyst) | Best limit




Bs Mixing sector
present conclusions

* Need for theoreticians to improve lattice
calculations to be at the level of experimental
accuracy of AM¢ and work on the NP models

* Need for experimentalists to pursue and

Improve measurements accuracy on Al c and
® .. More to come very soon (CDF) and also

* from both experiments with much more
luminosity



“Bg —» pph
“Bg In all-hadronic decays

# Direct CP Violation (DCPV)
“And a glance on the D° sector




Bs 4 — M- rare decay search : motivation & strategy

In the Standard Model, the FCNC decay of B 4 — p+- is heavily suppressed

b W p,"' b |_|_+

-
-

A

e

t ooy v 1 t A —
-~ ! o
5 W L 5 - K
- W

SM: BR(B - p+pr-)= (3.42+0.54)x10? (Buchalla, Buras)

B, —» WtW- is further suppressed by CKM factor (v4/v,)?

SM = Expect to see 0 events at the Tevatron (CDF + DO), BUT:

Sizeable New Physics enhancement (BR boosted by up to 100x) (ex:SUSY)

L

Strateqgy : Blind optimization using signal Monte Carlo and sideband data
Normalize to known B+ - J/ K+

= NBS aB+ B|t30+ta| fb B* + + =
BR(B, - y'y )= B b= BR(B" - J/¢K")BR(I/¢Y - p" ")
N.. ag L&g" f 5

Reconstruct normalization mode in the same data, applying same criteria
Evaluate expected background, open the box and calculate BR or limit




BB, - u'p- event yield after optimization DES

CDF Il Preliminary (780 pb™) = EMU:EMX ~, 3r

Thanks to the good mass

, e f et = | CDF Preliminary 780 pb-1
resolution CDF can resolve 3 ss_ = Byt z3  cmucMu
B, wufrom By~ S G T 1

CDF (780 pb) P
Bs - MM 5or o S B sideband £3 sideband
observe 1, expect 1.27 £ 0.37 " - . 0= " e i B :
By —
observe 2, expect 245 £ 04Q,,-": . & _
tﬁﬂ..A s " A& '“.'A':'\ 0 TN TR I AV N EERTNNY I BT N
0.9 095 K 48 5 52 54 56 58
Likelihood Ratio (L) Muu | GeV/c?
-1 .y -
D@ (2 fb™)  Run IIa (1250 pb-1) Run ITb (additional silicon layer, 750 pb-1)
B. ~ MU observe 1, expect 0.8 + 0.2 observe 2, expect 1.5 + 0.3
< 2°FDo Run lia Preliminary < 25FDg Run 1Ib Preliminary
= o[ Sideband 1  Signal region Sideband 2 = of Sideband 1  Signal region Sideband 2
= 15F < 1.5F
L) - L E
Z 15 S
= 055 = 0.55]
0O e 4et 57 Ea 5% 55 662 ba 046 48 5 52 64 56 58 6 62 64

o e
Invariant mass (u* 1) [GeV/ie?] Invariant mass (1= 1) [GeV/icT]



Bs 4 — M- latest results

Tevatron expected reach

e NO Signa| found Full Run II: low 10

TEVATRON BR(B§—>u*p‘) Projection s

-8 excluded

CDF B limit (780 pb-1)

- BR(Bs H+-)<8.0(10.)x10- 8@90%(95%)CL
( 8.0 x 108/ 3.42 x 10-%(SM) ~ 30)

DA B limit (2 fb-1)

— BR(BS - p+1-)<7.5(9.3)x108@90%(95%)CL

Tevatron combined (non official)

BR(B —utu)

SM Prediction

7

- BR(Bs - p+u-)<5.8x10-8@(95%)CL

(x 17/SM with Tevatron combined) ool |1

— BR(By — H+-) < 2.3 (3.0) x 108 at 90% (95%) C.L.
(2.3 x10%/1.0 x 101°(SM) ~ 230)

— Compare Babar BR(B; - p+p-) <8.3 x 108 at 90% C.L. (110 fb-1)

Current upper limits probe BR 20 to 200 times highe
than SM prediction

( New results soon from CDF on full statistics)

10

CDF Bd |Im|t (780 pb-l) Integrated Luminosity (fb)



Search for B, 4 ¢ = p+p-h (K+/K*/ @)

Non-resonant decays B — pph via box or penguin diagrams

- new physics may be observable through interference with SM
amplitudes

Already observed (BaBar, Belle):
— Bu — up K
— Bd — pp K*
Missing: Bs — pp @ & prediction: BR(B . - pp@)=1.6x107°

Goal: Re-establish B, 4 signals in Tevatron data and ‘discover’ the unseen By

Experimental method: similar to the Bs — pu analysis

Normalize signal to analogous B - J/y h (J/Y - pyu)

N +,,~ N total
BR(B H H h) — Hh th(/)tL:Jh BR(J /(/I . ,U+,U_)
BR(B - J/gh) N,y £%

Exclude J/y and @’ regions in the (pp) invariant mass spectrum




CDF Run Il Preliminary L~1fb”’  CDF Run Il Preliminary L~1fb"

+ and BO yield e ||
B an B yle CD F E 20+ C :ign:lltezmz t E 8} L zignrlltel';ioz t
= ) — Sideband region = i — Sideband region
E_ I —— Extrapolated fit E_ r —— Extrapolated fit
315 i g
Mode B*> UK+ BODuuK* | 2 w 3 |
S 10 1 8 4l
I\Isig.win. 90 35 }ﬂ{ H ) \ n 1
Nog 453 +5.8 16.5 + 3.6 5¢ I 2 ]wﬁ
Significance 4.5 2.9 o—. L JL 1. U‘H‘HH
5 51 52 53 54 55 56 5.7 5 51 52 53 54 55 5.6 §-7
m(upK*) (Gev/c?) m(upK™) (GeVicY)
BS yleld G 1_%;_ D@ Run I Prefiminary CDF Run Il Preliminary L~11b™
= > 1.6E- Signal region o 5l B o Deta
DQ CDF § }g_ E j —— Signal region
C 1.2t Sideband 1 Sideband 2 ° 4 — Sideband region
wn 1 - : — Extrapolated fit
Obs. | 0 4 11 N %o : |
£ 0.61 F 3
S ook
Exp. | 1.640.6 \| 3. Zoa 1’
- 0'3_......... ,,,,,,,,,, § 2|
b -1 450 46 48 5 52 54 56 58 6 |
P Invariant mass (" 1 ¢) [GeV/cZ] 1l B
2.4 o significance (|| 1

05
B*, BO: Good agreement & similar uncertainty to B-factories

" BR(B* - ppK+) =[0.60 £ 0.15(stat.) £ 0.04(sys.)]x10 -6 CDF, 45 ev.

» BR(B? - puuK*%) =10.82 + 0.31(stat.) + 0.10(sys.)]x10 © CDF, 18 ev.

‘51 52 53 54 55 56 5.7

m(upg) (GeVic’)

* BR(B, - MMO) < 2.4 x10-° @ 90% C.L., CDF, 920 pb-i, Bayesian approach

=[1.16 £ 0.56(stat.) £ 0.42(sys.)]x10 -6
* BR(B, - ppe) <3.3x10° @ 90% C.L. DG, 450 pb-1



Good place to search for

NP in up-type FCNC,

enhanced in SUSY RPV

or little Higgs models

D=t = n'y” D& Preliminary

50

a0f

k]!

20f

Events / 50 MeV/c?

40 165 190 215
m(r 1 1) (GeVich)

2.40

(A)

W
resonant, ¥ d N
Cabbibo e 5 ™ —u
favored . 0 \ -
= — M
3
- i
() N
£ -
5 W
[c — u] -———
penguin o W i
a5

DY pfum

) resonant,
ek Cabbibo
suppressad

] H
(T
W iy
—
W -
[c— u
‘ 3 M oo
ds
Do au'y” DA Preliminary
10 ———T 1T
L 1I‘f-b—1 4
5L n(D")=17 o | n(Bkg)= ]
" - D 20.9+3.4 |
= ]
=
7 5
&
2.5
P I T T I T B

1.40 1,65 1.80 2.15 240
m(r 1w 1) (GeVie?)

BR upper limit obtained w.r.to normalizing channel D™ ® - ™y

BR(D* - mtuty)

<
BR(D;" - ®1") X (® - p+p-)

Using the central values for the normalizing fractions
BR(DY — T p*y’) < 4.7x107° (90%CL) ===t

0.46 (90% CL) FOCUS(03)<8.8x1076

Previous searches:

CLEO(05)<7.4x1076
BaBar(06)<24.4x10 -6
(ete-1r+)




Search for B%B.° - h*h-

- an useful tool for probing CKM
* sensitive to the New Physics contributions in the Penguin diagrams
» sensitive to New Physics effects via anomalies in A-p

. _ -
CDF Run Il Preliminary Lint_1 fb CDF Run Il Monte Carlo

~, 16001 |
E 1400( ~7000 Signal events s00F BB K
S o0k S/B ~ 6.5 at the »sol B = KK
g i peak i =Bg > T
' i B. — Kn
L Expected rare 200 med
£ a0 modes: B . K, [ BIB® - KK
2 B~ T, A% —pTt, pK 150 @G - pK
€ 600[ i OA, = pr
© i i b
o 400 j Combinatprial 100f
C backg. i
200 !‘ 50(
ol by B i b B -
% 51 52 53 54 55 56 57 5.8 oL
51 52 53 54 55 56 57 58

Invariant nn-mass [GeV/c?]

Invariant tr mass[GeV/c?]

Despite excellent mass resolution (~22 MeV/c?), modes overlap an unresolved
peak, and PID resolution is insufficient for event-by-event separation.

Hence, fit signal composition with a Likelihood that combines information from
kinematics (mass and momenta) and particle ID (dE/dXx).



CDF Run 1l Preliminary Lim=1 fb™

&> 3 new rare modes observed
N, (B0 - K 77") =230+ 34(stat.) + 16(syst.) 80
N (A2 - prr)=110+18(stat.)+16(syst.) 60
N, (A) — pK™) =156+ 20(stat.) +11(syst.) 110

|:| B° = K'm
B«

[ 18% —kK
- B%B —n'w

BS s K 4B0 s K
P N
D A s .
|:| Combinatorial backg.

Tk hadl 2

LEAsAsh L= hoAsi s

e
51 52 53 54 55 56 57 58
Invariant tn-mass[GeV/c?]

>Upper limits on annihilation modes B ° - m*m, B - K*K-
f . BR(B, - 71°7) _
f, BR(B® - K*'77)
BR(B® - K'K")
BR(B® - K*77)
BR(B® - K'K™) =(0.39+ 0.16(tat.) + 0.12(syst)) x10° (<0.7x10-8@90%CL)
BR(B, - 77'77)=(0.53 0.31&tat.) + 0.406yst)) x10°  (<1.36x10@90%CL)

1000

800

600

Candidates per 20 MeV/c?

400

200

%

0.007+ 0.004at.) + 0.0056y4.)

=0.020+ 0.008tat.) + 0.0066yst.)

World's best upper limits for B%, — 11T while same resolution of B-Fact.
for BY . K*K". Both modes are annihilation-dominated decays and no
observed yet - hard to predict exactly.



Direct CP Asymmetry

CDF Run Il Preliminary Lim=1 fb™!

 “Is observed direct CP violation in
BO . K*/r due to NP?

R
S
T

Candidates per 0.04
3
L=
i

Check SM prediction of equal : W
violation in B, — K77 eoof EE;;;OE'“ )

Lipkin, Phys. Lett. B621:126 (2005) eoo:
Gronau & Rosner Phys.Rev. D71 074019 (2005)

« Expect large Ap(B, -~ K77) =0.37 2001
» Sign opposite to A.p(B° - K*mr) i 05 03 04 05 08 0.7 08 091
Probability ratio A_ (B} > K'r*)
A = N(B® — K777')-N(B° — K'7r) — 0.086+ 0.023(stat. )+ 0.009(syst.)
" N(B® - K77 )+ N(B° - K*77) T o ’
_N(B, - K'm)-N(B, - K7*) _
A = N(_s - K*ﬂ‘)+ N(BS - K‘ﬂ*) =  +0.39£0.15(stat.)x 0.08(syst.)

First measurement of CP asymmetry in the B, system



End of the journey & back to where we started: the LEP/LHC Tu nnel




@ HF Physics is high precision Physics
< Among most promising way to explore BSM

& Important new HF results (B and D) at RHIC (PHENIX and
STAR with upgraded detectors), HERA final (H1 and ZEUS)
and CLEO-c and much more to come!

& Having proved hadron colliders can perform HF Physics =
Revolution of the last 2 decades (UA1, CDF1), it means:

& Hadron colliders are precision machines and ‘not only’
discovery machines.

& The work achieved at Tevatron & ‘other facilities’ opens an
iIncredibly rich horizon for the LHC .

& HF Physics is technologically challenging (ex: innovation in Si
tracking & related issues)

THIS IS JUST A BEGINNING WE MUST GO ON !






w Polarization of Y(1S)

D@, Run2 Preliminary, 1.3 fb!

""" plue: 2 Gaussian fit
oo | black: 3 Gaussian fit I

L | —e—
~0.4
06 - W
L ——
| | | |

08 L

| | | |
0 2.5 5 7.5 10 12.5 15 17.5 20
Pt of T(1S) [GeV]

e We have presented a measurement of the polarization of the Y(1S)
and Y(2S) as a function of p, from 0 to 20 GeV.
Significant longitudinal polarization that is dependent on p.is
observed for the Y(1S) that is inconsistent with QCD predictions.

 No contradictions to the NRQCD prediction for Y(2S) are observed.



i Further improving the Bs oscillation
frequency measurement
* Cleanest topology

BO D—n_+ CDF Run Il Preliminary L=1.0fb"
> > ! —— data
D, - @7 o aoof — fit
_ — _ _ _ = o0 + -
(D; - KK, ') C 2 e
o 300l BY - D,'n/K
= B! - Dip'
: o b — DX
« Includes partially 2 - ; :
I D'
reconstructed decays ke A Al
L
D;_ﬂ+ ’ Ds_/O+ q comb. bkg.
0 “| |_ |_-| _|__-|-.-|-_[_i -ll i s * | . I
: 52 54 56 58
» Total signal on'-x- mass [GeV/c?]

— 8,800 fully reconstructed decays
— 61,500 semileptonic decays



. DO-DObar Mixing

Mixing occurs when the weak and mass eigenstates
are different

W
Charm mixing is small in the Standard Model, e v
compared to B and K mixing f TP ¥
D0 box diagram involves down-ty pe quarks rate o f{?”s} = f( ﬂ"-’-a'.:'

b quark in loop supprassad by L’::d -[:.r;

Sensitive to long distance QCD

Mixing >> Standard Model contribution would be a
sign for new physics

-
Mixing via a virtual
Experimental npper limits on mixing have excloded certain KE or zz state is an
3 example of a lomng
models :
distanca affect

CDF has a large sample of DO (and D*) that are accepted by the Two
Track Trigoer

Balle and Babar mixing parameters for D0->KPi analysis have almost a 2 sigma difference



€% . Mixing observed in KO, Bd and Bs, but not yet in DO

— mi|
aw ¥

e Charm mixing is slower than B or K mixing

 Use D* - DO p+ to tag the original flavor as DO or anti-
DO

— DO - K- p +, Cabibbo Favored (CF)
— DO - K+ p -, Doubly Cabibbo Suppressed (DCS)

DCS



Z+Db jets new CDF result

Sec. Vix mass fit in events with at least 1 tagged J  et: Systematic table
Z+ b jet. COF RUN Il Preliminary
"‘"'p__ 1m—l LI I rrri II rri I LINLILIL I rrri II rri I LILILIL I rrri II rri I rri |_ q\r-HTclllditiC E\..\.IJ\. [;’
% — « CDF data ] g — _ —
g [ [light jets 2 preey mee ”
wr  J00— . — b energy scale 1.0
_':'T B |:| < ].E-"[E . MC #'** dependence 3.8
E 80— Elh jets — MC E%f dependence Lo
= B i
B E=196TeVW b tag efficiency 4.1
Eﬂ'_— I\/I L~1.5fb" ] single /double ¢, b 4.6
[ # SeCVtX Er":"EU GeV 7] track reconstruction T.T
-ﬂ]’_— m=1.5 — b multiplicity 0.8
C ] Z efficiency 1.5
m__ - =] luminosity 5.8
- 7 background fake lepton 2.4
ﬂ:l 1 I 111 1 II 111 I 1 1 11 I 1111 II 111 I 1 11 1 I 111 1 II 111 I 1 11 1-— IJtl]er ]):LCkgllJllll(‘lh (Il-l
- otal }
M, (GeVic) ot a
CDF Run II Preliminary Data | PYTHIA | MCFM NLO | MCFM NLO
+ue +had
a(Z" + bjet) 0.94 £ 0.15 4+ 0.15 pb 0.84 0.51 0.56
a(Z" + bjet)/o(Z") 0.00369 £+ 0.00057 £ 0.00055 0.0035 0.0021 0.0023
r'.l'[ED + bjet) /o Z9 4+ jet) 0.0235 £ 0.0036 1 0.0045 0.02158 0.0185 0.0177

» Overall precision improved by almost a factor of 2.

» 0(Z+b) is 20 away from MCFM NLO preliminary calculation by Campbell



5
3 10° ?ﬁ%!g E = pata - Syst. uncertainty
2 F = —&— Pythia (CTEQSL) Tune A
ol m, L mmoe
E g + Jimmy
5 F By
E B
°E ——
- ——
- S
10" - : - 1
E JetCIU R 0ne=0.4, |<1.2 |
- E;>35 GeV, E,,>32 GeV
"\s = 1.96 TeV, L~260 pb™* 1
i = | Ll | | | | |

Specific Trigger based on L2 SVT

Inclusive bb di-jets production

(Secondary Vertex Trigger) used.

Sensitive to the different production

mechanisms

— Flavor creation at high A

— Flavor excitation or gluon splitting

at low Ag

CDF Run |l Preliminary

140 160 180 200 220
Leading jet E_r (GeV)

20 60 80 100 120

CDF Run Il Preliminary

2 - * i
L. oool— . —&— 2 SVT-ag jets sample
@ B 4
k] B q
E 800 = Total fit
E 600 i % bb contribution
E non-bb contribution
400 [
200 :—
ok G TN
0 1 2 3 4 5 6 7 8 9 10
Sum of 2 jets sec. vertex inv. mass (GeV/c?)
Purity ~ 85 % : extracted from data
using shape of secondary vertex mass
CDF Run Il Preliminary
T F
_g ~ —=— Data - Syst. uncertainty i
8 | = Pythia(CTEQSL) Tune A =
= T Herwig (CTEQ5L) + Jimmy ';i:"_EH
<
= MC@NLO (CTEQBM) + Jimmy o
'u=10" E —e 5
3 F ——
4 i o
__i_,zs:‘:i:;=é=|_\£
10? “ i
= JetClu R_,,,=0.4, Inj<1.2
— >—|]]§|—<
: — i E;>35 GeV, E ,>32 GeV
5 ys = 1.96 TeV, L~260 pb™
L L L L | L L L | L L L L | L L L L | L L L | L L L L | L

25

o
e
tn

1 15 2 3
A ¢ (rad)



Z+b Jjets new CDF analysis

Z+ b jet. COF RUN Il Preliminary
EEE‘ IIIII|IIII|IIII|IIII| III|IIII|IIII|IIII|III

|

e Luminosity from 330 pbt »>

i;-' ¢ CDFdaia
1.5 fb? 2 200E- [5=1.36 TeV —— jalne
T 180F- L~15f" 7070 (PYTHA)
« Improved selection, higher gt SR T )
2 140 : B
acceptance from 7.7% > o
9.6% 100 Z+21 b tag
&0
. &0
* Improved systematics o
20

Z+ b jet. COF RUN Il Preliminary 3 ¥ i : :
L L B L L L L L M| iGeWic’)

o | o 3 Inclusive Jets, Cone AR=0.7
1 Sk Ask for the Jet to have a
L] E-(jet) | : Secondary Vertex Tag and
1 E
e ...exploit light,charm to b

L separation from sec.vtx. Mass =2



Events / 0.1 GeV/?

W + bb production results

In secondary-vertex-tagged sample, fit for light, c, b contributions

CDF Run Il Preliminary { 695 pb™ )

0.14 :—SECVTX Mass Flavor Templates
0.12 —
0.1}
0.08 |
0.06 _ — Bottom
— Charm
0.04 - — Light (MC)
0.02 -
: LN

SECVTX Mass (GeV/c?)

Events / 0.1 GeV/c?

120

100

80

CDF Run Il Preliminary ( 695 pb' )

L Fit of SECVTX Mass for Isolated Electrons/Muons (W +1,2 jets)

Bottom : 32.81:+ 33.%
Charm : 47.03+ $2°9%
Light : 2015= ;%
x*= 28.12/36 Prob = 0.822

—— Charm
Light
—— Bottom
—— Combined Fit

ol

SECVTX Mass (GeV/c?)

measure: 0.90+0.32 pb for Wbb (E-(j)>20 GeV, |n|<2.0

LO calculation (ALPGEN): 0.74+0.18 pb



» Generic Jet Energy Calibration of the Detector need
» Reduction of uncertainty in b-JES important for Top
 Test algorithms to improve b-jet energy resolution

» Use of L2 SVT based b-tag di-jet trigger

b-Jets Energy Scale and Z->bb

s specific correction for b-Jets
mass measurement

is crucial for low mass Higgs search.

-> Extract a signal, measure data/MC b-JES

Result on 600 pb* - b-jet Data/MC Energy Scale Factor = 0.974 £ 0.020

Z->bb signal templates for 0.9<SF<1.09

| CDF Run |l Preliminary L=584 pb'1

0.035}- N(Z%bb)"‘SGOO
o ] C] T % 5 % T T T b 2
0.03F e 12000~ , pata £ R W
- S ... = BOO et e 1 e e e e | SRR e
0.025 % - . S
B B Best back d #3 N 400
0.02F : ‘5 B 2ol Dackgraoun » g g
¥ &N 10000 (55 ) 2 300
0.015F \\fg\— B2 bome 2 a00f
e w E
0.01 o & { 1002
0.005] = 8000 \ of
obl . o, 8 N L Ll:j L . -100L
0 20 40 60 80 100 120 140 16(;" 1&30\”290 B Y
- iindid 6000 — S T NN N O A i o
0.022F — . \ O 20 40 60 80 100 120 140 160 180 200
0.02 Data-driven Background - L] GeYie?
0.018[- B %
g 4000 /' s
0'016? Fitted Background = .0
0.014F /_ . .
0.012} - %o,
0.01) / 2000/ o.-..
0.0081 - . .~'-
0.006 —
ggg:i 0__||||||||!"iwmmm"i"'l";54ilh
P TTTRY S AT T T e 0 20 40 B0 100 120 140 160 180 200
0 20 40 60/ 80 100 120 140 160 180 200 2
M, GeVic* M. (GeVic')

Background template



Observation and mass measurement of Bc

B. selection is unbiased based upon B |- J/¥Y K:

In 1.1 fb-1, CDF observe the decay at a significance >6 o
and measure the mass:

M(B.) = 6276.5+4.0 £ 2.7 MeV/C?

alth 2.2 fb-1, observation with > 8o significance and:
I\/I(BC) = 6274.1 +3.2+2.6 MeV/C?

CDF2 F‘rellmmar}r
‘1—0 i 1 1 I 1 1 L] I 1 L] 1 I

b2 (s
L o
LI __II
] ]

Entries per 10 MeV/c’
o
I 1
]

N
b:i T 11
)
o
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B,” : same transitions as for B™ D@ Runll Preliminary, 1 fb™

except substitute p—K. Expected: o 125
g ! ¢ B'K
i RS ]
B.. = - ] mcB =B + + +
X Q |
afauan EE’“ g 75 | +
<0 Z i + + ++ + +
50 - +
25 ++
0 I | | | ‘ 1 | 1 ‘ L I 1 L ‘ 1 | | 1 ‘ I 1 1 | ‘ 1 | | 1

Bt 0 0.025 0.05 0.075 0.1 0.125 0.15
B M(B*K)-M(B*)-M(K’) (GeV/c?)

CDF Run 2 Preliminary 1.0 fo
a0f- —B'K

v Signals ara observad in both channels with sharp well-definad likelihood
curvas,

+ Significance evaluated using ratio L/L;, (L, = likelihood with no signal in mode() BK*
— Background

M(B,,) =5829.41+0.21 (stat) £ 0.14 (syst) = 0.6 (PDG) MeV/c?
M(B,") =5839.64 +0.39 (stat) £ 0.14 (syst) = 0.5 (PDG) MeV/c2

DM(B.,*,B,) = 10.20 +0.39 (stat) = 0.44 (syst) = 0.35 (PDG) MeV/c2

5
DO oo 005 010 015 020
M(B'K)-M(B')-M(K) [GeV/c?]

M(B,,") = 5839.1 = 1.4(stat) = 1.5 (syst) MeV/c2




HEAVY FLAVOUR PHYSICS AT HEAVY ION
FACILITIES

The attenuation of heavy-flavoured particles in nucleus- nucleus collisions tests the
microscopic dynamics of medium-induced parton energy los s and, in particular, its
expected dependence on the identity (color charge and mas s) of the parent parton.

Mass and scale uncertainties

=301 L L Strong suppression of non
1.2 q=14 GeV*/fm
W, o charm | Photonic e- high Pt in central
1- y .......... beauty ! o
RN 1 AuAu collisions
I =1 5 Difficulty to describe it
Gt ~ [ | theoretically
02—  * PHENIX * + """ 7T -
- 9 STAR :
T By S S T
p, [GeV]
Heavy-quark energy loss is presently studied at RHIC using measurements of the

nuclear modification factor R 5 of ‘non photonic’( y-conversion and 10 —Dalitz sub-
tracted) single e-.

Charm dominating at low Pt and beauty at high Pt. Large per turbative uncertainty
On Pt position of c-decay/b-decay.



