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B Physics at Hadron Colliders
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Tevatron
* Energy 2 Te\V i 14 TeV
% b cross section ~100mb ~500 b
> ccross section ~1000nb ~3500 nb
> b fraction 2x103 6x10-3
© Inst. Luminosity 2x103 >2x1032
: Bunch spacing H > n 25 ns
- Int./crossing <& £ >
© Luminous regio &3 cm

L

" .
SgIe CIrOSS sections

Fi.i‘;gering is an issue
SlER=Radrons produced (B, B, B, b-baryons)

L
L
FPCP 2003

K. Honscheid
Ohio State -




Detector Reguirements

pp interaction flavour tag

primary
vertex

B decay distance B momentum
A
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proper time: t
eTrigger, triggeJﬁ Tige
e\ertex, decay dis

eMomentun
*PID
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Forward vs. Central Geometry

______________________________

_______________________________

Multi-purpose experiments require LT i
large solid angle coverage.

Dedicated B experiments can take |
advantage of eals o

eta of B-hadron



The BTeV Detector
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Pixel Vertex Detector

e Superior signal to noise
e Excellent spatial resolution -- 5-10

microns depending on angle, etc 11 - —
° Very Low occupancy The BTeV Baseliline Pixel Detector

Doublet position
=49 I'Y faSt along beam
e Radiation hard

______________

|t is used directly in the L1 trigger
e Pulse height is measured on .

every channel with a 3 bit FADC
- It is inside a dipole and gives a Beam hole

Eleve~*— " -w
10 of 31 Doublet stations
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The Pixel Detector |1

Half-Station Assembly

128 rows x
22 columns
S0 wm UUI I l D@ gﬁ@l I IS’;| Sensmrmaduie
kel
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Simulated B Bbar, Pixel Vertex Detector
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L1 vertex trigger algorithm

? Generate Level-1 accept if z 2 “detached” tracks in the BTeV pixel detector
satisfy:

£2 Q2F (Gevrcy:
b3 N®
b£Q2 cm B'megoi

.l'r.
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Level 1 vertex trigger architecture

0 j /‘.
.

\"\1

/

"PGA segment trackers \
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Switch: sort by crossing number

track/vertex farm
(~2500 processors)

A\ 4 A\ 4 A\ 4 A 4 Y Y Y Y

Merge

Trigger decision to
Global Level 1
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Efficiencies and Tagging
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The Physics Goals

. -

Wy

© There is New Physics out there:
= LE

o

© B Experiments at Hadron C ‘
£ Perform precision measureme
small model dependence.
> Search for New Physics via
> Search for New Physics
: Help interpre_t ne _J#
> Complete a broac
> i -: processes, B's, polarization, Dalitz plots, QCD...
leptonic decays including L,
w quark Production
o Structure: B(s) spetroscopy, b-baryon states
| * B, decays
| -
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Importance of Particle Identification

A

Qoo -

BTeV RIC

i . % f
200 ~

400 |

=]
Cherenkov angle {mrad)

/ s
P ; -
57 :
25 : =l . W~ o H
b R :-
5.1 5,15 &z 5.25 5.3 5,55 5.4 5,45 5 R 200 .: G
— Gev et ;r a-s
r C4F1G ]
0 of 1 '| 1 1 II 1 1 i f i -I-I : I
a 10 - -
Momentum (GeV/¢)

FPCP 2003 _' . o
K. Honscheid - A e
Ohio State



Measuring a Using B°® rp ® p*p p°

© A Dalitz Plot analysis gives

both sin(2a) and cos(2a)
(Snyder & Quinn)

© Measured branching ratios are: Nearly empty
© B(B®r%)=~10° S, (r polarization)
e B(B°®r p* +r*p) = —3x107 e,
2 B(B°® r°%° <0.5X10=

€ Snyder & Quinn showed that
1000-2000 tagged events are
sufficient

Dalitz Plot for B°® r p
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Our Estimate of Accuracy on a

€ Geant simulation of B°® rp, (for 1.4x107 s) <M e

a(gen) Ryes Rron a (recon) Da

77.3° 0.2 0.2 77.20 1.6°
77.3° 0.4 0 77.10 1.8°
93.0° 0.2 0.2 93.3° 1.9
93.0° 0.4 0

93.3° 2.1°

0.2 0.2

111.7°0 3.9

0.4 0.2 110.4° 4.3°

11200
minimum c2
Example:
14 Eo.14 1000 B°® r p signal + backgrounds
. OIZE [/ ON With input a=77.3°
.08 0.08
08 0.08
04 0.04
2 0.02 .
756 78 80 TN
o e non-resonant resonant o

K. Honscheid
Ohio State

non-r p bkgrd non-r p bkgrd



Rare b Decays

© Search for New Physics in Loop diagrams

2 New fermion like objects -
in additionto t, c or u W

% New Gauge-like objects
in addition to W, Z or g l
9

© Inclusive Rare Decays including
£ b® sg
< b® dg
& b® st/

€ Exclusive Rare Decays such
< B®rg K'g "l
o B®K*/* e |

Dalitz plot & polarization

L]

Jl
|

P-"
Q.10 0.05

FPCP 2003
K. Honscheid
Ohio State



e )

R

i iy

N\
bWO, calorimeter
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» Photomultiplier readou

 Pre-amp based on C

e Energy resol

n re

granularity g
Block size 2.7 x 2.7 X 22 ¢m?
~23000 crystals

o
>
6 mm/~/E A217mm

Constant t

Stochasti
* Positia

-

e Can the detector survive the high radiation
e Can the detector handle the rate and o
e Can the detector achieve adeguate a

» Developed by CMS for use a

e Large

Electromagnetic Calorimeter
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PbWO, Calorimeter Properties

i

ﬁ_.

Property Value - Value
Density(gm/cn?) 8.28 yseblock size| 2.7cm X 2.7 cm
Radiation Length(cm) 0.89 k Length 22 cm
Interaction Length(cm) 22.4 diation Length 25

Bl Anl=e=YAT =5 | 220 | Front end Electronics | PMT

(3components)  15(60%) [y il
(000 | Energy Resolution:
Refractive index ' | Stochasticterm
Max of light emission  440nr Constant term
Temperature - vl Spatial Resolution:
Coefficient (%/°C)
Light output/Na(Tl)(%
Light output(pe
Into 2" PMT

Outer Radius

Tota Blockg/arm

+/-9.8cm (X,Y)

1.6% (2.3%)
0.55%
s =3526nm/~/E
A 217nm

140 cm--215 cm
$ driven
11,500

v
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Electromagnetic Calorimeter Tests

China’s Shanghai

FE00
0.1 %
+0.2%

I

e
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15 25 30
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Muon System

€ Provides Muon ID and Trigger

= Trigger for interesting physics 000000000 C

© Check/debug pixel trigger supportribs  gas manifold

© fine-grained tracking + toroid
© Stand-alone mom./mass trig.
2 Momentum “confirmation”

€ Basic building block: Proportional
tube “Planks”

toroid(s) / iron <=—

track from IP / \ 2.4m
half
\ s height

To beam center _1lm . I m 30

i
3
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Polarization in B°® K*°n*n-

€ BTeV data compared to Burdman et al calculation

——

AI| et. a, hep-ph/9910221

2 4 6 8
c s [GeV?]
various supersymmgfr'
(Ali, Lunghi, Greub & Hiller
o ‘for K*¢* /-, enough to determine if New Physics is present

i - V)



Summary

© Heavy quark physics at hadron colliders pr
unigue opportunity to .

L h .
% measure fundamental parameters of the Stand
only small model dependence . Paci

1 -\.._-

% discover new physics in CP violating amy

% interpret new phenomena found else:
T

© Some scenarios are clear

= !
—

=) This program _re_'-' =
BTeV with

<> an efficient, b

> a superb char
> good pé

> excell

.
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Physics Reach (CKM) in 107 s

arameter Error or
: (Value)
g- 2c 8°
X (75)
sin(2b) 0.017
cos(2b) ~0.5
g 130
sin(2c) 0.024
a ~40
# of Parameter Error
(x10) Events
12.1 4,600 1 <40 +
18.8 62,100 20 g Theory err.
e 2| | Bo® ptp 4.5 14,600 3 | Asymmetry 0.030
Ohio State BO® K* K- 17 18,900 6.6 | Asymmetry 0.020 |
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A simplified trigger comparison

High p,, high E.

Impact parameter 1 MHz 1.6 MHz
Decay topology 80 kHz
Physics algorithms 40 kHz
To tape 200 Hz 4 kKHz
" Rate of events with visible collisions

ATLAS CMS
Muon trigger 40 MHz 40 MHz
Jhy— t, D~ ¢n, B-> n'w 23kHz
Physics algorithms 1 kHz 4 kHz
To tape 10 Hz 10 Hz

From U. Egede
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Pixel Test Beam Results

Pixel Resoclution

FPIX0O

]

Hesclution

® "7 bitm ADC

&2

e, channel R befora and Aftar

No change
after 33 Mrad
(10 years, worst

ﬁ ﬂ% 500 nsfdiv 2.235455 us 202y

0.1

0.2 0.3 0.4 0.5 0
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Track angle (mr)

Analog output of pixel amplifier before
and after 33 Mrad irradiation.
0.25mCMOS design verified radiation
hard with both g and protons.



Forward Tracker
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HPD Schematic for BTeV RICH
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LT S Sl i S Y
2 LS S T R S

i | i | | Pulse Height from

46

163 pixel prototype
HPD. Note pedestal,
1, 2, 3 pe peaks
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Prop Tube Planks

© Basic Building Block: Proportional Tube “Planks™

= 3/8” diameter Stainless steel
tubes (0.01” walls)

= 30 m(diameter) gold-plated
tungsten wire

O RS S5 \“\ AT
e o A ‘Q& \ ‘?‘ '
ny . R A S A LT o R A T W, SR AN, T Ay

> Front-end electronics: use
chips, modified End View

card
= Try “DO fast gas”

or support ribs gas manifold

T
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Plank Cosmic Ray Tests
I

Cosmic Ray Test Stand

FPCP 2003
K. Honscheid
Ohio State




BTeV Data Acquisition Architecture

-

=i

BTeV detector

7.6 MHz | 800 GB/s

Wy

-

Level-1 gy

Pl Limuon [P

Pl Livertex

Global
Level-1

: 1 - Information Transfer GL1 accept
L 1 rate reduction: ~1/100 S Ry
- B
£ L Req. data for ITCH
| Vg ) crossing #N
. : 1 Crossing #N| A&
Level 2/3 Crossing Switch I .
s Wemm|mmamn=
[ | Level-2/3 Processor | ;
. )| Farm :
L2/3 rate reduction: ~1/20 2 ;
] escsesooae *® o [#m- i
— #m E
Level-2/3 Buffers :
s ™ Vv acoept

Data L ogging

=
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