


B Physics Today
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Surprising B Physics

Year Item Theory Prediction

1983  t,

1987 Be-B°
mixing
2001 sin(2b)

>1011 b hadrons

(including B,)
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B Physics at Hadron Colliders

Tevatron

> Energy 2 TeV
£ b cross section

? C Cross section

> b fraction

> Bunch spacing 1
] i
: Int./crossm .

riggering Is an issue

| All b-hadrons produced (B, B, B,, b-baryons)
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Detector Reguirements

pp interaction flavour tag

primary

VELieX [ decay distance B momentum
A

=

.
proper time: t

-Vertex, decay d |

eMomen im
PID
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CDF and DO

,

hadron collider. SATEEAY B

New for Run Il
2 TOF (Particle ID)
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B

CDF pioneered B physics at cs 01 S B

© Improved tracking
DO enters B physics |
New for Run Il [ L bt
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Intermediate Silicon
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©  Tracking
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Atlas and CMS

Magnets:
.+ toroid
"+ solenoid

L~46m,R~11m

Ih] <2.5

ATLAS v.limited p-K
separation, ~0.8s from
TRD

Special pixel B layel -
R—~5cm o .

| o'n_ly 100 evts/s to
| - tape for ALL physics From N. Harnew
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Multi-purpose experiments require
large solid angle coverage.

Dedicated B experiments can take e
advantage Of NG | : =

eta of B-hadron



LHCb Light

= No tracking stations in magnet region
= Reduced material budget

M2

O (frlnge) magnetic field in tracking station(s) HCAL
: 1 T3 RICH2

1?1([5[ L

ELAL
MI
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The Importance of Particle ID

For example: B-=> p*p-

2250 T T
3 =
% 7000 @ 2000 7
= = With RICH

Q —

E 6000 &~ 1750
~ T 1500 | -
.E" 5000 _g' BO ® h+h-
® 4000 g 1200 s ~17 MeV
|-|=j W 000 | E

i ]

5 505 51 515 5.2 6525 5.3 6§35 5.4 5,45 5.5
. 2

Invariant mass [ GeV/c" ]

Purity = 84% ; Efficiency = 90%

0

5 50551 515 5.2 525 5.3 535 5.4 5.45 5.5
) 2

Invarlan-trmass [ GeVic™ |
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The BTeV Detector

Detached Vertex Trigger

e Find the primary vertex

e ldentify tracks which miss it

e Calculates the significance of detachment
e For EVERY crossing

7" bbs,

\\
.;;' S(p->gy — 5 meV

—_— s

””‘Ilﬁllllzlﬂll \ 5 o o 2
Energy,GeV

CLEO/BaBar/BELLE-like performance
in a hadron Collider environment!
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Jetector

e 60 pixel planes
* inside magnet

®S

=5-10 M




} = u1|y S|mulated bb even t'using Géant 3 P 5
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Efficiencies and Tagging

€ For a requirement of at least 2 tracks detached by mo )
trigger on only 1% of the beam crossings and achieve
efficiencies for these states (<2> int. pe I C

—\m effncnency(%)

» e© efficiency; D ° Dilution
Effective tagging efficie
Extensive stud for

> Opposite si:
- Jgtn,g_l 18

‘."\

.
Wl > Conclusion: eD? (B°) = 0.10, eD? (B,) = 0.13
K. Honscheid

Ohiostate difference due to same side tagging)




The Physics Goals

© There is New Physics out there:

)
=

= . Ty
© B Experiments at Hadron Col
% Perform precision measure
small model dependenge b

> Search for New Phy o--
> Search for New P _.' =
> Help mterpret New

£ Complete & bro; ?
= l f ay processes, B'’s, polarization, Dalitz plots, QCD...

eptonic decays including L,

¢ b & c quark Production

o Structure: B(s) spetroscopy, b-baryon states

-+ B, decays
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Part 1: Is the CKM Picture corr?_c_t’?

a'
€ Use different sets of measurements to define apex of triangle

(adopted from Peskin)
€ Also have g (CP in K_system)

BY->»pn

Magnitudes B, mixing phase

:‘11‘5)%

M. Can also measure g
< viaB'® DoK”
sl
Q
7
faal
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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:
® B(B®r%)==103
e B(B°®r p*+ r'pi) = SXi= | j',.._*'
2 B(B°® r°p°®) <0.5x10°® e .

> Snyder & Quinn showed th.
1000-2000 tagged ev

sufficient - "
- "F'.

» Not easy to
o (i reconstr ’

N()'!: ‘. x,

.
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Our Estimate of Accuracy on a

€ Geant simulation of B°® r p, (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
T non-resonant resonant o

K. Honscheid
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B, Mixing (Vy/V;.)

@ where C can be calculated inside the S.
© CDF sensitive to x, ~ 30 '

CDF Run Il Preliminary
[ B, —= Jlud

L=70pb’

-e-data

c=(Sig)
c=(Bkg)

Fit prob: 97%

-
=
rE
|

candidates per 50 um
=)

Fit to B lifetime.

{ - O T T T T T T T T T
-0.1 0.0 0.1 0.2 0.3 5 10 15 20 25 30 35 40 45 50

B, mixing parameter, x

© DGG: B>y f seen
Expect s(DGG ~ 29

b
G &
|. H

@€ BTeV reaé 1S ¢
in 3.2

" C
~
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lime FRequired Tor 5o Significance ([ Tears)

s REACH Of Bley

'

Peak Luminosity
= 2x10%/cm*/s




One of several ways to determine g. Bq® DsK*

 Theoretically clean, BR ~ 104

150

| al ig

-._-l"IIIT

e 162 Tl 1.6 166 2 5oz 204
CIPANP2003 Dsmass (GeV)
K. Honscheid "ln,.
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C from B, ® D K*, D* K (ll) Needed:

v Hadronic trigger

v K/p separation

r v ti
Q From the measurement of 4 time-dependent rescc;)?u?c?or?roper 'me
asymmetries one gets @ o,

O 2 same order tree level amplitudes (M1 ®) ==
large asymmetries, NP contributes unIikgI‘y

. Sensitivity depends upon

o

e relative amplitudes

ry
ha
[=}
[=]

_ Wis-ox | © strong phase difference
000 - [1B,— D, 1 e values of o} Dms’ DC:‘!;/C;'5

] For Dm =20 ps™:

Events / 20 MeV/c
[+
e

Events / 20 MeV/c

Il R : s(g) ~ 10
] h' j 200 |- ]
L . , ! For Dm=30 ps:
05552553 5.35 5.4 545 55 555 56 5.5525.7' 0. =5 = 54 r =
Invariant mass [ GeV/c” ] Invariant mass [GeV/cz] S (g) —~ 120

=
L
-

In one year: 8k B® D/*K* reconstructed events

CIPANP2003
K. Honscheid

LHCD
Ohio State |
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Measuring C

—1-

-

© In the SM the phases and magnitucde _Ié

.. Ialn
U

- t . . .

'H+ )
~ Silva & Wolfenstein (hep-ph/9610208)
Aleksan, Kayser & London

€| =|V,| = 0.2205%

€C is the phase
© Good: By
€ Better

| ® Jly hi¢, h® gg ht® rg
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Measuring C 11

© BTeV can reconstruct h and h’

dm—h ey | [

FH s R | 1 L 1
0323 .33 (1575 (93 l (93 |
Ty mass (Ge ) i x4 mass (5eV T Ty mass (e

© Yield in one year
= .1_1 0 events with S/B = 15
e h¢ 9,800 events with S/B = 30
)n sin(2c) = 0.024

2° a precision measurement will require a few years.

L

| e
"

CIPANP2003

K. Honscheid .
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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
L 4,600 1 <4° +
18.8 62,100 20 g Theory err.
ciPaNP2c03 | B® p*p- 4.5 14,600 3 | Asymmetry 0.030
Ohio State BO® K* K- 17 18,900 6.6 | Asymmetry 0.020 |




B. mesons

® CDF: mg, = 6.4 +/- 0.4 GeV
tg. — 0.5 ps
© BTeV/LHCb: Precision
measurements of mass, lifetime

© Search for CPV in B, -= Jly D+
or B, -> D.D o

LHCb preliminary study

S(pp® B, ~300 nb b 10°B_/ year
B.® Jy p (BR~107?)

(R NR:

e~2% C——> 12k events/year

8

8

Background from B® J/ly X and prompt
JIy reduced cutting on the distance

between primary vertex and B_ vertex
e - M(Jly (m) p) GeV/c? LHCD

Ohio State

o %

5.8 & 51 82 535 &4 A5 58 &7



Part I1: Search for New Physics

=
i Mixing
Decays
new physics, Y new models

found 1stin of GUTS &

either place; flavor

specified in both SO(10) etc;
Flavor Symmetries
in Extra Dimensions

v

Qf’&Rare

b & c decays
> 100 papers

giving examples

Other
b & c¢ physics

- ." overview see: S. Stone “BTeV Physics” at
) ~ http://doe-hep.hep.net/P5StoneM arch2003. pdf



First Example: Supersymmetry

New Physics

Difference
P NP

sin(2b) | sin2(b+q,,)
sin(2b) | sin2(b+q,+q,) D

0 ~sin(f )

i~ 7

New Physics

CIPANP2003
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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

CIPANP2003
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Yield, S/B for Rare b Degas

Physics

11 Polarization: Rate
3.2 Rate
0.13 | Rate;

Wilson coefficents

CIPANP2003

K. Honscheid
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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
e ‘for K*¢* /-, enough to determine if New Physics is present

i - V)



Rare Leptonic Decays

BL® ntm

full tracker

¥

' Model BR ~ 4x10-9

o = 45.8 Mev
i F
' e.GeneraI Purpose Detectors

have an advantage : high p; di-muon
: |gger|ng at high (1x1034) luminosity.

]
o

' CMS : 100 fb? (107s at 1034 cm-2s)
e %0 —26 signal events

_-M ey mev) | 6.4 events background
b

jger : Search also for B,°® mm
1 pT > 4 GeV Standard Model BR — 1x10-10

CIPANP2003 P ._.._.-' . |;:M5,f

K. Honscheid i
Ohio State L ™
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Another Example: Extra Dimensions

‘ L}

© Aranda & Lorenzo Diaz-Cruz, “Flavor Symmetries in Extra
Dimensions”  (hep-ph/0207059) (Buras et al. hep-ph/0212143)

© Extra spatial dimension is compactified at scale 1/R"
up "

=

-
=R
=

200 400 500

800  BOO 1000
1/R (Ge\

1/R [(GeV)
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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__'.' e B
BTeV and LHCb wi

»

> an efficient, ur
> a superb char
> good pe

> excell

.
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dg (= C) from B, ® J/y f

QInSM f¢=-2dg=- 2l 2h ~10-2

O Sensitive to New Physics effects

in the B,-B, system

In one year: .
109 k events B® J/y (ntm)f f is not CP eigenstate:
19 k events B® J/y (e*e)f B

 needs fit to angular distributions
~ of decay final states as a function
of proper time

3

ww

B

. proper time {

Ll

-
—
9]

E

=
IIIIIIIIIIIIIIIIIIIIIIIIIIII

Events() 0.008 ps )
()]

Assuming Dm =20 ps~':

S (2dg) ~ 2°

o4 0z 03 04
proper time residual (ps)

=
CIPANP2003 3R

LHCD

K. Honscheid
Ohio State
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| Current status of LHCb Physics Reach_in 1 year (2fb™1)

i

Channel

B, ® Iy K, 0 k s(b) » 0.6°

B, ® DK - T apg s(g) »10°
s(g) » 3°

s(a) » 5°- 10°

s(2dg) » 2°

Dm, up to 58 ps'!

umbers will be updated together with more channels
he re-optimization LHCb TDR (September 2003)
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A simplified trigger comparison

High p,, high E.

Impact parameter 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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