Status of BTeV

experiment at the
Fermilab Tevatron

Stefano Bianco
Laboratori Nazionali di Frascati dell'INFN
For the BTeV Collaboration

S.B. - Status of BTeV@Tevatron - Physics at LHC, June 15t 2004, Vienna



S Outline

1.Physics
2.Detector
3.Status and Schedule

Due to limited time I shall only provide overview of the main
features. Lots more details in recent talks by Sheldon Stone (DOE
CD-1 Review April 2004), Joel Butler (Fermilab PAC June 2004),
Penny Kasper (BEACHO04, Chicago), Harry Cheung (WIN 2003),
Rob Kutschke (Aspen Winter 2004).
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BTaV Detector Layout
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What is BTeV?

= Tevatron p-p collider experiment, at Fermilab:
» Forward spectrometer @ CO interaction region
» Beauty and charm physics:
e Precision measurements of SM parameters
e Exhaustive search for new physics.

= BTeV is a part of broad program to address
fundamental questions in flavor physics.

= Details at: http://www-btev.fnal.gov.
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L &) A Brief History of BTeV

- juhe 2000: Stage I approval from lab.
= Concerns raise about budget.
= May 2002: Stage I approval for descoped (2 arms—> 1 arm) detector.

= QOctober 2003: “P5 supports the construction of BTeV as an important
project in the world-wide quark flavor physics area.”

= (Office of Science — “Facilities for the Future of Science, a 20 year Outlook”
— BTeV given priority 1 among HEP med-term projects

= 2004: DOE — approval process
» Completed reviews for first 2 stages with positive recommendations
> Final schedule and budget profile in the fall.

» DOE requires very conservative schedule — BTeV is still competitive in decay
modes with all charged tracks and dominant in modes with neutrals. (PAC June
2004, P5 July 2004)

= June 2004: Italy’s INFN approves participation to BTeV(~5M Euro for M&S)
= Get CD-2/3 (~Jan 2005) and Start Construction (in President’s FYO5 budget)
= Start data taking 2009
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heia Physics Goals

CP violation in SM is unique, predictive and testable
Almost any extension of SM has new sources of CPV

Measure
> CP violation in B, , B, mixing, rare b decay rates;

» CP violation and rare decays in the charm sector.
§ 2>Recent review on charm physics incl.CPV
» SB F.L.FabbriD.Benson,l.Bigi, Riv.Nuovo Cim. 26 n./-8 (2003)

Precise measurement of SM parameters
Make an exhaustive search for physics beyond SM
» Look for rare/forbidden decays

> Test for inconsistencies in the Standard Model: If found, go beyond
the SM and elucidate the new physics.

If/when new physics is found elsewhere, at the Tevatron or LHC, BTeV
can contribute to its interpretation by looking for impact in B physics.
BTeV is sensitive to phases of amplitudes.

A
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BTaV Detector Layout

\ /ﬁe’ﬁm Key Measurements of the CKM matrix in B Decays

We——
3

Physics Decay Mode
N Quantity
1V sin(2ca) B° = pt = 't~ w°
1 N AV, cos(2a) B° — pm — o w°
A Vep sign(sin(2a)) | B° — pn,B° = ntw~
sin(7y) By, = DK~
sin(7y) Bt - D°K*
0 L P sin(y) B— Kn =
sin(7y) B 7atn,B, - KtTK~
a4 sin(2x) B, — J/yn', J/ym
z = arg| — cs' ch SlIl(?,B) B° — J/'t,bK_,
VY sin(2/) B° — ¢K4,n' K, J[p¢
s ™ 1b cos(28) B° = J/YK*, By = J /¢
T, B, = D~
AT for B, Bs = J/yn', KYK~, Dyr~

About 1/2 of the key measurements are in B, decays. About
1/2 of the key measurements have 7°’s or y's in the final
state!

BTeV addresses these issues.
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= |arge samples of b quarks
e Get ~ 4x10!1 b hadrons per 107s at L = 2x1032 cm2s-1
e efe Y(4S) get 2x108 B hadrons per 10’s at 1034 cm2s-1

= B, A, and other b-flavored hadrons are accessible
for study at the Tevatron
= Charm rates are ~ 10x larger than b rates

Nominal Tevatron parameters :

CMS energy = 2 TeV

Peak Luminosity L = 2x1032cm2s!
Integrated luminosity 1.6 fb1/year
Time/crossing = 396 ns

Interaction region o,= 30cm and &, ,= 50um
bb cross section = 100 ub
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pp—bb+X
The higher momentum b production peaks at large
b’s are at larger n’s angles with large bb correlation

B hadrons at the Tevatron
kLT T T T T ST =l




Requirements: General

= Intimately tied to Physics Goals

= In general, within the acceptance of the
spectrometer (10 — 300 mr with respect to beam)
we need to:
» Detect charged tracks & measure their 3-momenta
» Measure the point of origin of the charged tracks (vertices)
» Detect neutrals & measure their 3-momenta
> Reveal the identity of charged tracks (e, u, &, K, p)
> Trigger & acquire the data (DAQ)

= Detector we designed meets the requirements
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Basics Reasons for the Requirements

= B's (& D’s) are long lived, ~1.5 ps, so if they
are moving with reasonable velocity they go
~3 mm before they decay. This allows us to
Trigger on the the presence of a B decay
(detached vertex).

= B’s are produced in pairs pp—bb+X, and for
many crucial measurements we must detect
one b fully and some parts of the other:
“flavor tagging”

= Physics states of great interest now are
varied and contain both charged modes and
neutrals, B, & B,

A
S.B. - Status of BTeV@Tevatron - Physics at LHC, June 15 2004, Vienna INF;I;;;;:‘.T;




_ More Basic Reasons
= Many modes contain vy, n° & 1, so heed excellent
electromagnetic calorimetery

= B, oscillations are fast, so need excellent time
resolution ~<50 fs, compared to ~1500 fs lifetime.
Also very useful to reduce backgrounds in
reconstructed states

= Physics Backgrounds from <K can be lethal
» B, —D, n~is 15X B.—D, K-
> BO—>K'n—Kntn® IS 2X BO—prn—ntnrP
» Bs —KX coincides with Bd > nXif K e«
» Bd — Kn overlaps Bd — nr

» So excellent charged hadron identification is a
must
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The BTeV detector in the CO collision hall
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o The BTeV Detector

BTeV Detector Layout

12 9 6 3 0 3 6 9 12
meters Ring Imaging
Torcids Magnet Cerenkov

Toroids

beam line

Pixel detector inside
magnet, allows first level

triggering, on detached silicon Strips Muon

vertices, since low p; N Chamber

tracks with large m ﬁ

multiple scattering can _ t Electromagnetic
Pixel Detectors Calorimeter

be eliminated
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BTaV Detector Layout

\ /cmm Summary of Required Measurements for CKM Tests

We——
3

Physics Decay Mode Vertex K/m <ydet Decay
Quantity Trigger sep time ©
sin(2at) B°—prn—n'n v v v

sin(20r) B°—»n'n & B.—K'K™ v v v
cos(2ar) B°—pn—on'nn’ v v v
sign(sin2a)) B°—pn & B’ 4 v v

sin(y) B,—D, K~ v 4 v
sin(y) B°—D°® K~ v v

sin(Y) B—K 7 v v v

sin(2y) B—J/ym’, J/ym v v v
sin(23) B°—J/yK,

cos(2P3) B°—J/yK* & B—J/yd v

Xs B—D,mt” v v v
AT for B B—J/yn’, K'K™, Dt v 4 v oV
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el  Fundamen

= Excellent decay time

230

140 175 [

120 150 I

(b}

resolution il =1\ direct v
> Reduces background o | 7 |
» Allows detached vertex . -

trigger 0 b 4 ST 0

= The average decay distance
and the uncertainty in the
average decay distance are
functions of B momentum:

<L> = vBct,

LHC-b
= 480 um X pg/mg CDF/DO \

region region

BTy

i
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Pixel Vertex Detector

e Low occupancy
 Excellent signal/noise 30 stations,
« Fast readout 4.25cm 435

Excellent resolution (5-10 um

in 1999 FNAL test beam run)

e radiation hard sensors and

readout chips (demonstrated in Beams
exposures at IUCF)

eUsed in lowest level trigger

5 cm 12x12 mm?2
— beam hole

beam Vo - B0 400 }Lmzpixel

A
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The Mirror
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o) Forward Tracking

/7 Stations — Silicon strips and straws

3 views
Momentum resolution <1%
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BTaV Dotecior Layout

TDC Spectra

Downstream Fenker Straws Upstream Fenker Counks vs Eins m
Hit radii ( )

2.0- 2.0- 2.0+ -
0.0- 0.0- 0.0- Straw
25— -2.5- 2,5 Fit L
Hit: Channels 5.0~ 5.0- 5.0~
2 e KN REN 7.5- ResultsCluster
-10.0 - -10.0- -10,0- results Out Converge(T)
125 J12.5- 12.5- new angle arror m C
20,74,120,167 -
£ 15.0- £ 15.0- £ 150 0.0 Jo.00
E oco E 1o = ®-inter  errorb
: : = i |—22‘1a |g‘03 )
L e S e -20,0- Y -20.0- new a chisq,/dof
225 25Ty | el .00 1A%
25.0- 25.0- -25.0-
e 27.5- 275~ Stravs Hit Map of the radii (= v * df)
A0.0- | sround the anods wire centers.
LY =0 -30.0- Hulti Hits sppear a5 concentric circles.
-32.0- f f -32.0-, . - 32,0 - i The blue cireles represent the strave
-111.0 -102. 5.0 0.0 6.0 6.0 &0.0 5.0 boundaries
mnm mm mm
0.0~ Genetal | Commer t
11:32 AM 3/11/04
-10.0- ReadBack Disk. data
just a test
E 1 o ScratchiDataDirectoryfor TestBearnDagq:04:3: 11:
Pause - | i TTTTTERE e e S=o00q pg bones Run_0.dst
no =t YES =
=& 20T | ‘ | | | | . .
PaEs e ) -120.0 -100.0  -75.0 -50.0 250 0.0 250 500 750 1000
3 mm
/1000

% [Cursar 0 ||152.13|H98.90|Dﬂ®
[ursor 1 |[i60.22] a0 w G|

T

TDC Spectrum

FWHM = 8.1 ns => 486 p.

RMS = 206 p.

MWPC position resolution =144 p.

Quadrature Subtraction gives
Straw Resolution =148 u.

This meets the needs for BTeV Forward Tracking
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BTaV Detector Layout

Micro-strip
outer support

Crimping endplate 1=
Cover

Adj. support ot

Assembly
radial slot

\\ P Module-0
straw tube

A special straw module MOX
holds microstrips. In MOX,
straws are not mechanically
tensioned but glued

inside a rohacell lattice.
X-ray tomography verifies
the straws circularity.
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@ Lead Tungstate EM Calorimeter

4
e PbWO, 28x28mm2 x 22cm tapered crystals * [ , _
. . Fit functioni=a & b/vE @ c/E
e Excellent energy and spatial resolution \
e Fast, compact, radiation hard 2 4= 0.3510:02%
b= 18101 7%
c=24x£02%
1
.9
0.8
0:5 \\R
.53 h‘“?-ﬂ—a______h
0.4 Rous
DI”|5|IH10|IH15”II2DI|”25|IHSOHH35”H40H”45
Energy, GeV

Beam tests (Protvino):

e established energy and position
resolution

e Studied radiation damage and
recovery

e Calibration methods.

e Crystals from 4 vendors
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« GEANT simulation of Bo—sK*y, .

for BTeV & CLEO

= [solation & shower shape cuts -

on both

60

I BTeV

7 Generated

40

. Detected

- Efficiency

1 Mﬁf |

| | | |
80

Radius (cm)

I I I | I .
160 0 80

160
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Based 9.9x10° bkgrnd
events

Be—p*n~ S/B = 4.1

Bo—pen® S/B = 0.3 _

\ bkgrnd signal
)

w w
_‘E Entries _‘E ZOO [~ Entries
(<] . (b}
5 =zl lews  o=s0s 3
s s
i et o175 -
e [<B) (<]
) P o
A £ =
-
_:_|-_ = 25 = 150 |
) _ > 125
i I
100 [~
L 1.5
.--_'1_-
|-' 75 -
’ 1
50 |
0.5 [
7 ° k"mw
0O 1 | | o L nl)rl'\r‘J
4 4

5 ‘ é 7
T, (GEvy 5=/ <

TGRS
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| &) Muon Detector

3 stations of steel proportional
tubes

2 toroids — independent

, |

r u v Prototyp Planks in test beam

A
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ol BTeV Trigger

e Reconstructs primary vertex and looks for detached decays every crossing
e Made possible by vertex detector (3D space points with excellent resolution

and low occupancy)
e Pipelined and parallel processing with 1 TB of buffer
e 3 Stage Trigger

L1: FPGAs and DSPs

L2/L3: Linux PCs

® evel 1: accepts >50% B events that pass
analysis cuts, rejects 98% light quark
background.

e Level 2: accepts 90% of B events from Level
1, rejects 90% background from Level 1

o Level 3: rejects another factor of 2 in
background, does full offline reconstruction

50 kHz

|

5 kHz

|

2.5 -4 kHz
200MB/s on “tape”

A
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BTaV Detector Layout

PTSM
interface
GL1 interface

High speed
Data I/O
controller
(Buffer
Manager)

4 DSPs
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Reaction B (B)(x10-°) # of Events S/B Parameter Error or (Value)
Bo—ntm 4.5 14,600 3 Asymmetry 0.030
B.— D, K~ 300 7500 7 V-2 8°
Be—J/y K , Iy —I*1- 445 168,000 10 sin(2P) 0.017
B> D, 7 3000 59,000 3 X, (75)
B"—De° (K+r") K- 0.17 170 1
B~—sDe (K+K") K- 1.1 1,000 >10 Y 13°
B —K, 12.1 4,600 1 <40 +
Bo_sK*+rt- 18.8 62,100 20 Y theory errors
Bo—p*m 28 5,400 4.1
Bo—p°rn° 5 780 0.3 o ~40
B—~J/wn, 330 2,800 15

J I+
By TV 670 9,800 30 sin(2y) 0.024
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_ Comparisons to Belle/BaBar

e No B,, B. and A, at B-factories

e Number of flavor tagged B—n*n (BR=0.45x10-)

L(cm2sD o #B%/107s € e eD? #tagged
ete 103 1.1nb 1.1x108 0.45 0.26 56
BTeV 2x10% 100ub 1.5x10% 0.021 0.1 1426

e Number of B-—DYK- (Full proc

uct BR=1.7x107)

L(cm=2s) c #B%/107s € e #
ete 1034 1.1nb 1.1x108 0.4 5
BTeV 2x10% 100ub 1.5x10%! 0.007 176
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New Physics (1

= Decays that occur in the SM only through loops are
particularly sensitive to “new physics”

= The leptonic decay b—s/*/" is sensitive to the actual
form of the new interactions as one can measure

M(¢*¢7) and Dalitz plot as well as total rate

Reaction B(10°) | Yield/year S/B
B—Kfuru~ 1.5 2530 11
B—Kutu~ 0.4 1470 3.2
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ep-ph/0003090

= Contributions to B, mixing B,—J/ym
b s b W’ S (—:} R
—>— T > b gV
g toeul W' fteug .t Xt 5 s W
DA RN P Sy,
2

CP asymmetry = 0.1sin¢, cosd,sin(Amgt), ~10 x SM

Contributions to direct CP violating decay

o
i i b,g;;;;éi WA
S <gp K2 of K

Asym=(My,/m ., )’sin(¢,), ~0 in SM




Using b and ¢ decays mediated by loop diagrams BTeV is sensitive to
mass scales of up to few TeV.

The New Physics effects in these loops may be the only way to
distinguish among models.

D*+*—D0x+,DO—Krm+

BTeV (107s) B-Factory (500 fb1)
Mode
Yield Tagged S/B Yield Tagged S/B
B.—J/¥n® 12650 1645 | >15 - - -
B-—oK- 11000 n/a >10 1000 n/a 4
BY —0K 2000 200 | 5.2 350 90 4
BO —K*utu 2530 n/a 11 ~50 ~50 3
B, —»utyw 6 0.7 >15 - - -
BO —»utu- 1 0.1 >10 0 - -




| i) Comparison to LHCb

3

LHCb advantages: Muon Detestor

Shield ~ Magnet Bending Hlane pcaL HCAL —
° be(LHCb) — SXbe(BTeV) JJTracker RICH2 H
Gtot(LHCb) = 1.6X6t0t(BTeV) :j Hi ,—WM‘“‘:&
RICHI I 20mrad
e (Interactions/Crossing) - 1 '
~ 3x lower than BTeV g
X(:ttecc)ior 1 \'
BTeV advantages: m i il j/NJHM
eDetached vertex trigger at lowest level ﬂ T8T9T . Tl:'.__
eHigher rate DAQ EZF BT s
eBetter resolution EMCAL C s .. L[m]‘ T
LHCb BTeV

Vs 14 TeV 2 TeV
o, 500 b 100 b BTe\{ a_'m_d LI-_ICb have comparable
Oinelelasti 80 mb 50 mb sensitivites in charged modes, BTeV
L (cm2sT) 2 x 1032 2 x 10%2 = - = = (V4
Nu 107 o o is superior in modes with y's and n%'s
t bunch spacing 25 ns (132) 396 ns ) ]
Ohunchorossng 40 MHz  (7.6) 2.5 MHz For a great comparison review see:

S, 5cm 30 cm Marta Calvi, DA®ONEO4, June 2004 Frascati
<N > 0.4 (2) 6

pp int./bco

BTV : . -
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a Conclusions

= Tevatron has recently made significant improvements in luminosity and
overall performance.

= BTeV will make critical contributions to our knowledge of CP violation as
attention turns from initial observations to the work of finding out if the
Standard Model explanation is correct and complete.

= B-quark physics is an essential ingredient to the understanding of NP which
will be possibly discovered by ATLAS and CMS

= Bs, Bc, b-baryons are uniquely studied at hadron machines

= BTeV and LHC-b are equivalent for charged modes, BTeV is superior for
neutrals

= Positive recommendations from DOE reviews. Still a long ordeal but can
start construction at beginning of 2005. Start running in 2009.
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