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B hadrons at the Tevatron
" T, T T T T T H ::l::

-5
n Prc?ducﬁom angles B vs Bbar
BTeV: 1.9 < n < 4.5 More BB in detector
Better decay length separation Better opp. side tagging
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%‘ The BTeV Spectrometer

'y

N/

“ o Collider experiment, but fixed-target-like configuration
e Pixels in magnet, forward tracking with silicon & straws
e RICH particle ID, PbWO, EM Cal., muon detection

BTeV Detector Layout

12 9 6 3 0 3 6 9 12

MEIers Ring Imaging
Toroids Moine’r Cerinkov

AI)Eh

/////////////////// / ‘//////

.

Electromagnetic
Pixel Detectors Calorimeter
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BTeV Trigger & DAQ

Applies computation to every crossing (up to 7.6 MHz)

e Made possible by 3D pixel

BTeV detector space-points, low occupancy
l lFront-end electronicsl >2x10 channelsl l ° Plp6|lned Wlth 1 TB bUffer,
n LI PIX e0o 0o

no fixed latency
e Level 1: FPGASs and 2500

A 4 A Level-1 Buffers h 4 - .
% L % L. E E DSPs find detached vertices,
) L C 2 L C > > pT
v )7 v 27 v
Level 2/3 Crossing Switch e Level 2/3: Farm of 2000 PCs
, ’ELLM“B Processor] | does fast version of
Farm E )
L2, 1 || reconstruction
, Level-2/3 Buffers l|i e Outputrate: 4 KHz, 200
; iy f g
""""""""""""" e — A, A T N P —— MB/s
Data Logging
! e Data rate: 1-2 Petabytes/yr

e Considering not using tape
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%l Efficiencies and Tagging

Triggering on > 2 tracks detached by > 6o, we select 1% of
crossings and have these efficiencies ((2) int./crossing):

Decay (%) Decay (%)
BY — xtg— 63 BY - Ktx— 63
BY - DfK— 74 | B — JKY 50
B~ —-DYK— 70 | BY — JmK* 68
B~ — KYmr~ 27 BY — K*~ 63

Aezch

e Dilution D = (Nright — Nwrong)/(Nright + Nwrong)
o Effective tagging efficiency = e D?
e BTeV studies use

o Opposite side K=
o Opposite side leptons & jet charge

o Same side 7= (for BY), K* (for BY)

e Conclusion eD?(B") = 0.10, eD*(B?) = 0.13, diff. from
same side tagging
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SM Description of CP

So far the Standard Model description of CR has held up well.
No discrepancies have emerged.

Assume 1n 2008—-9:
e Am(B,)/Am(B;) to 5%
from CDF & D@

e sn28 to 002 from

1000 fb~! from BABAR |
& Belle .l

Except sin 23, theory errors domi-
nate | i

But, we know there is “New Physics:” Dark matter, baryon
asymmetry, » mixing. May have visible effects in b sector

BTeV’s challenge will be to test New Physics as an additional
source of CP.

Eric Vaandering — FNAL Users Meeting 2003 — p.7/2f



SEET
@
o

Unitarity and CKM triangles

Unitarity constraints of the CKM matrix allow us to create 6
triangles with equal areas; defined by only four angles: 3, v, ¥,

and \’ instead of A, A, p, and 7.

) V. .V* ds uc sb
/3 = &\ g — M , Vcdv(;: % Vu chﬁ Vt Svtﬁ
cb " cd Vuqu*S ubre Vusvct Vcch{)k VusVub
VvV
~v = arg | — # ct Ve bd vy v tu VoV,
b’ cd

| e Vchtﬁ>
Vo Vi ViV VinVid VoV VoV
etc.

e ( well measured in B decays, o and v more difficult

(a+B+v=m)
e  small, CP violation in BY decays
e ' very small, CP violation in K’s
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Measuring «

. Most accessible in B — 77—

y
j

s e Problem: Penguin contamination is ~ 40%
e Can salvage by also measuring B™ — 77" and

B — 7970 (very difficult)

~

30 T . . . .
(~D Model indep. with BY — pr
< Dalitz gives sin 2, cos 2« o, Distinguish AT = 3
, 20 L from % peguin contr.
o Measured BRs: ., 2 Stron92|nterference
o BY — pErfim3x107% My T
o BY — p070: < 0.5 x 1075 105

o Z B — gxtng—

e Challenging analysis, 9
parameter fit »
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Entries Entries

000000000000

Number of events

Number of events

s+l Background [
(| 20M events 120 250K [pvents

Sig./10" s 5400 776 7

eD? 0.10 0.10 il ol

Tagged/yr 540 78 N

Sig/IBG 4.1 0.3 2| :

40 |

Depending on value of o, ']

measured to 1.4—4.3° in 1.4 x |1l rl

1073 R % 5 6 7
n'rn n°—mass, GeV/c? n'n n®—mass, GeV/c?

Also includes various assumptions of BG composition, Penguin
amplitudes
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Measuring y

sin 2 is the CP asymmetry of BY decays
In the Standard model, phases and magnitudes are correlated:

Gy )2 sin (3 sin 7y
T sin(6 + )
where \ = % = 0.2205 4= 0.0018
Analysis:
e By — JWo

o Mixed CP final state, needs angular analysis

o BY — Jhn"
o Definite CP final state
o Less data, simpler analysis, more difficult recon.
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B! Mixing, measurement of z,

A777/(1/8
Ldls =
i Fd/s
G4 m?
67T2 BBd/s de/s MBs TBys ‘V;Sb% (d/s) ‘ F (mw> TlocD

Combined with z,4, x, is a measure of |V,,;/V;s|. Many theoretical
uncertainties cancel — better measurement in (p, n) plane

Vis |?
Vid

Amg  mp, 2

Amgs  mp,

B
— Jo. [BB _944 0,044 006 (lattice best value)
fB. \| B,
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BTeV’s best channel is BY —
Dfx~ and gives us sensitiv-
ity up to x, = 80 In about
three years running.

“Discovery” Is 50 signifi-
cance.

Xs Reach of BTeV

W

N
o
I T

| Peak Luminosity
= 2x10%/cm?/s

N
T

.
.
.
.
.
.
.
.
*
.
h
.
,
h
b
.
.
.
.

[N

Time Required for 5¢ Significance (Years)
p N
(@) (@)}

(@)

2-arm sensitivity, ~ 2 for 1-arm
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New Physics

From Masiero & Vives (hep-ex/0104027): “the relevance of SUSY searches
In rare processes is not confined to the usually quoted possibility that indirect
searches can arrive ‘first’ ... insignaling the presence of SUSY. Even after the
possible direct production and observation of SUSY particles, the importance
of FCNC and CP violation in testing SUSY remains of utmost relevance. They
are and will be complementary to the Tevatron and LHC establishing low
energy supersymmetry as the response to the electroweak breaking puzzle.”
We would replace “SUSY” with “New Physics”

o

“little Higgs w.

A9)G,

MFV UV f|x generlc thtle nggs
EDW M OH generlc EDW SM in bulk
brane F 2 meent U

..........................

.........
.....

uuuuuu

Su ersoft . “MSSM © MSSM: SUSY GUTs
breaklng MEV 0 MRV © il
dlrac gauglnos Tow tanB IargetanB effecnve SUSY

‘‘‘‘‘‘‘‘
...........

......

SM likeB physi new physicsin B data

From Hiller—hep/ph/0207121
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%l Example: MSSM

e In general, SUSY adds 80 constants, 43 new phases
e In MSSM, two new phases (hep-ph/9911321):

e 0p (BY mixing), 64 (B decay)
b~ (combination — CP in DY mixing)
e Predictions of 6, 64 vary, O(0.1-1)

@
N/

\

Decay SM MSSM
B — JhKS | sin23 | sin2(8 + 0p)
B — ¢KY sin20 | sin2(8 4+ 0p + 04)
D - K xt 0 ~ SiNn O pr

A9)G,

Two obvious signatures: Different CP asymmetries in
B — JiK% and B? — ¢K%and CR in D — K7t
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Sensitivities In One Year

: % BR Error
i - Decay Mode (10=6) | #Events | S/B | Parameter (Value)
' BO - DIK— 300 7500 7 v — 2x 8°
6‘ B — DFn— 3000 | 59000 | 3 5 (75)
BY — JaKQ, Jhp — 014~ 445 168000 10 sin 2.3 0.017
N BO — JAKO, KO — mfy 7 250 | 2.3 | cos28 ~ 0.5
(D B~ — DO(KT7n—)K~ 0.17 170 | 1
B~ — DY (KTK)K~— 1.1 1000 | > 10 v 13°
BY — Jabn 330 2800 | 15
< BY — Jipm’ 670 9800 30 sin 2 0.024
BY — ptn— 28 5400 | 4.1
B% — p070 5 780 0.3 0" ~ 4°
B~ — K&n~ 12.1 4600 1 < 4°+
B - Ktn— 18.8 62 100 20 v theory err.
BY — o~ 4.5 14600 3 0.03
BY — KTK~— 17 18900 3 a, 7y 0.02

Model dependent checks may be useful for resolving ambiguities
Eric Vaandering — FNAL Users Meeting 2003 — p.16/2




Measurement Requirements

BTeV provides:

e Large samples of tagged B*, B°, BY decays, unbiased b and c decays
e Efficient trigger, well understood acceptance and reconstruction

e Excellent vertex and momentum resolutions

e Excellent particle ID and ~, w° reconstruction

Vertex | K Decay
Quantity Decay Mode Trigger | Sep. | v Det. | Timeo
sin 2« B — pr — ntn—x0 v v v
cos 2a B — pr — ntn—x0 v v v
sin 7y B - DI K- v v v
sin y B° — DOK— v v
sin 2y BY — Japm, Jhpm' v v v
sin 23 BY — JaKS
cos 23 B — JiKO KO — mlv v
s B - Dfn— v v v
AT for BO | BY — Juyn) K+K— DIn— 7 7 7 7
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%I BTeV Compared to B-factories

AIJES

No BY, Bf, A} at B-factories

Tevatron o 10° higher than e~ e™
o B-factory: £ =10 — 1.1 x 10° B°/10" s
o BTeV: £ =2x10% — 1.5 x 10t B°/10" s

Reconstruction and tagging efficiency is sometimes 50 x
better at e e~

BTeV is able to overcome this with high cross section
Many modes BTeV collects 30x e e~ statistics/yr
Assume B-factories reach > 500 fb~*, currently ~ 130

Super-KEK: Plan to upgrade to £ = 10°° in 2007, still not
competitive with BTeV in BB

Eric Vaandering — FNAL Users Meeting 2003 — p.18/2



Comparison to LHCDb

Strongest competitor to BTeV. Recently re-optimized to reduce
material in spectrometer.

o

Muon Detector
Bending Plane

Shield Magnet ECAL HCAL

RICH2

: 'F LHCb advantages: i,
RICH1
e ot = 1.6 X BTeV Vertex ﬂ
< : e (Int./Cross) < 1 e
T[T
But, BTeV has many
advantages too. iF o .
£ M5
: \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ |
0 5 10 15 z[m] 20

LHCD before re-optimization
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\C

A9)G,

%‘ BTeV Advantages over LHCDb

e 132 or 396 ns crossing time vs. 25 ns

e Lower BTeV p — shorter detector (hall length ~same)
o Only one RICH needed, less B-field
o Smaller size — better detectors/$$

e Better EM calorimeter — more comprehensive studies
e DAQ has 20x rate, 5x more b decays to “tape”

e Pixel detector allows vertexing at L1
o Unbiased selection of b and ¢ decays
o WIll have physics that becomes interesting “on tape”

e Multiple interactions per crossing OK
o Longer interaction region, pixel vertexing

e \ertex detector in B-field can reject low-momentum tracks
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Comparisons with LHCD

Comparisons with prelim. (April 2003) LHCDb-light #s. BTeV #s
scaled to LHCb BR’s.

LHCb Untagged
Mode BR (10~?) TDR Light BTeV
N B —» DIn— (xs) 300 86000 | 72000 | 59000
BO - DIFK— (v —2x) 23 6000 8000 5900

Comparisons with LHCb TDR #s. (Light #s will be similar)

LHCD BTeV
< Mode BR Yield S/B Yield S/B
BO — Jim) (x) | 1.0 x 1073 — — | 12650 | > 15
BY — ptn~ () 2.8 x 107° | 2140 0.8 5400 4.1
BY — p%70 (a) 0.5 x 1077 880 | 0.05? 776 | 0.3

BTeV does better with ~, 7%, more comprehensive data set
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gﬂl History and Status of BTeV

e December 1997: BTeV becomes R&D project
May 1999: Preliminary TDR

May 2000: Proposal for 2-arm BTeV, $130M + $50M
o Unanimously approved by PAC, June 2000

March 2002: One arm descoped detector proposed, offline
computing supplied by universities: $122M + $0M

o Unanimously approved by PAC
October 2002: Fermilab (Temple) cost review
March 2003: Review by P5

Assuming a positive P5 report, a Temple (internal) and
Lehman review will follow

Construction, commissioning 2007-8, data taking 2009
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% Conclusions

-

N

e Plenty of physics not covered
o Other non-SM tests: Extra dimensions, SO(10)
o FCNC decays
o b baryons, B. mesons
o Copious amounts of charm

\C

e We will make key measurements in B? decays and states
with ~’s; our ability to record all b states gives us the

broadest possible scope and significant advantages over
other experiments

e BTeV will make critical contributions to our knowledge of

CP and move from initial observations to determining if
the SM description is complete. BTeV is not just doing SM
physics; it can reveal or help explain new phenomena

e Part of a high precision flavor program to complement and
Interpret any NP discoveries at Tevatron or LHC
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-ﬁﬁl 396 ns Bunch Crossing

AI] q L

BTeV was designed for £ = 2 x 10%2 cm~2s~! at 132 ns
— (2) interactions/crossing

Now expect £ ~ 2 x 10°? cm~2s~! at 396 ns ((6) int./cross)
or £ ~ 1.3 x 10°* cm~2s~! at 396 ns ((4) int./cross)

Verified performance by repeating many simulations at (4)
and (6) int./cross (without re-optimizing code)

Key potential problem areas (trigger, EMCAL, RICH) all
hold up well based on simulations

On going work to fully understand the impact of a change
to 396 ns, e.g. optimizing charge collection for pixel
readout
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v,

= Change from Two Arms to One

Between our first and second PAC approvals, BTeV was
rescoped. However, we also found better ways to do physics, so
the effect was not as drastic on our ability to achieve our physics
goals:

e Loss of one arm: factor = 0.5

e (Gains in dileptons:
o RICH ID of u’s
o Proposal: ™1~ only, now ete™ too
o Factor = 2.4 (or 3.9) for (di)lepton ID

e DAQ retains full bandwidth, loosen triggers: factor = 1.15
e Same-side K tagging for BY only: factor = 1.3

e Bottom line: w.r.t. proposal, factors from 0.58—2.9, most
physics Is same or better with new assumptions
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