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Current Understanding of Matter

Measurement Pull (O™2_Q™)/gmes

3-2-10123

m,[GeV] 91.1875+0.0021  0.02
[,[GeV]  24952+0.0023 -0.36
oo, [nb]  41.540+0037 167

@ The Standard Model is extremely

R 20.767+0.025  1.01 successful description of the
0l . .

Aty 0.01714+0.00095 079 world of particle physics.

AI(P:} 0.1465 £ 0.0032 -042

Rb 0.21644 £ 0.00065 0.99

R, 0.171840.0031  -015 @ Nobody seems satisfied with it.

Ay 0.0995+£0.0017 -2.43

AZ° 0.0713+0.0036 -0.78

A, 0.922+0020  -0.64 € Too many free parameters?

AG 0.670 = 0.026 0.07

Al(SLD) 0.1513 £ 0.0021 1.67 ]

sin®0°P(Q,) 0.2324+0.0012  0.82 @ | eaves many |mportant

my [GeVl  80.426 +0.034  1.17
[y[GeVl  2.139+0.069 067
m, [GeV] 1743 + 5.1 0.05
sin®0,(VN) 02277 £0.0016  2.94 B

guestions unanswered ....

3210123
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Flavour Changing Interactions in SM

Important questions about SM:

1. What is the origin of electroweak b —> u transitions B Oscillations
symmetry breaking?
=> Higgs mechanism

2. What is the origin of flavour m
symmetry breaking?
=> Quark mixing, CKM matrix ¥ \
Flavour Changing Interactions: Re Vea Ver N
- In SM flavour changing processes 5 Lifeﬂ: CP violation
depend on CKM matrix
- Individual matrix elements not Goal of present & future B physics:
predicted by SM- must be measured ® Test flavour changing interactions
by flavour changing interactions in all possible ways
d Vyud Vus Vup | [ d => Theoretically clean modes versus
g | = Vg Ves Vo || 8 experimental accessibility
b Vig Vie Vipll b ® Measure sides and angles of CKM

triangle in many ways
B hadron decays measure

_ —s L
5 CKM matrix elements Overconstrain triangle
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B Hadron Producers

Y(4S5): ete- = Y(4S) — BB

The Players:
ARGUS & CLEO (Pioneers)
BaBar & Belle (B Factories)
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B Hadron Producers

ZY. ete— — Z° 5 bb

e’ -
b
L
e b
The Players:

ALEPH, DELPHI, L3, OPAL
SLD
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B Hadron Producers

Tevatron: pp — bbX CDF:
e Lowest order @{a?) diagrams for bb production -
. e paighi.pais SF l4pcT94 0:4%:01 13-Dcc-81

(a)-(c) gluon-ghion fusion Je wmre- 6.6 Ge e

(d) quark-antiquark annihilation  Sum £e = 100, ;_:‘-_ll E ’
@) (b)m N L/
(C)}Tﬂ‘ﬁ< “”>‘mm< \ | N

A

The Players:

CDF & DO

Other B producers: Hera-B, FNAL fixed target
The Future: Atlas, CMS, LHCb, BTeV
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What's up with this
(kB RIS D) dark energy

INn the universe?



Why the (FkVR¥DID) do
we want to do B physics

at a hadron machine ?




B Physics at Hadron Machines

Advantages of B Physics at Hadron Machine:

All B hadrons are produced: B, B, B}, B}, A}
Enormous cross section:

- B-factory: o(Y(4S8) - BB) ~ 1 nb

- Tevatron: o (pp — bb) ~ 100 ub

CDF Run Il Preliminary 220 pb™

DO Runll preliminary.

"o 35 ., 160
% M AB_> 'J/W A N(A,)=88.6110.3 2140
:"g - r %120
g 2o g
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15— 60
ST R
U_"*'+*++'++'"l"'ﬁl"+"**'+‘+'+*+'+'+ D:||||||||||||||||||||||||||||||||||||||
5.3 5.4 5.5 5.6 57 5.8 9 5 5.1 5.2 5.3 5.4 5.5 5.6 5.7

A, candidate mass [GeV/ie Mass Gevi/c’
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B Trigger at Hadron Machines

Comparison with charm production

B Triggers:

108
1ot
108
107

1ol

7 (QQ)

10
10-1
10~%

10~3

charm {ih) ]

bottorn i gb)
1

y top {nb)

1
a00

1 1 11 1
1000 5000 10000

Ve (GeV)

® Total inelastic cross section:

o(total)/o(b)~1000

2 |t's all about the trigger!
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® B trigger based on leptons

< Dilepton trigger: J/{, B mixing

2 Single lepton: semileptonic B decays
® Hadronic track trigger (CDF)

(exploit 'long' B lifetime)

Level 1: Fast track trigger (XFT) finds charged
track with p; > 1.5 GeV/c

Level 2: Link tracks into silicon; require track
iImpact parameter > 100 um (SVT)

Access to hadronic B decays
=> B physics program fully
competitive with B factories
- 10-



The Past
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A Brief History of Time

Beauty Production at UAL:

Observation of high-pT muon pairs

from semileptonic decavs of bb=

EVENTS

EVENTS / 100 MeV/c

—T T
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UA1 1987

Phys.Lett.B186 ,237(1987)

First fully reconstructed
B mesons at a
hadron collider:

Numoer/(0.020 Ce\/z?)

B+ > J/Y K*

i ]
I |
|||

|||

| Ey E:

ﬂ5|:'5_. =TT

5 BT 5.3 53 5.4 585 a6

Mass {Gev/c?)

CDF 1992 (2.6 pb)
PRL 68, 3403 (1992)
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B Physics in Run |

Successful B physics program

at Tevatron in Run I;

)
“
St A
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CDF B Lifetimes

U B
UB°) o [1.51+0.05 ps
oB") ! [1.66 + 0.05 ps
(B e [1.36+0.10 ps
UB;) L.l 0.46 £ 0.17 ps
oB*}x(B’) " 1.09 + 0.05
ol by Py
05 1 1.5
B lifetimes
14 T T T T TT T T T T T
2 - &5
- WL gSO-
o E|
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Jhyt+e and Jhy+n

— Data (B, Candidates)
Fitted Signal

- Fitted Background

7 8 9 10 11

M(Jiy+lepton) (GeVich)

CDF Am, Results

inc.lep / SST
D*lep / SST
lep / QiEt,Iep
e/pn

pip

D*lep / lep
D/ lep

Average

B

e -0.420 £ 0.090 * 507 ps™!
be i [0.471309% 1 0.034 ps”
‘e 0.500 + 0.052 + 0.043 ps™’
hes  |0.450 + 0.045 + 0.051 ps”
e+ ]0.503 + 0.064 + 0.071 ps'1
i 10.516 + 0.099 * 292° s
e ]0.562 + 0.068 * 2% ps™!

j«{ 10.489 + 0.025 + 0.024 ps

mixing

-

true asymmeltry
v o
T T

——Am fixed
---------- Am floating

v gJzuis

|
by

~ 0

. .

Discovery of B, meson

4-1
2 005 01 015 02 025
ct{(cm)
Evidence for sin2f#0
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The Present
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Tevatron Run Il

Tevatron Performance:

2002

o))
o

CDF taken Luminosity ( pb_l )
% § ST
o o o

® Tevatron has been working
well in 2004

I
o

® Record initial luminosity = 20 ////" 200
=7.2Xx 103 sectcm %% 50 100 150 305-;5:300 3{}50
® >300 pbl on tape o, RUN 1l Integrated Luminosity [[75 April 2002 - 23 March 2004 | aiﬁ
® ~100-250 pb*t used for analysis . D 4
- ED
® CDF & DO performing well B —~/
® Detector efficiency ~80-90% *' / ,__,J/
T
" ]
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Run Il: CDF Detector

The Upgraded CDF Detector:

® Tracking upgrade:
- Silicon:
Beampipe layer + 5 layers + 2/1 outer (forward) layers (radial 1.5 - 28 cm)
Full coverage of luminous region; Si tracking up to |n| <2
- Central Outer Tracker:

30,200 sense wires (44 - 132 cm)
96 dE/dx samples

® New endplug calorimeter

® Improved muon Magnet
coverage =

® Trigger/DAQ upgrade [

- Fully pipelined Beampipe
- All digital (132 ns)
- Silicon trigger at L2 f—ﬂj\"

® New frontend electronics
® Time-of-flight
system

Silicon Vertex Detector
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Run Il: DO Detector

The Upgraded DO Detector:

What's new at DO:

® New detector elements:

- solenoid,
silicon tracker,
fiber tracker

- new preshower
detector

® Improved muon
system

® Enhanced trigger
system

® Extra shielding
around beamlines

Manfred Paulini
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+ New Electronics, Trig, DAQ
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Tevatron Results at APS 2004

List of CDF & DO charm & bottom results at APS 2004:

® Observation of Semileptonic B Decaysto Narrow D** Mesons
® Flavor Oscillationsin Bd Mesonswith OS M uon Tagging

® Bd mixing with Same Side Tagging

® M easurement of Lifetime Ratio for BO and B+ M esons

® Measurement of B Lifetimesin B->J/psi K Decays

® Observation of X(3872)

® Limit and Sensitivity for Rare Decay B, - pu

® Polarization Amplitudesin B - VV

e BRand A, in B"- @K

® BOMixing with SST in Fully Reconstructed B Decays

® Study of Jet Charge Tagging

® Measurement of Hadronic Momentsin Semileptonic B Decays
® Pentaquark Search in 6* - pKs

® Pentaquark Search in 6, - pD*

® Pentaquar k Search for =(1860)

® B_-VV Lifetimes

® Measurement of B Hadron M asses ® Search for B, - J/PpX
® Measurement of BR(B* - J/ym) e Soft-Electron Reconstruction for B, - J/eX
® Observation and BR of B, @@ eBR and Apin D* - T

(List might be incomplete)
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Selected Run |l Results

Exclusive B Decays:
Accumulate large samples of
fully reconstructed B hadrons:

PES finds in 250 pb:

Bt — J/¢p KT (N ~ 4300)
B —» J/¢ K (N ~ 375)
B —» J/¢yK** (N ~ 1900)
B? —» J/v¥¢ (N ~ 400)
Ab—)J/’l/)A (NN52)

DO Runll preliminary.

Events / 20 MeV

160 -

-
Y
(=]

250 pb-!

Events / 20 MeV
— —
E 8 2 8 8 B
TTT TTT III|

(=]
TTT[TTT[T

111 | 111
57
Mass Gev/c’
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DO Runll preliminary. Luminosity ~ 225 pb'1

o
=
=

h_III|III|II|III|III|III

600

400

200

B" - Jiy +K'

N = 4306 + 89

55 56 5.7 58
Mass GeV/c?

D2 Run Il Preliminary, Luminosity = 225 ph"1

250

200

150

100

50

L] ]
B - J/y + K’

N=375+29
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Selected Run |l Results SO Ry 15
?Bo_> Jy K N(Bd)=349.4+12.2

Exclusive B Decays:

Precision mass measurements

from exclusive B -> J/Y X

Events/3.5 MeV/ic
(3] (-]
(-] o
TT ‘ TTT

AP RLT TN ﬂ*;%
5

1] i
515 5.20 5.25 5.30 535 5.40 5.45

m(B1) = (5279.10 £ 0.41 + 0.34) MeV /c? B, andte mess iy
m(B%) = (5279.57 £ 0.53 & 0.30) MeV/® il o e ™ oo |

B> J/y K*

m(B%) = (5366.01 = 0.73 & 0.30) MeV/c®> |
m(Ap) = (5619.7 + 1.2 + 1.2) MeV/c?
(current world best values)

o b b b b b b o L
500 5.05 510 515 520 525 530 535 540 545 550
B, candldate mass [GeV/c

. CDF Run Il Preliminary 220 pb” . CDF Run Il Preliminary 220 pb” « 55p COF Run Il Preliminary 220p'
o 38 o 60 P -

E - Ag—JdivA N(A,)=88.6:10.3 E = By~ Jyo N(Bs)=184.6112.5 E B’— Jiy K° N(Bd)=1278.7+41.7
a 3 g

< F c c

i * & 40— i

N
=]

y
o
T{TTTT[TTTT

301

F 3 £

r 20

10 r

5 + + 10}
u**.ﬁ#*##ﬁ.w\‘.‘*\‘.+H++L+‘+‘+*+‘H N AL fhau e AT A A Y A e ol b b b b b o L

53 54 55 5.6 57 5.8 9 510 515 5.20 525 530 535 540 545 550 555 5,60 500 505 510 515 520 525 530 535 540 545 §50

A, candidate mass [GeV/c B, candidate mass [GeV/c B, candldate mass [GeVic ]
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B Lifetimes

m 1(BY)/1(B° from Semileptonic Decays

Novel Analysis Technique

® Measure directly lifetime ratio instead of indivdual lifetimes
® Make use of: D* mainly from B®,

one example : VPDL bin [0.10 - 0.15 cm]

D° mainly from B*

s - Group events into 8 bins of P —

» Visible Proper Decay Length: a0 |

s - Measure r = N(uD*)/N(uD?) in each bin *
- In both cases fit D° signal to extract N(uD) -

- Use slow pion only to distinguish e 18 2 e

B° from B* (no lifetime bias)
® Account for feed-down from D** == ",

using MC oo [

D@ Runll Preliminary, Luminosity=250 pb'1

D° Sample

oW'K'n

-

16 18 2 22
M(Kr) GeV/c?
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B Lifetimes

1(BY)/1(B° Lifetime Ratio Lifetimes from excl. B -> J/y K

m Use binned x2 fit of event Use fully rec. B decays

ratios to determine 1(B*)/1(B°)
D@ Runll Preliminary, Luminosity = 250 pb'1

& oas [ ¥%/NDF = 4.0/5
ERE
E m
X 03 +
AR |
= L
025 [
0.2 -
0-15 B 1 Il 1 1 ‘ 1 1 Il 1 ‘ Il 1 Il Il ‘ Il Il Il Il ‘ 1 Il 1 1
-0.1 0 0.1 0.2 0.3 0.4

Visible Proper Decay Length (cm)

DO Preliminary result:
1(B*)/1(B°) = 1.093 + 0.021 + 0.022

Extremely competitive with B factories

Manfred Paulini — APS April Meeting, Denver, 5/2/04

CTg, = 498.1+9.9(stat)+2.4(syst)
CTgy = 461.3+15.4(stat)+2.4(syst)
CTz = 410.4+30.0(stat)+2.4-2.9(syst)

Tg,Teg = 1.080 £ 0.042
T Tgq= 0.890 + 0.072

B.->J/Y@decay length

COF Run |l Presl irm insry

E
i + datE
@1:', .ctLSIiZ-
.4 ctiBkg )
-! a ctiBkg o)
Fit prob: 26.9%
10
1
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X(3872) - J/W T T

Aug. 2003, Belle announced new particle at m~3872 MeV/c?
Observed in B* decays: B* -> K* X(3872), X(3872) - J/W
N = 35.7£6.8, m = (3872.0+£0.6+£0.5) MeV/c?

X(3872) confirmed by CDF & DO: CDF I
3000 1500
% 9005—% D@ Run Il Preliminary 1400
: -1 25001 1300
2 800 w(2S) 200 pb ) | 1200]
< 700F X(3872) o 11001
- i <1.0 22000 1088_
o 600F m 3
0] 0 9001, . . .
© 500F , 51500 3.80 3.85 3.90 3.95
) : 4 3 g
T 400 1.0<n<2.0 3
S 300 £10001
ol - &)
. 200F
o : 500
< 100t
: 0% 0

oL 1w v b b e b
03 04 05 06 07 08 09 1.0

M(urum) — M) [GeV/c?] 3.65 3.70 3.75 3.80 3.85 3.90 3.95 4.00

Jyrn*n Mass (GeV/c?)
N =300+ 61 N = 730 + 90
Am = (768+4£4) MeV/c? m = (3871.3+0.7+0.4) MeV/c?
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Pentaquarks

Five quark state: 4 quarks + 1 anti-quark
flavour (anti-quark) # flavour(quarks)
Predicted by Diakonov, Petrov, Polyakov (1997)
States observed so far:

Ot :|luudds) )

=" :|lssddu) E°:|s5ddu
0. _

O, :|luuddc) O s>

N Jiua*d)

+ —
Nludilsul 5>
3 [ludlisu], d
X llsul’s

Discuss first: @71
mass ~ 1530 MeV, width < 15 MeV
Decays equally to nK* and pK®©

= =t
=32 ,_ =32,
|[ds] u |lusl’d
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Pentaguarks

O™ Reported evidence in nK*

W CLAS
hep-ex0307018

2

Events/0.01 (GeV/e™)

= - o o
-] o —] h
T T T T T T T

th
T

SAPHIR
hep-ex0307083

ﬂ: L |;'; | _l\ il i |!h|7!- I-Lll-‘:l |_||T
1.6 L. A 1.9
M@K") [ GeV/c' | N
mass(nkK 'GeV
E : , F r'||-|r'| rr1 r1r1r r'|r1 r '|r1-| r'| r E 'L'} - ‘ JJ L
L S Nev=1112 2 nsF r . =1
£ [ - 1 »mE o]
£ I & 32 r = E
i SG; é E 0
— # 115 F 4 . »F 15 E
E e ] X i 0 E
0 = BF 1 % = 5k :
: - 114 E - : eds 1
2E e 3 A oW MmK") (GeVie")
[ 10 = -] E
b S 1BF
e "5 P = i
r sk =
10 3 :
[ 15 E 5
o Ciiily L A R T A P T T P iR e T F : i
‘} Jd b bl b b4 B R4 b b4 Bl R d Q4 b4 b4 b0 b Ed b Li 0 il i a0 g g & a4 3 i
14 145 13 1155 MK‘ '\HGCV . 165 17 1.7 1 ].H 1.5 :.“ Li 1."5 I_.-ur I_."; 1‘ I..-I- I.ﬁ 1.3‘ 1 7 12 :.-l-
PR MM(K") (GeV) M(nK') (GeVic')

DIANA hep-ex0304040 LEPS hep-ex0402005 CLAS-2 hep-ex0402005
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Pentaquarks

O™ Reported evidence in pKO

HERMES hep-ex0312044 Asratyan et al.hep-ex0309042

M=1528 + 2.6(stat) MeV
=8 + 20 MV " OSY-TOF hep-ex0403011
s | N 3 o - 40003 $0000
- It el excess =26.56 £6.417
s0 | § k »YE p3 = 1214 £05881
& I i ;,1; p_=T71ee182
a0 | 8 140 ¢ F
| .
s0 | hd + + B
w0 ++ E
10 H‘ 0 . < 2
0 +J L L " n 4 :5 o 1%6 2 tir An |l‘| 7 |fs
145 1.5 1585 1.6 165 L7 ; " m{Ksp) , GeV
M wp) [GeV]
7[ ] TV 1 1 [ L B ['I T [] Trrr T T 17
b ey
ok e B Ks p'p}

C a’20 GeV?

M=152643 1(stat ) MeV'c?
6=10.242 Tstat) MeVic*

Combinations / 0.005 GeV
T \§I T I§

SVD

— 1 ZEUS
hep-ex0401024 —

1 hep-ex0403051

2
=

150

£l 100(-¢
a7 4 N ]
AUl e C
o, 54.1jL!L! iy] 50
O iy a.t_.f g v
“w . T i
PTROU MIAES . d8n AT
5 y & 3¢ 1 2 12 3 e

M K. %) Gelic* 1.45 15 1.55 16 165 17
M (GeV)
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Pentaguarks

e Reported negative evidence

T

b €] mult< 10 TP, I L J A N

: PN s +++++++‘|'+ T F + 47

w { wof 4+ 3

E 5ok & p+C 3

2 et :

i :;E'ﬂ; mult <20 + A + ]

20 &/l Targes .

8 L J

N A TTLAL Ty

- L ] 5"'_ " .-Pf+.+| " .-1_. Ai g -r I ._'

14 ] 17 014 . 1475 185 1825 1

[:I':Errm-s Gevic

PHENIX nucl-ex0404001

NK' PHENIX PRELIMINARY -

£ 200 ' &

| o Y d+Au s = 200 GeV =

© Je0E Centrality>30%

140
120

1002— ,

80E- mixed Event bkg &

60— =

40— =

20— =

u% L O W I I N ‘?"J‘IH_. T | ;

1.4 1.5 1.6 17 18 19 2 S

Invariant Mass GeVic"2
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HERA-B hep-ex0403020

BES hep-ex0402012

| | v
¥
g af
o
I H | MN k
43 13 s _ 776 15 155 s
MEK.p) (GeVic)) MK D) (GeVic))
-
K
2
f
Fa
3 1.5 18 7345 13 138 1

M(K.p) (GeVic?) M(K n) (GeV/ic))
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Pentaquarks

®™T: Ssummary of evidence
10 pos., 3 neg. reports

masses consistent?

Search at Tevatron

Experiments Mass (MeV) Width (MeV) | Observation
SPring-8 [6] 1540 £ 10 <% nK*
SAPHIR [7] 1540 £4+2 <% nK*
CLAS-1 [8] 1542+ 5 <21 nK*
CLAS-2 9] 1555 + 10 < 2 nK*

DIANA [10] 1539 & 2 <9 Ktn— Klp
HERMES [11] 1528 + 2.6 + 2.1 17£9%3 pKJ
SVD [13] 1526 3 £3 <2 pKQ
Asratyan et al. [12] 1533 £5 <20 pKJ

ZEUS [14) 1521.5 + 1.5 ff:g 6.1+ 1.6 J:f:g pK?Y, pK?
COSY-TOF [15] 1530+ 5 <18+4 pp— STpK o

All signals in 3-6 o range

Manfred Paulini — APS April Meeting, Denver, 5/2/04

SPring-8
SAPHIR
CLAS-1
CLAS-2
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CDF Run Il preliminary 180 pb”

Pentaquarks at CDF minvins s 200
a | 22000
n 0 I - | 20000
Search for@" — pK¢ —+ prn'w g 18000
_ < | 16000
Use 2 energy ranges: g - 4 o
min.bias (23mio), jet20 (16mio) . | 512000
. . | | 110000
Identify protons with ToF il P ' ls000
_ " leooo
Reconstruct reference states os) | -
04} Il —2000
1 1 " 1 1 1 L _0
0 05 1 15 2 25 3
) CDF Run Il preliminary 180 pb” /\(1520) N pKO measured total momentum p (GeV/c)
S - N(K3) =( 667+ 1)x10° o ion i CDF Run Il preliminary 180 pb
g 60000 NE [ minbias data
- 3 ™% ¢® - KK
& 50000/ o, o . 4
g | KO ';g- 7 “ CDF Run Il preliminary : 11-30 pb
"E' 40000 S g - % minbias data
H = - =
w B i o 4000+
W g_ n =19721+ 273
30000} 8005 . 8 m =1019.4 +0.0 MeV
. H“h| = 3000 o =1.510.0 MeV
6001 = 3276+ 327 5 = g
20000 ; nm=1519.6 0.6 MeV 2000L Fe——
400 o = 2.3+0.0 MeV
10000} Opp Charge [[=13.6 +1.8 MeV
same charge @/ndf= 151/161 1000/ o ety
0 . k A k | U TS NG T M
0.4 0.45 0.5 0.55 0.6 %4 145 15 155 16 165 17 175 18 - 108 71 115

m( 7*1t) (GeV/c?)

Manfred Paulini — APS April Meeting, Denver, 5/2/04

m(pK , pK*) (GeV/c?)

m(K *K) (GeV/c")
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Pentaquarks at CDF

Search for @t — pKg — prta™

- CDF Run |l preliminary 180 pb™ CDF Run Il preliminary 180 pb™’
Hu t_ ™
2 : minblas data 5._“ |et20 data
S 160 ( = 500- Lk
o . 1 o 2 - |
5 140f , J - 5 | o] "‘]&“ J
: H o - Mn'_ :‘I [
2 q20f I 9 k
§ A | S
W 400! { | i 7 JM '
: 1 300} '
80| | |
60| g 2001
400
| 100}
200
0 L l | I L L L 0 . [r 1 " | . L i | N | .
14 145 15 155 16 165 17 14 145 15 155 16_ 165 17
m(pK .,pK?) (GeV/c?) m(pK ..pK?) (GeV/c’)

No evidence at CDF for narrow resonance
CDF is working on limit for o( ©*/A(1520) )
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Pentaquarks at CDF

The cousin of @ = Search for =(1860) at CDF:

NA49 at CERN SPS (hep-ex/0310014) - Search for

Observed in =ZTtmass, N=67.5 events 53_/; — =T, Eg/z — E 7t
m =1.862 £ 0.002 GeV - CDF developed dedicated tracking

of long-lived hyperons in Si. detector

WL a)
M ssddul - Clean sample of 40k = (x20 stat. NA49)
I ST T - Use established 2(1530)° - E~ =«

s b) =t as calibration signal

1o

| CDF Run Il Preliminary |

Entnes / 7.5 MeV/c"

B N L B L L R
|‘1]“1J'|[i‘n||,;_‘|||u5,| - 89 i AT ]
' ' S | L=220pb" [ ] A
- ® 8000 An*
C:'_'Ed_n_ E [ = track found in SVX
SS u =~ 6000'_— N=36,000 |
< B
1 V_’]L"L’I_J-lIII ﬂ[[l_Dj_[l]_l_l'l i | || 1. 00 4000|__ ]
d) = i
2000 ]
"ﬂﬂﬂ [N 10'_"' T R T e R :
Al L . 24 1.26 1.28 1.3 1.32 1.34 1.36 1.38
M(Er) [GeV/ic] M(AT) [GeVic]]

Manfred Paulini — APS April Meeting, Denver, 5/2/04 - 31-



Pentaquarks at CDF

Search for =(1860) at CDF:

- No evidence for narrow signal found
In 2 data samples (had. track & jets)

NA49|CDF (90%CL)
N(E~7T)
v(Es) 0.21 < 0.06
N(E"7"
Naioey | 0-24 < 0.03

Similar acceptance:

o(pp — 2(1530)) - a(=(1530))

A=

NA49: A ~ 0.068
CDF: A ~0.061

o(pp — E) - a(E)

Manfred Paulini — APS April Meeting, Denver, 5/2/04

N/ 10 MeV/c

N /10 MeV/c2

| CDF Run Il Preliminary |

« 1500

1000

500}

B s e | T

—
t L~220pb™

T CE(1860)

Z track found in SVX

0

Ll I Ll 1 I
2 21 22

11 | . A A | | AN L1 | L1 1 | [ |
15 16 1.7 18 19
— 2
had. track data M(Zn) [GeVic’]
| CDF Run Il Preliminary |
300 prrrrr T T T
§ L~220 pb' = track found in SVX
[ J=7 =860y

200} = .

O l

100_—
] i
) 9.4 1.5 1.6 1.7 18 1.9 2.0 2.1 2.2
jet data M(Zn) [GeV/c?]
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Pentaquarks at CDF

Search for Charmed Pentaquark

- March 2004: H1 at HERA:

- Evidence for ©? : luuddc)
- Reconstructed in ©2 — D*tp
m=3099+3+5 MeV, N=51+11

CDF:

- Large sample of D™ (0.5 mio)
- Use D™ -> D™ 1t as calibration mode (15k)

| CDF Run Il Preliminary |
(o] e (E—— (E——
L 35000
=~ -

(1) -
= 30000|-

=

20000}
15000}
10000}

5000}

L=240pb™
Sl il

- -
— 25000

yield=5366041860

0:‘ - L L | L L L ‘ L L L | L L L ; L L L ;7 —— L ; L
0.140 0.142 0.144 0.146 0.148 0.150 0.152 0.154

M(D"z+)-M(D") [GeV/cY]
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Entries per 10 MeV

N /5 MeV/c?

40 —

20 |

10 |

30 |

H1

o D*p+D*p

— Signal + bg. fit
-- Bg. only fit

Ty T,

3.2 3.4

3.6

M(D*p) [ GeV |

4000

2000

, D" yield = 14669 + 323 |

L=240pb”
it

el AR SR N T Y NN AN SR Ll
0.3 0.4 0.5 0.6

0.7

M(D*+TC')-M(D*+) [GeV/c?]
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Pentaquarks at CDF

Search for Charmed Pentaquark
® |dentify proton using ToF (p<2.75 GeV) and dE/dx (p>2.75 GeV)

(~ 20 separation each)
® No evidence of charmed pentaquark seen
® Combined upper limit: <29 events (90% C.L.)

CDF Run Il Preliminary | L=240pb” [ CDF Run Il Preliminary | L=240pb”
o 10—« 60— ————
o i Q
- i 1 > i
< sol 12 i
N i ] o B
~ | — 401
Z 60 pa i
4o} -
R 20
20| I
_I I I I . . I L L | | | | | | | ] 0 . T . . . . . . . . . . . . .
0 3.0 31 3.2 3. 3.0 31, 3.2 33
* g 2 +—
use ToF M(D +p) [GeVicT] use dE/dx M(D p) [GeV/c]
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The Future
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Near Future: Bg Oscillations

Why are we interested in B_ Oscillations?

Manfred Paulini — APS April Meeting, Denver, 5/2/04
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Near Future: Bg Oscillations

Why are we interested in B_ Oscillations?

sin2f3

0.2 0.6 0.8

PDG 2002

V.
/. td b W Via d
Viol g o] o [0
d Vyu W b
b W Vi s

m2
BN
My,

Lattice QCD

Experiment

Want to measure: 5
Amg  mpyTpBpa\Vi,|?

2
mngédlz

Amd
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CKM elements

—_ 62 from Lattice
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Bs Oscillations

Tevatron only place to observe B_oscillations unti

Difficult measurement (give CDF prospects): "o
Current conditions: fully rec. Bs - DsTt g
S= 1600 events/fb-1 &
SB=2/1 o
eD? =4 % (SLT+SST+JQT) 8
0,=67 fs LD

Short term 500 pb* (no improvement up to 2005)
20 (for Am_ =15 ps-1)
Reach the current indirect limit.
Cover the Standard Model favored range

Beyond SM favoured range (conserv. improvements)
50 if Ams= 18 pstwith 1.8 fb-1

50 if Ams= 24 pstwith 3.2 fb-1
CDF & DO work towards B_mixing with high priority

Manfred Paulini — APS April Meeting, Denver, 5/2/04
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—
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o
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CDF Run Il Preliminary, L = 119 pb

- about 100 B — D n*

CHT ety

o
5.0

55
- 2
D.n* Mass [GeV/c ]
CDF Run Il Monte Carlo

~ 80
(@]
S 70
()]
S 60
2 50
Q 4
S 20]
2 10f
S |
O I

Candidate Mass [GeV/c 2]
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Towards B¢ Oscillations

First Measurement of BPoscillations at DO
Use sample of semileptonic B -> D" y decays

Tagging procedure

Fit procedure

non-0sc

Asymmetry=(N

-N ogc)/(N non-osc

+Nosc) ‘

D Run II Preliminary

0.6 o

0.4

0.2

-0.2

0.4

0.6

025
VPDL, cm

Manfred Paulini — APS April Meeting, Denver, 5/2/04

Preliminary results:

Am, = 0.506 +0.055 +0.049 ps-!

Tagging efficiency: 4.8 +/-0.2 %
Tagging dilution: 46 +/-4.2 %

One of the best measurements at
a hadron collider
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Towards B¢ Oscillations

First Run Il measurement of BPoscillations at CDF

Use fully reconstructed B% -> J/y K* & BO->D-
Use same side tagging

Amy,= 0.55 +0.10 +0.01 ps-!

CDF Run Il Preliminary L=245 pb'1 CDF Run Il Preliminary L=245 pb'1

©
N
©
N

B s JiyK,K K + B° 5D =, D — K'nn

%4\_”

S
e
S
e

S
hd

Asymmetry
(=1
=)
he

Asymmetry
(=1

(=)
N
(=)
N

0 005 01 015 02 0
Proper decay length [cm]

005 0.1 015 02
Proper decay length [cm]

CDF flavour tagging studies:

Same-side (BY) eD?2 =(1.0+0.5%
Muon tagging eD?2 =(0.7+0.1)%
JQT eD?2 =(0.42 +0.02)%
OS-Kaon In progress

Manfred Paulini — APS April Meeting, Denver, 5/2/04

CDF Run Il Preliminary L =245 pb”
Prob =41.34 %
1050 candidates
>
=
S 400-
e
[
2
=
<
+°}
-
© 200-
[
0
5 ST +
Z Pppmgtt Wy -
P ey
0 T T
5 52 54

K* 7y p* invariant mass [GeV/c?]

CDF Run Il Preliminary

L ~ 245 pb™

1000 -

500 ‘."::.. .

Number of entries / 10 MeV

Prob = 38.29 %
4850 candidates

55 6

K' 1 m w5 invariant mass [GeV/cZ]
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The Future

Goal of present & future B physics:
® Test flavour changing interactions
in all possible ways

=> Theoretically clean modes versus
experimental accessibility
® Measure sides and angles of CKM
triangle in many ways

=> Qverconstrain triangle

Manfred Paulini — APS April Meeting, Denver, 5/2/04 - 41-



The Future

Goal of present & future B physics:
® Test flavour changing interactions
in all possible ways

=> Theoretically clean modes versus
experimental accessibility
® Measure sides and angles of CKM
triangle in many ways
=> Overconsirain triangle

Harry Cheung)

The case for

BTeV & LHCDb

(figure credit:

1

NN

N
1
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Overview of BTeV and LHCDb

* BTev& LHCb areforward spectrometersat hadron colliders.
- LHCb: LHC at CERN, first data 2007.
- BTeV: Tevatron at Fermilab, first data 2009
- Fundamental idea: Separate b/c from background via decay length
— Thisintroducesthe least bias.
- Trytodothisasearly aspossblein thetrigger.

* Largesamplesof b quarksareavailable:
- BTeV: ~2x10" b-bbar pairsper year .
— LHCDb: ~1x10% b-bbar pairs per year .

* ee Y(49) at £=10* cm?s!yields~2x10® B's per year.
- Require£=10%*%cm?s'to becompetitive.

e B,,B.& b-baryonsareproduced at hadron machines

Manfred Paulini — APS April Meeting, Denver, 5/2/04 - 43-



Overview of BTeV and LHCDb

Accelerator parameters and cross sections

BTeV LHC-b
L ocation Tevatron, Fermilab LHC, CERN
Ecu 2TeV 14 TeV
Collisions p-pbar p-p
o(b-bbar) 100 pb 500 ub
a(b-bbar)/a(visible)" U3rs5 1/160
o(c-cbar) 1.0 mb 3.5mb
o(c-cbar)/o(visible)" 1/40 125
Peak Lumi 2% 10*%?cm? st 2% 10*%?cm? st
Integrated Lumi 2 bt/ year 2 fbl/ year
b-bbar pairsyear 2 x 104 10 x 10

T Using o(b-bbar)/a(total)=1/500 from BTeV TDR and
o(visible)/o(total)= 0.75 from Tevatron Run I handbook.

Manfred Paulini — APS April Meeting, Denver, 5/2/04
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Overview of BTeV and LHCDb

Why a forward detector?

B hadrons at the Tevatron

10

7.5}

By SE
T n=in(tan(6/2)) Z'EaneV
 Higher momentum LHC-b

* Longer decay lengths
* Lessmultiple scattering

e Usedecay length to separate
heavy flavour from background.

Manfred Paulini — APS April Meeting, Denver, 5/2/04

b—b correlation

doesn't occur

[S= =S S S < >
e
S SoOS SOS SOS o
ey
et

ST 2
0 —
b
------------ PYTHIA
f_ i ( )

High probability for both b hadrons
to bein the acceptance.

e Critical for flavour tagging.
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BTeV Detector

Ring Imaging Toroids

Magnet Cerenkov
il 4 | /

h,
o %
%
1

BTeV

ol

Muon

Silicon Strips
N ﬁ Chamber

T Electromagnetic
Pixel Detectors Cdlorimeter
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BTeV Detector

Key design features of BTeV:

* Magnet onthelR * Strong Particle D
- Allows momentum - Ring Imaging Cerenkov
measur ement in thetrigger. (RICH) detector.
* Precision vertex detector - Hadron and lepton I D!

— Planar pixel arrays. - Background regection.

e Vertextrigger at Level 1. - Flavor tagging.
- Can trigger on final states * Excellent muon ID system

with only hadrons. - Redundant triggering of

PbWO4 Calorimeter finaJ_ stateswith_muons.
* Fast, high capacity DAQ.

- Can record a significant

fraction of all B decays.

— yand 1P reconstruction.

* Originally 2arms
- Lost one arm dueto funding constraints.
* Design bunch crossing was 132 ns - now 396 ns

- Implies3timesthepileup for the same luminosity.
- Studiesindicate degradationsare ~10% in yield for same S/B.

Manfred Paulini — APS April Meeting, Denver, 5/2/04
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LHCDb Detector

SPD/PS

Magnet Sl

)
S
=
NY
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LHCb Detector

LHCb Re-Optimization:

e Sept. 2003: TDR for areoptimized detector.

* Reduce material
— Thinner devices and supports
- Remove unneeded tracking and VEL O stations.

- Reduce multiple scattering and particle loss dueto interactions
In material.

* Remove magnet shield to allow B field in region of the
Trigger Tracker (TT) and RICH 1.

e L1Trigger:
- TracksuseVELO + TT hits.

- Crude momentum measurement from bend in the fringe field.

- Low momentum tracks, which can have large scattering, do not
contaminate the detached track trigger decison.

Manfred Paulini — APS April Meeting, Denver, 5/2/04
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Comparison of BTeV and LHCDb

Some technoloqy choices:

BTeV LHCDb
Magnetic field integral 2.6 T-m (center to end) 4 T-m (full length)
Vertex Tracker Pixels Silicon Strips

Downstream Tracker Si Strip + Straws Tubes S Strip + Straw Tubes
Particle ID RICH; 2 Radiators 2 RICH; 3 Radiators
C.F,, C,F, Aerogdl; C,F,,; CF,
EM Cal PoWO, Crystals Shasnlik: Pb-Scint
Hadronic Cal - Fe + Scintillating tiles
Muon System Stainless steel prop tubes MWPC: wire + cathode

Angular Acceptance

10 —-300 mr

15-300 mr

Manfred Paulini — APS April Meeting, Denver, 5/2/04
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BTeV and LHCDb Trigger

BTeV

Beam crossing 2.5 MHz

L1: 50 kHz

— Find tracksin pixels.

- Find vertices.

— Cut on impact parameters

L2: 5kHz

- Refinetracksin pixels

- Refinevertices

- Cut on impact parameters

L3: 25t04 kHz
- Rate depends on event size.
- May useall detector info

- Algorithms TBD. Goal isto
be as open as possible. Will
select somefinal states but will
also accept more.

|ndependent di-muon at L 1.

Manfred Paulini — APS April Meeting, Denver, 5/2/04

LHCb

Beam crossing: 40 MHz

LO:

10 MHz with inelastic
inter actions

1MHz

Find clustersin calorimeter
Find tracksin p system.
CutonP;(1to3GeV).

Reject pile up.

. 40kHz

Find tracksusing, VELO, TT
and L1 info.

Find primary vertex.
Cut on and P; and impact
parameter of tracks.

HLT: 200 Hz

May use all detector info.
Select final states.
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Physics with BTeV and LHCb

Want to overconstrain CKM triangle
Possible scenario:

0.5]Im Am

[Vl
B—-JApKg
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Physics with BTeV and LHCb

Want to overconstrain CKM triangle
Possible scenario:

0.5]Im Am
Bsoscillations

[Vl
B—-JApKg
|

0.5 0 0.5 Re
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Physics with BTeV and LHCb

Want to overconstrain CKM triangle
Possible scenario:

0.5 Im Am

y measurement
[Vl

| BTeV |

—_ L

-0.5 0 0.5
0.51 : o — -
_ New physics contribution to B°-BP oscillations
(V)
- ‘////7)(_\_77_;
|‘/ub|
AN
|

—0.5 0
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Physics with BTeV and LHCb

Summary of Physics Reach (107 s)

Reaction Para- LHC BTeV
meter : :
Yield SB SensitivityT Yield SB SensitivityT
Be_, 1T Asym 26,000 | >1.4 14600| 3 0.030
Bo- JY Ky, sin(2B) | 241,000 | 1.2 0.02 168,000 | 10 0.017
J/UJ NS
B.— D.K" y-2X 5,400 | >1 14° 7500| 7 8°
=Y
B.— DT Xg 80,000| 3 <1OOT 59,000 3 <75T
+

Sensitivity means either the error on the parameter or the limiting value which we can measure.

T Upper limit for a measurement with 5 o significance. o(xg) <0.02 for most X.

Warning: No check made that both use same assumptions about branching ratios.
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Physics with BTeV and LHCb

Summary of Physics Reach (107 s)

Reaction Para- LHC BTeVv
meter : :

Yield | SB SensitivityT Yield SB SensitivityT
B - Do (K*mr) K- Y 170 1 13°
B - D°(K*K") K- y 1,000 | >10
BC- DYKmK™ 3,400 | >2.0
BO_, Do bar K™ y 590|>0.35 | 7°to °
BO_ DO_K%bar depending

ony.
B - KgTr Y 4600 1 |<4°+theory
errors
Bo- K*Tr y 62,100 | 20
T

Sensitivity means either the error on the parameter or the limiting value which we can measure.

Warning: No check made that both use same assumptions about branching ratios.

Manfred Paulini — APS April Meeting, Denver, 5/2/04
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Physics with BTeV and LHCb

Summary of Physics Reach (107 s)

Reaction Para- LHC BTeV
meter [ -

Yield SB SensitivityT Yidd | SB SensitivityT
Be-, p*IT a 4,400 | 0.14 5400 4.1 ~4°
Bo_, pCTP o 780! 03 (For 1.4 years)
B.—»Jyn, sin(2x) 7,000 | >0.2 2,800 15 0.024
\TIVATE
B,~Jyn, 9,800 | 30
J/UJ N A
T

Sensitivity means either the error on the parameter or the limiting value which we can measure.

T Typical values. Exact values depend on assumptions about X, x, Al /I ;and R;.
Warning: No check made that both use same assumptions about branching ratios.

Manfred Paulini — APS April Meeting, Denver, 5/2/04
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Conclusions

® \\Vealth of new B physics results from CDF & DO
- DO demonstrates very competitive B physics program

- Negative pentaquark searches from CDF

e CDF & DO work towards measurement of B oscillations

® | HC-b well on the way towards first data in 2007
- Many components already at CERN
- Can do great physics with initial LHC luminosity

® BTeV expects first data in 2009

- Funding (CD-0) approved by DOE
- R&D is already well advanced. Final decisions in 2004
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® \\Vealth of new B physics results from CDF & DO
- DO demonstrates very competitive B physics program

- Negative pentaquark searches from CDF

e CDF & DO work towards measurement of B oscillations

® | HC-b well on the way towards first data in 2007
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- Can do great physics with initial LHC luminosity

® BTeV expects first data in 2009

- Funding (CD-0) approved by DOE
- R&D is already well advanced. Final decisions in 2004

"Anyone who keeps the ability
to see beauty

% never grows old.”
/\\Q Franz Kafka
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Conclusions

"God doesn't play dice with the universe."
(Albert Einstein)

"If only god would give me some clear sign!
Like making a large deposit in my name at a Swiss bank."
(Woody Allen)
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