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B Physics Today

© CKM Picture okay
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© CP Violation observed

' -

734 +/- 0.054

-



Surprising B Physics

Year Item Theory Prediction
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B Physics at Hadron Colliders

© The Tevatron as b (and c) source N
® b cross section ~100 nb, c cross section ~10::_"'
€ b fraction 2x103 |
© Inst. Luminosity  2x1032 -
TGRS E N EL )| 2x1011 b pairs/year |
© Int./crossing <2> (<6>) Zad
£ Luminous region s, = 30 cm

© Forward Geometry
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The BTeV Detector

RTCH Deatectar Pixel Detector
PbWO, EM Calorimeter

¢ 60 pixel planes
e inside magnet
es =5-10 mm

10500 crystals
220 mm long, 28x28 mm?
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CLEO/BaBar/BELLE-like performance
in a hadron Collider environment!
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Efficiencies and Tagging

© For a requirement of at least 2 tracks detached by more th;
trigger on only 1% of the beam crossings and ach v
efficiencies for these states (<2> int. per

_Imw effici ency(%)

© e° efficiency; D ° -.I-'f '
© Effective tagging efficie
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© Extensive study fc s

© Opposite sign |
> Jet Char
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j— ﬁw 0 cIu5|on eD=(B°) = 0.10, eD? (B,) = 0.13, difference due to same side
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The Physics Goals

© There is New Physics out there:
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© BTeV is in a unique pos on

> Perform precision meas
small model dependen
Search for New Phy iCS
Search for New
© Help mterprql:
© Complete a bro.
> Weak lecay processes, @'s, polarization, Dalitz plots, QCD...
SRSET ‘Epi'.'onic decays including L,
ey & c quark Production
- © Structure: B baryon states
- B_.decays
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Part 1: Is the CKM Picture correct'-’

© Use different sets of measurements to define apex of trlangle
(adopted from Peskin)

© Also have g (CP in K, system)

B, mixing phase

B°—=»pn

; Magnitudes B, mixing phase
4‘5)%

. Can also measure g
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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: Nearly empty
e B(B®ro%) = ~10"3 &, (r polarization)
e B(BO® r-p+ g r+p-) = ~3x10°> ""t":':.
2 B(B°®r°p°) <0.5x10~

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

© Not easy to measure

o
¢ pY reconstruction %ﬁa ¥

Dalitz Plot for B°® r p

STF

© Not easy to analyze
:: 9 parameter likeli



Yields for B°® r p

®©Based 9.9x10° background events
©B°® r tp
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Our Estimate of Accuracy on a

©Geant simulation of B°® r p, (for 1.4x107 s) w

a (gen) Ry Rron a (recon) Da
0

77.3° 0.2 2 77.2° 1.6°
77.3° 0.4 0 77.1° 1.8
93.00 0.2 0.2 93.3° 1.90

93.0°

0.4 93.3° 2.1°

0.2 111.7° 3.9°

0.4 110.4° 4.3°

1000 B°® r p signal + backgrounds
With input a=77.3°

=

0Coo 00

_________________

O B0
noooPan
CDRNEOD=M 4

/B 78 B0
LHC2003 non-resonant o

. Honscheid

Ohio State non-r p bkgrd non-r p bkgrd



B. Mixing (V,4/ V<)

©BTeV reaches sensitivity to x of 80 in 3.2 yearg%;_'i'

g

. Peak Luminosity
4L =2x10"/cm’/s

YK

‘Time Required for 5¢ Significance (Years
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Measuring C

. S
© In the SM the phases and magnitudes are ¢

B L
. T
h

’ !',-' % .
.~ Silva & Wolfenstein (hep-ph/9610208)
- Aleksan, Kayser & London
-
i

@©C is the ph:__a“ |
© Good: B i |

¢ Better:
B.® Jy hi¢, h® gg ht®r g
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Measuring C 11

& BTeV can reconstruct h and h*

d o—h {m

eyt pae | caca L'I 1 " 1
0525 0.35 (.575 nes 1 (.95 I
T () s s eV 7= = mass (V) Tix" w i mass (Gey)

o [ I _F.-.
-

© Yield in one year
2 800 vents with S/B = 15
) f‘ 0( events with S/B = 30
sin(2c) = 0.024
c~20a precision measurement will require a few years.
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Physics Reach (CKM) in 107 s

Parameter

Error or
(Value)
g- 2C 8°
X (75)
sin(2b) 0.017
cos(2b) ~0.5
g 13°
2,800
670 9,800 30 sin(2c) 0.024
28 5,400 4.1
5 780 0.3 a ~40
# of S/B Parameter Error
(x1076) Events
12.1 4,600 1 <4° +
18.8 62,100 20 g Theory err.
4.5 14,600 3 | Asymmetry 0.030
| B°® K* K 17 18,900 6.6 | Asymmetry 0.020 |




Part I1: Search for New Physics

' LHC v
New Particles 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
ot ~ http://doe-hep.hep.net/P5StoneM arch2003. paf



First Example: Supersymmetry

“mm
© Supersymmetry: In general 80 consta

© MSSM: 2 phases (Nir, hep- ph/991132 """
© New Physics in B® mixing: ﬁﬂr [<Te

(ql\ .fl<p
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SM New Physics

Difference
b NP

sin(2b) | sin2(b+qy)
sin(2b) | sin2(b+0g,+0,) p

0 ~sin(f )

L e

New Physics
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Rare b Decays

® Search for New Physics in Loop diagrams

©® New fermion like objects
in additionto t, cor u

© New Gauge-like objects
in additionto W, Zor g l
)]

© Inclusive Rare Decays including
£ b® sg
£ b® dg
e b® s+
© Exclusive Rare Decays such.
© B®rg K'g % |
< B® K*(+/- .|
Dalitz plot & poIanzatg ;,

i;: 3 :'_- .
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Yield, S/B for Rare b Decays

Physics

Polarization; Rate

Rate

0.13

Rate;
Wilson coefficents

i ’




Polarization in B°® K*ontn-

© BTeV data compared to Burdman et al calculation

Dilepton invariant mass distributions
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forward-backward asymmetry - ; 2 4 6 8
discriminate among the SM ar s [GeV?]
various supersymmetric the
(Ali, Lunghi, Greub & HiIIe_, hep-
s | B K enough to determine if New Physics is present
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Second Example: Extra Dimensions__ |

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

e Extra spatial dimension is compactified at scale 1/R = 25t

-
o
>

=R
=

200 400 &00 a0 1000
1/R (GeV)

400 &00 200 1000
1/R (GeV)
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Summary

J'I-'l. 4 L

€ Heavy quark physics at hadron colllders sj,v

unique opportunity to

© measure fundamental parameters of the %
only small model dependence

£ discover new physics in CP wolatmg
© interpret new phenomena found els SeW
TH M

€ Some scenarios are cIe

= This program req jire:

BTeV with 1
£ an eff|c1en$ ;
£ asuperb ag
e goo
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Changes wrt Proposal in Event Yields & Sensitivities

© We lost one arm, |

© We gained on dileptons
© From RICH ID - r ,
£ in proposal we used only m*m1g :ia v W
2 depencq‘

© We gained on DAQ bar
""-. o

© r only, factor = 1.3

a8
i il

e

=

factor = 1.15

ol "'“* ield Yield Quantity Quantity
'. factor one-arm | Err(prop) (eD?) | Err(larm) (eD?)
0.5%3.9* | 168,000 |sin(2b) sin(2b)
1.15=2.24 0.025 (0.10) |0.017 (0.10)
0.5*%2.4* 12,600 |sin(2c) sin(2c)
1.15=1.38 0.033 (0.10) 0.024 (0.13)
0.5*%1.15 7,500 | ¢ g
uHc00s | =0.58 6° (0.10) 80 (0.13)
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