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Tevatron

pp collisions at /s = 1.96 TeV
observed by two experiments: CDF & DO




B Physics @ Hadron Colliders

+ Large cross section
o(pp — bX) ~ 100 ub
«— B factories: = 1 nb
+ High center-of-mass energy
+ Heavy & excited B’s,
€.d. B, BC, Ab, Eb; B**, B;k*,

400 © UsAS

- o(pp — X) O(10?%) higher
— require excellent trigger
- High track density

— require dedicated algorithms

event @ BABAR

Tevatron unique place to study large amounts of 55 Mesons.
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B Triggers

Trigger signatures: lepton (e,u) and displaced tracks

e B— J/VX;J/V — uTpu~ = Di-Muon Trigger (CDF+DO)
+ muon provides easy trigger
- small branching ratio

e Semi-leptonic B decays — Lepton Trigger (DO)
+ large branching ratios (~ 20%)  + Displaced Track (CDF)
- missing neutrino

e Fully hadronic B decays = Two Track Trigger (CDF)

+ =~ 80% of branching ratio 104'7:“ 5 I%%!lﬁdrﬁs
- requires displaced track trigger L g0 beamspot
pnmar%é 6000
g secondary vertex zzzz:

impact parameter SVT d, (um) —p.ai21



[1] 41 u LE | (]
€3 = MEALT) - MiAL) - M, [Gevic”

o Bivwd oy
e U e | e

— i

Ty, —+ iy M

CDF Prefiminary T
E.m—:rp‘p' 2 E CMLLCHIL
-
£
i
£
sitseband oo aidnbiand
sideband ", aidebs
E | COF Preliminary | O
"™ et EE i
“-ng rf L =210 pb

'1 ﬁ "n

——
COF il Preliminary 1.9

).

MM oy
IF Bpn

B=g
— Rt

TR P B R

il ‘
""‘1-..._- |
ui
"""'i-._-_l
LT 84
Mh'l "-'-'I'l-p:.;.?: -0
E -0
7 ;
-
}. cup combir
wirsioe E

——




COF Ptallmtnarr

i T80 ph jdsf i
" Y 5 CML-CHL By
a ] ] 1-1|
= 23 "
: _: J""I:l Thll
w E g :If't - '“"m.:l...n
i M. I
Ve | siebend | S5, sidebang iof -II /
.'.I ! ! .l
— Todal Fli J 5
B =i /
i bt M

; COF, Praliminary .l_ U =.|.__
[® I
. L=210pb" el

e 3, Mixing Analysis

e CP violation in B mixing - AI' & ¢




B¢ Mixing

Vts th

Access to fundamental SM parameters
A _ G%‘ B 2 M2 g m? VXV 2
Mg = g.2TBM B, Bszs W (%N ts b

Hadronic uncertainties are canceling out

Ams — Mpg 62’%5’ — —
Amy mg, V34l b S

»
Prerequisite for time dependent CPV %<
S b

Possible contributions from “New Physics”
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B. — B, Mixing Analyses

opposite side signal side T

‘/. """" i Bg K+
- b hadron (e L3 ]
PV: T
l L xy ‘HK
- > ~
o N

1) B, reconstruction/selection
2) Proper time measurement
3) Flavour tagging (main challenge at hadron colliders)

Time dependent asymmetry:

- N(1 mixe —N(t unmaixe
A(t) = Ngtiunmieﬁg\f)(t)mmj = D cos(Amyt), D =1—2Pistag
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B Mixing is extremely fast!

Mixed Asymmetry

[B, mixing Amg= 0.5 ps? significance:
1B, mixing Amg= 20 ps™

_\\ﬂk | SeD? S —(Amszgct)2
: | 2 S+DB

Requirements

0 25 5 75 10
proper decay time, t[ps] e High vertex resolution

e High momentum resolution

e Many signal events

e Good tagging performance
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Hadronic B, Channels

CDF Run Il Preliminary L=1.01b" Golden Channel
I —— data

N2 4001 — fit <

> BY - D! /K
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Hadronic modes selected by Two Track Trigger!
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CDF Run Il Preliminary

L=1fb?

10000

2

candidates(ger 2 MeV/c
(@]
(@)
o

- data

— fit

E‘; signal

— false lepton & physics
---- D" reflection

comb. bkg.

0oL~
B, - I D(K'K) X

High statistic, low proper time resolution: ¢t = L;f’r

2.00 )
D, mass [GeV/c]

B, — £D_. X Decays

~ 61.500 semileptonic B4 decays

CDF Run Il
I allB? - DY) v
10 |- e 20<my, <3.1Gevic? |
N 43<m, <45Gevic? |
(2R 2
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Flavour Tagging
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" Same Side Tagging
b _
b
S/d} BS/d
Opposite Side Tagging ( g,a} o
u

eD? = 1.8 % &
“
eD?(had.) =3.8%, eD?(semil.) = 4.8 %
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itude
=

Ampli

Amplitude Scan

2

| - datat 1o O sensitivity 31.3 ps '
51 -~ 16450

17? I datatx1.6450 i+ ‘ A,.M\

data + 1.645 o (stat. only) ] V
o5\ l
A Ry
L ~»

-1
~1.5]
25 10 15 20 25 30 35
Amg [ps”]

Probability of fluctuation < 8 x 107% — > 5 ¢

Amg =17.77 + 0.10(stat.) + 0.07(syst.) ps—!
(PRL 97, 242003(2006))
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All events with

tagging dilution > 10%

0.4

o
N

Raw asymmetry
o

O
N

-0.4

¢ Data
Unbinned fit

0O 0.002 0.004 0.006 0.008 0.01

proper time mod(17.77 ps']) [cm]

Is This Visible?

Weighted events

(tagging dilution, o, S/B ...)

Fitted Amplitude

CDF Run Il Preliminary L=1.0fb"
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unbinned likelihood fit
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Result on | Vial /| Vs

autumn '06
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Vial/|Vis| = 0.2061 4 0.0007 (exp.) T oocs (theo.)

(hep-ex/0702049)

consistent with direct measurements - dominated by theoretical uncertainties
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Mixing & CP Violation

Vib Vis

flavor eigenstates B & B # mass eigenstates By & B,

1) Am=mg-my; U

2) AI'=1"; -I'y

3) CP violation in mixing: ¢

if = 0 — mass eigenstates = CP eigenstates
CP(Bp) = +1(CPeven), CP(B) = —1 (CP odd)

SM prediction: AI' =0.10 4 0.03 ps—!, ¢ = -0.03 £ 0.005 (hep-ph/0406300)
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B, — J/¥¢

P — V'V decay: polarization states = CP eigenstates

Ap: S + D wave — P even
AH: S + D wave — P even
A|: Pwave — P odd
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without C' P violation:
B, — CP even
Bs,H — C'P odd
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ATs =0.076 7503 (stat.) + 0.006 (syst.) ps~?

05 = 0 (fixed)

CDF Il Preliminary L=1.7 fb™

r'q; 0.6 Theoretical Pred.: (hep-ph/0612167)
Qo Ur Ar=(0.096+0.039 ps )cosg,
. . |_ - — Standard Model
e With tagging, expected x 1.5 S 0.5[ confidence Region
|mprovement Oon uncertainties oal 95%
AT — 90%

e Still 4 X more data ahead
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B Physics @ the Tevatron

Triggers crucial for any physics @ hadron colliders

Very successful B program in challenging environment:
e Amg=17.77 + 0.10 (stat.) & 0.07 (syst) ps ~*
e First measurement of the mixing parameters Al' and ¢
e Observation of B hadrons: =y, 2, B, \p, B.", ..

Hadron colliders are precision measurement experiments

Further interesting results expected with up to 6 fo~1
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Backup



CDF versus DO

CDF
e Two displaced Track Trigger (TTT) Eorward Mim—drif

Chamber .

| | Forward Scintillator |

| Central Scintillator
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e Particle ID (dE/dx & TOF) o X,
e Silicon layer close to interaction T N
Shietdifig Y

i

strong in hadronic decays

(m) o

good kaon tagging

sssss

Central Calorimeter (E H)

Central Muon

New, Salenoid, Tragking System L L Lo

Si, Sciff, Preshowerss ° 5 10
(m)

+ New Electronics, Trig, DAQ I
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e Excellent Muon coverage

e High forward acceptance

Forward Calorimeter (E)

Y
\\\ \
FS
Rt /

Time of Flight
entral Quter Tracker

Siicon Vertsx Detector excellent muon tagging

Intermediate Silicon

strong in semi-muonic decays

Luminosity Monitor
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FCNC: Bgq) — pwtp

e SM: no tree level contribution, loops strongly suppressed
BF(Bs — putpu~) =3.5x%x 107"
BF(Bg — p ™) =1.0x 10710

G. Buchalla, A. Buras, Nucl. Phys. B398,285

e SM extensions predict up to X 1000 higher rates
Each signal would be hint to new physics!

TEVATRON BR(B,—>y*v) Projection

CDF results (1.9 fo—1):
BR(B, — puTp~) <5.8x107% @ 95% CL
BR(By — pup~) < 1.8 x 1078 @ 95% CL

BR(B,—u"w)
S

10® =

DO results (2.0 fo~1):

SM Prediction

BR(Bs — ) < 9.3 x 1078 @ 95% CL Vi

10-9||||||‘ IR
1 10

Integrated Luminosity (fb")
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