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Physics Goals

@®BTeV isdesigned to search for physics beyond
Standard Model and make precise measurements
of SM parameters.

® The important measurements to make involve
mixing, CP violation and rare decays of hadrons
containing b or ¢ quarks, especially:
¢ CPviolation in B° , B, and D° mesons.
¢ B_, mixing and DG,
¢ Rare b decays.
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A window to new physics



The CKM Matrix and Phases

® The CPviolation in the SM
originates from quark mixing.

ds s uc o
® The Unitarity of the CKM ,Jlﬂi—f“\‘m v m\f:__f"__‘,f
matrix allowsusto construct 6 €% VeV VisVa
triangles, the most common
beauty triangle isthe bd triangle. n t
VoV ) VoV
® The primary goal isto measure Com T, e Ay
CKM phases: a, b, g, c. VoV T Voo Vil
@ It isasoimportant to measure
the lengths of the sides Pd Vg ViV
(mmnl tUdeS) . 1""'rl i l'.uvl :1 Vl‘ lJvtE VL(I""FLJLT vl |JVl |l§
@ It isimportant to remove the 4- ! v
fold ambiguity generated by

Constraint: a-+b+g=p

Sin(2f)®f.



Required Measurements for CKM Tests

Physics Decay Mode Vertex K/p gdet Decay
Quantity Trigger sep time s
sin(2a) B®r p® p'p p° v v v

sin(2a) B® p'p” & B® KK’ v v v
cos(2a) B®rp®pp p° v v v
sgn(sin2a)) B®rp& B°®p'p v 4 4

sin(g) B® DK v v v
sin(g) B°® D°K" v v

sin(g) B®K p v vV

sin(2c) B® Jyh¢ Jyh v v v
sin(2b) B°® Jly K

cos(2b) B°® Jy K* & B® Jyf v

Xs B® Dsp_ v v v
DGfor Bs B® Jyh¢ KK D v v v v

The BTeV detector is unique that satisfies al these requirements.
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A Forward Detector at pp Collider

Forward region, 10 - 300 mrad, 1.5<| h |<3.5

The higher momentum b b production peaks at large
areat larger h angles with large bb correlation
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The Tevatron asb & ¢ Source

L uminosity 2" 10*cm’s*?
b cross-section 100 pb

# of b-pairs per 10" sec 2" 10"

b fraction 1/500

C Cross-Section >500 ub
Bunch Spacing 132 ns
Luminousregion length| s,=30cm
Luminous region width |s, ~s, ~50 um
| nteractions/crossing <2>
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The BTeV Spectrometer
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The BTeV Pixel Detector

© Provides extremely high quality

precision space points for vertex
reconstruction, whichareasousedin - 30 2-plane pixe
the detached vertex trigger. stations

© Reasonsfor pixel detector:
¢ Superior signal to noise.
¢ Excellent spatial resolution (5-10 nm). 425em,/ —; |
&
)

Very low occupancy. v
0.5cm

Radiation hard.
* Very fast. IS cm

© Special features: —_—
¢ Directly used in the level 1 trigger. 12mmx12mm

¢ Pulse height is measured on every 10 cm
channel with a 3-bit FADC.

¢ |tisinsdeadipole and givesa
standalone momentum. 9

\

Pixelssizee 50 nm~ 400 nm
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Performance of the Pixel Detector

Spatial Resolution from
Beam Test 1999
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Ring Imaging Cherenkov Detector
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Cherenkov angle ( mrad )

S

-
(=1
T

B

L epton Identification Using RICH

@ While the full detector aperture is 300 mr, the acceptance of
the electromagnetic calorimeter and muon detector isonly
~200 mr.

® The RICH, however, has both e/p and mip discrimination
at low momentum. The wide angle particles are mostly at

low momentum!
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Electromagnetic Calorimeter

@®EM caorimeter for g/p° reconstruction and electron ID.

©10,000 PbWO, crystd (rad hard) with PMT readout

®Lateral size: 27.2" 27.2mm? (front), 28" 28mm? (back), Length 22cm (25 X,)
@®Resolution: s /E=0.8%for gin B® K*g, s,, =2.6MeV for 10 GeV p°.
@ Sample crystals tested in a beam at Protvino.

4
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Detached Vertex Trigger

< ldea: findsthe primary vertex, selects events

that have additional tracks miss it
< Requirement: at least 2 tracks detached by more <
than6s P 1% minimum bias at level 1 trigger.

< Refined reconstruction at level 2 and 3.
< With 3-level trigger scheme, theeventrate: 7.6 MHz b 3 kHz
< Efficiency: (after the other analyses cuts)

State efficiency(%)| State efficiency(%o)
B® p'p 63 Bo® K*p 63
B.® DK 71 Be® Jy K, 50
B-® DoK- 70 B.® JyK* 68
B-® Ky 27 B°® rop° 56
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Physics Reach (CK M

in 107 s

Reaction B (B)(x10°9) | # of Events Parameter | Error or (Value)
B°® p*p 4.5 14,600 Asymmetry 0.030
B® D K" 300 /7500 7 g 8°
B®Jy Kg ay @ri- 445 168,000 10 sin(2b) 0.017
B® D p 3000 59,000 3 X (75)
B'® DO (K"p) K- 0.17 170 1
B"® Do (K*K") K- 1.1 1,000 >10 g 13°
B®Kgp 12.1 4,600 1 <4° +
Bo® K*p” 18.8 62,100 20 g theory errors
Bo® r *p 28 5,400 4.1
BO® r op° 5 780 0.3 a ~4°
B® Jy h, - 330 2,800 15
B®Jy ht 670 9,800 30 sin(2c) 0.024

~Critical check m
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Critical ChecksUsing c

@ Silva & Wolfenstein (hep-ph/9610208), (Aleksan, Kayser &
L ondon), propose atest of the SM, that can reveal new physics,
It relies on measuring the angle c.

¢ BTeV can use CP eigenstates in B, decay to measure c, for
exampleB® Jy h(¢, h® gg h® rg

¢ Can also use Jy f, but need i %} Wy
acomplicated angular analysis 5 W
¢ Thecritical check is H\'E} 1

¢ Veay sensitive since | =0.2205+0.0018

¢ Sincec ~ 0.03, need lots of data
16



Rare b Decays

@ Senditive to high mass gauge bosons and fermions. It is a good
place to find new physics.

@ Exclusive Rare Decays such as B® r g, B® K*/+/-: Dalitz plot
& polarization

@ Inclusive Rare Decays such as inclusive b® g9, b® dg, b® s/+/¢-

Reaction B (109 | Signa | 9B | Physics
W‘ /Y ear

B°® K*ontm 1.5 2530 | 11 | polarization

& rate
b_, t’c’u\:’dh- B-® K-mm 04 | 1470 |32 | rate
g/

b® sntm 5.7 4140 | 0.13 | rate: Wilson

coefficents
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MSSM M easurements
(from Hinchcliff & Kersting hep-ph/0003090)

@ Contributions to B, mixing

: — B® Jyh
= »— W > 2 c
_ t,c,u teus - th Xt - b C} J/\V
5 b S ‘ I ::_ 1 _‘_b g W..
W o7 <y

CP asymmetry » 0.1sinf cosf ,sin(Dm.), ~10 x SM

Contributions to direct CP violating decay

W P4

B®fK" %ﬁ%*:}q)

u

e 4ﬁ} K <5

Asym=(M /Mg, i )°sin(f ), ~0inSM 1




Reconstructed Events in New Physics Modes:
Comparison of BTeV with B-factories

Mode BTeV (1079 B-fact (500 fb1)
Yield Tagged | SB | Yidd Tagged | SB
B® Jy h@ 12650 1645 |>15 - -
B®fK" 6325 6325 |>10 | 700 700
Bo® f K| 1150 115 | 5.2 250 75
Bo® K*mim 2530 2530 11 ~50 ~50
B® ntm 6 0.7 |>15 0
Bo® ntm 1 0.1 |>10 0
D™*® p*D°, D°® Kp* ~108 ~108 |large | 8x10° |8x10° |large
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Specific Comparisons with LHC-b

Yieldsin two final states

Mode BR BTeV LHC-b
Yield S/B Yield SB
B® D K- 3.0x10 7530 | 7 |7660 | 7
B® r *pr 2.8x10° 5400 | 41 |2140 | 08
BO® r op° 0.5x10° 776 | 03 |880 |notknown

20




Status

® BTeV received a second unanimous approva by the Fermilab
PAC (4/2002).

PAC Recommendation

“ ... BTeV has designed and prototyped an ambitious trigger that will use B
decay displaced vertices asits primary criterion. This capability, together with
BTeV' s excellent electromagnetic calorimetry and particle ID and enormous
yields, will allow this experiment to study a broad array of B and B, decays.
BTeV has a broader physics reach than LHCb and should provide definitive
measurements of CKM parameters and the most sensitive tests for new physics
In the flavor sector.”

©® Detector costs have been reduced from ~180 M$to ~110 M$
(includes G& A and 30% contingency). Full “Temple” review
In 9/2002.

@ P5 or equivalent review for DOE in Fall 2002. "



