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Outline

Introduction

The 2nd Generation experiments :
LHCDb, B-TeV, ATLAS, CMS.

Precision measurements :
CP-violation, rare B decays.

Performance summary
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Introduction

Before 2005 various experiments will explore the unitarity triangle :

Im' VudVub *+ VedVep + VidVip = 0

* sin 2B well measured by BaBar/Belle/
HERA-B/CDF/DO perhaps to ~ 0.03 - 0.05

 Side opposite y: known assuming B
mixing is measured by (SLD/LEP?) CDF/DO

» Side opposite B : significant hadronic error

* Sin 2a measured - but with poor statistical
precision and significant theoretical
uncertainties

Yy no good or direct measurement

be) \/ts I
L S Re

P (1-)2/2+pM?)
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Decay modesto measuretriangle parameters
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Either : Inconsistency in ‘gold plated’ measurements (eg. 8 and mixing side)
QZ Hint of inconsistency, or inconsistency with less precise data (eg. a, kaon
asymmetries)

Or . Measurements consistent with SM inter pretation

In all cases, next generation experimentsat LHC/Tevatron
will need to make precise investigation of CP violation

Precison measurements : same parametersin previousy measured channels

Different channels (theoretically clean but not necessarily easiest
experimentally) : crosschecksof same parameters

New parameters: eg. What isy?

B, sector : relatively unexplored by Phase 1
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Comparison of the LHC and the

Tevatron experiments

Tevatron LHC
Energy / collision mode 2.0 TeV pp 14.0 TeV pp
bb cross section ~ 100 pb ~ 500 pb
Inelastic cross section ~50 mb ~ 80 mb
Ratio bb / inelastic 0.2% 0.6%
Bunch spacing 132 ns 25 ns
BTeV LHCb ATLAS / CMS

Detector configuration

Two-arm forward

Single-arm forward

Central detector

Running luminosity

2 x 10°* cm™s™

2 x 10 cm™@s?

<1x10¥cm?s?

bb events per 10 sec

2 x 10™ x accept.

1 x 10™ x accept.

< 5 x 10" x accept.

<Interactions/crossings>

~ 2.0

0.5 (~=30% single int.)

~2.3

HoAuRstS
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Advantages of forward detector geometry

« bb production sharply peaked forward-backward

e At LHC, low luminosity is sufficient (2.0x10% cm-?s?)

5 L essradiation
. >80% trigger ed events single interactions

» Vertex detector closeto interaction region.
- <P accepted ~ 80 GeV/cat LHC
- Mean flight path of B’'s ~7 mm

* Open geometry allowsfor easy installation and
maintenance

Disadvantages
 Minimum bias also peaksforward
» High occupancy, high track density

S SSOSSS

\;“

W

=
o
N

=
o

1 BJ- T in4m
7777 with T TT" measured

2 3 4 5
B decay length [cm]
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BILY he BTeV Detector

0 12 m

<«—p

s |
<—i3oo‘ mrad —>
\

/ Hadron ‘ Absorber \
Muon || Toroid

Key design features

 Forward double arm spectrometer

* Precision pixel vertex detector inside dipole B field ( JB.dL=5.2 Tm)
* Vertex trigger at first level

» Single RICH detector for particle ID

» Lead tungstate EM calorimeter for yand 1@ reconstruction
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The LHCb Detector

Bending Plane Muon Detector Kev deSan features
Shield  Magnet EcaL HCAL
RICH2 ]
. fracker * Forward single arm
m«\‘““ ;i“!/!/ Spectrometer
rica1 | [TIT_—7 Xm/  Precision Si-strip vertex

\
\
!

detector
« Efficient 4 Level trigger

incl. L1 vertex trigger
« Two RICH detectors for

particle ID
vy « Hadron & EM calorimetry
F Ms * Designed to run at low

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ | LHC Iuml (2X103zcm_25_1)
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Vertex
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The ATLAS/CMS Detectors

Central general-purpose detectors .
e Trackingupto|n| <25
e Specialist B triggers operating at lumi < 1x103% cm—2s-!
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Importance of efficient triggering

BTeV LHCD ATLAS/CMS

Three levels :- Four levels :- Three levels :-

L1: Pioneering pixel vertex LO: “High” p; W, e, hadron L1: High p; u, & cal
trigger (132ns pipelined)  (p:~1-2 GeV/c) (p~ 5-6 GeV/c)

L2,L3: Software triggers  L1: Vertex trigger L2,L.3: Software triggers

L2, L3: Software triggers  No vertex trigger

Level-1 vertex-trigger efficiencies

BTeV LHCDb
B° & J/P Ks° (up) 50% 50%
B o 55% 48%
B’ - DJK” 70% 56%

*

Total trigger efficiency
(LO-L3) typically 30% ,
or reconstructable evnts
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eV Pixel Detector

The BTeV Basel i ne Pi xel

Det ect or

Triplet positi

T

I

| —ﬁ/ | al ong beam (y
Why pixels ? P ;ﬂ
- Good signal to noise AT ALeen,
* Good spatial resolution, 5-10pm i :]
 Low occupancy S At \\
e Radiation hard B
) Bealrs +6mm X+6nmm
Special Features Beam hol e
’ LLJsed |ndt_he rI;evBeIf-.llt(;lgger B _ T event in the vertex detector
e Located in the B fie
A\ AN\ A N\ N \ S\ \ A\ \ A\ A\ A\ A\ A\ A \ AN \
Disadvantage Al T i 0 O Al Al -
- Large radiation length (~1X,) =t i S e I -0 e e S - o
R0
S2em
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Importance of Particle ID (RICH detectors)

RICH2
RICH-1 Photodetectors RICH1 P
e & aerogel rings
Tracking Gas (C,Fy) \ 300“\‘6‘3 ;
chamber o N
,/”/E/I irror \ ------- N :
e (A ppomred o e |
point "~ +Aerogel o
/ (n=1.03)
_[ \X\vﬂlsrl]l%royv Beam pipe 0
3900;,50 Mirrors < ol
Photodetectors Wl
o T w2 Gas (CFy)
|
6 8 10 12
Aerogel C4F10  [CF4
mnithreshold 0.6 GeV/c 2.6 GeV/c 4.4 GeV/o
K threshold 2.0 GeV/c 9.3 GeV/c 15.6 GeV/c
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Reducing background in By - TUTC  rgeh

o 50 r
~ 4 £ True pions
s
—né 40 ? .
2w A B,— TTT ~0.8x10°5, _ K*71¥ = 1.5x10%
e - B.» K*K~=1.5x10° - K*71tt =0.7%10°
| 25 F s
S :
20 ¢ - -
15 - L All combinations eff. = 85%
ok . N Background
5;+++* *+ 201 ‘. R ‘.‘ |
: .-, »o0e | Without RICH | With RICH
% 10 100 - 1 1000 Oy T
Momentum [ GeV/c ] 17 MeV/c2
1500 1 800t
30 separation for 1250 |
1 <p<150 GeV/c tooo *
750 | 1 400
500 |
BTeV : One RICH ol 200 |
3<p<70GeV/c e U Y SO .
p * SOfter B 05.0 5.1 5.2 5.3 5.4 55 O5.0 5.1 5.2 53 5.4 55
momentum M(TUTT) [ Gev/c*) M(TTTT) [ Gev/c*]
spectrum
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B,— J/¥Y K, decay

Pure mixing:
. ) L ) Here the General Purpose
Alt) = N(Bz = ‘WK;) - N(Eg - J/sz) Detectors compare quite well
_ N(By = J/VES) & N(By = J/9K3) with the forward detectors
= —sin(20) sin(Amt) _ _
(high p; muon triggers).
*§ 5 By- >J/ yKg
w i Sensitivities per year :
—  ATLAS
000 o(sin 2B)
i BTeV 0.021
000 |- LHCDb 0.002.)17'[0
i ATLAS 0.021
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LHCD Xs Reach
. B.- D, m,B.- D"t
go- 800 - Py [] tagged S S : S S
el 1N B
%600 ] A bédkoround on'y Simulation of Xs=40 with 50 fs Smearing
E 400 390 -
200 |
200 s -
= e W 100 [
o 0 22 20 N
o o 0 L L L L ! ] ropeenenl e e
& 200 0 1 2 3 4 5 6 7
S 150 | Proper time of Unmixed Decay (ps)
.23100 300 F
5w N ) BTEY
o U //// CO
Proper t|me(ps) oo
07\\\\\\\ TR | b L e
0 1 2 3 4 5 6 7
Xs reach (107s/year) Proper time of Mixed Decay (ps)
BTeV 60 21500 | o
ATLAS 16 21950 -Log Likelihood
CMS 48 o
20750 froomeo-o- T . L R
LHCb 75 0 10 20 30 20 50 60 70 80
Xs
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B,°— DO K™ decay

Determination of y from the measurement
of 6 time-integrated decay rates :

B,~ DOK®, B, DK, 6 B,- DO,_,, KO

B, D0 K™ signal

300} /

Without RICH

200
B,— DOK®, B, DOK® B, DO,_,, KO
L> KT L> K m* L> K+K 1001
| WithRICH
Measurement only possible with forward 0 £ gg 6
detector with particle ID (LHCb, BTeV) m(K* 1T K" 17) [GeV/c?]
B . DOK- deca\_/ LHCDb sensitivity per year : o(y)= 10°

Determination of y from the measurement of

Interference of the decays B - DK™, B" -

9 time-integrated decay rates :

DO K~ where DO,EO -~ same final state

BTeV sensitivity per year :

a(y) = 13°
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(=)

B.°> D.,”K*, D, K" decays

Measurement of (y- 20y)from the measurement
of 4 time-dependent decay rates :

WIthRICH | 7 repy

Bs— DK
(om =11 MeV/c?)

%10 [ Without RICH| § 4 -
£160 [ g 40 F
S0 | i
120 [ 20 -
100 [ 25 |-
80 [ 20 |
60 [ 15 —
20 L Bs— DK 10
20 E 5 F
Oy 55 s 55 86 57 U527

m(DSK) Gev/c®

Sensitivities per year :

o(y—29y)
BTeV 11°
LHCb 6-13°

5.3 54 55 5.6 5.7
m( DSK) Gev/c®

Depends on y-2d8y
and strong phase diff.
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Fitting yin B, D, K* (BTeV) BTE/VCO

80 F X/l 2789 7 %0 F X/ndt 6738 ] 79
F 30 .
E s b 1000 “experiments”
50 o
w0 E 20 £ Input values :
30 F 5 E
20 E 0 F — .- — .
o b s P=05;sin(y+9=0.771;
%07 ° O.4|H0f6|||0f8|||1|” 1.2 sin (y— a = 0.629 . y: 450

rho sin(y+8)

Entries

Result of fit :

y = 46 ¢

|
1 1 LAl D] O E 1 1 I 1 1 1 I 1 1 1 I
. 0.4 0.6 0.8 1
sin(y—¢) sin(y)

Estimated error ony
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Extraction of (23+y)

l B, —» DB, DRI

* 4 Time-dependent decay rates

* Relies on efficient hadron trigger

* Need large statistics
(CP asymmetry very small)

- Inclusive D* reconstruction

~ 270 k events/year with S/B~7
- Add D*a, channels

~ 320 k events/year

o (2B +vy) in degrees

60

50

40

350

20

P L PR I P S I B R ER
-80 —60 —-40 -20 O 20 40 ©60 &0

Error on —26—7 vs —2f—7y
(2B +y) in degrees

No strong phase
difference assumed
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B, - pmreconstruction

Measurement of the angle a

%o BTeV mass resolution B,° - mt* 1T 11°

pi+pi—pi0 mass,bal,iso

2800 tagged B,° —» p *1T events per year obtained

BTeV : lead tungstate calorimetry :
LHCD : Shashlik EM calorimetry :
~2% / sqrt(E) + 0.6% vs. 10% /sqrt(E) + 1.5%

oF ’ o LHCH
- 1 yeor dats B =>g'n s B > p'm HCH
2 (- Bekg/ Sgnal = 0.75 . SR [p*n") = 2,0e 107"
180 E— 128
1=a ;_ ‘.‘l‘ﬁ L. .-_-_----_._._-.-._-_-.-.+..-.‘.
P Wt 1
| P H
R, ; G
0 4 [Zevs="] eptan
HEAVY
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Rare decays

MeV

Standard Model BR ~ 3.5x107°

Here the General Purpose Detectors
have an advantage : high p; di-muon
triggering at high (1x1034) luminosity.

8200 5250 5300 5350 5400 5450 5500
Muw, MeV

. _ CMS : 100 fb! (107s at 10%*cm=—=s1):
Muon trigger :

2 W's with p; > 4.3 GeV 26 signal events
In| < 2.4 6.4 events background
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Performance summary

Sensitivities per year :

Measurement Channel BTeV LHCb | ATLAS CMS
sin(2p) B? L J/p K° 0.021 |0.011to| 0.021 | 0.025
0.017
sin(2a) B ' m 0.06 0.05 0.10 0.17
(assuming no penguin)
B, pit »T0 U0 - --
2B +y B L D* 11 9° -- -
y - 20y B’ - Dy K" 11° [6%t013°] -- _
y By’ » DOK* 10° - -
y B™ - D°K” 13° - -
dy B - J/wd 0.6° 0.9°
Xs B - D1t < 60 <75 < 46 <48
Rare decays |B. - p'y 4.40 SM | 4.30 SM | 100 SM
(SM. BR. ~3.5x10°) signal signal signal
By’ - K*y 24k evts. |26k evts.|  -- -
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Summary

« The 2nd Generation CP-violation experiments will
provide massive statistics : ~1012bb pairs per year.

« LHCb/BTeV will provide :
Efficient B triggers
Excellent proper time resolution (g, ~ 40 - 50 fs)

Particle ID.

« The experiments will measure precisely the angles
and the sides of the Unitarity Triangle.

A unigque opportunity to understand origin of CP
violation in framework of SM and BEYOND !

24
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