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B physics and CP violation in 2006

o Experimental rsults from
N Tevatron Run [laCDF + DO, each !
N Asym. B factories: BABAR + Belle, each 3000508 b
N OEquivalentO to severa$ BOmesons

o Direct measuremes of angles founitarity triangle:
N s(sin(20)) » 0.03 from Bs Jy Ksasymmetry

~

N no precise measurement of other angles
o Knowledge on sies ofunitarity triangle

ISI s(|V) » fewo/gerror R ] & = 1 h ELL
N s (|Vyl) » 5-10 % error _ r‘é_&g &
N s(|Vi4l/V) » few-5 % error

indirectly known to < 0.03

(assuminddm, < 40 ps') D
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CKM triangle in 2006 (SM)

n
bfromB® J/IY Ks
i E or CKM picture might
already appear inconsistent E
r
0 i y

0 1

o First stringat test of CKMansatZ

N Sides dominated by theoretical uncertainties
N More statistics would improve sirgp
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Most extensions to SM imply E

- E new physics n decays D < L «  ds
(Db =1) new
particles

N Penguin loops

. E new physics n mixing b S ~ d, s
(Db=2) -
N Box diagrams ds —— ew b
N Tree diagrams particles
b d,s
. Note: SM tree proases >ﬁé,w
are not affected d.s particles b
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CKM triangle in 2006 (new physics)

TT_

b + new physics

o In this case, arpcise measuremeof g independenbf
possible Bw physics inlte mixing, isneeded to prose
evidence for th new physics
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Measuring new physics in B mixing

Gbs u)/GQbs ¢) » h2+r2 )
CPasym. in Bo D/K- } g- 2dg. ) SM values of
CPasym. in Bo DS K* "L g) " h andr
CPasym.inBes Jy f | — 2dgq |
| Jy h > atar(h/r)
CPasym.inBo D™*p eoh J
CPasym.inBo D™ p* } d eff -\ g
CPasym.inBos Jy Kg_—» ;
y Bo Jy Ks Dt new physics
= 2 atah/(Lr )) +J peul Y, | o aater
Dmj > h2+(1-1) 2+ 71, | barameters
rnew and.l new
Cannot be measured at current experiments
Need much higher statistics, incing B, decays, and PID
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(dis)advantages dfadron colliders
for B physics

Large bottom prduction cros section 7mz pp | year
S ,,= 100D5001b (for s =2D14 TeY at 2 10%2cnmrs?

K Triggering Is anssue
S/ S inelasic= 0.2D0.6% (fos = 2D14 TeY

All b hadrongroduced
B, (40%),B,(40%), B,(10%), B, and b-baryons (10%)
Many primary partlesto determine productia vertex

L Many particls not assoated to hadrons

L b hadrorpairs donOt elwve coheretty
mixing dilutes tagging
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Hadron colliders¥ 2006)

Tevatron LHC
proton-antiproton pl’OtOﬂ-pl‘OtOﬂ
Gs 2 TeV 14 TeV
> bb 100nb 500mb - Cross sections
S cc 1mb 3.5 mb > not measured yet
S inelastic 60 mb 80 mb large uncertaintie:
S (otal 75 mb 100 mb
W buncherossing 7.6 MHz 40 MHz
DX unch 132 ns 25 NS
S, (uminous region 30 cm 5.3 cm
L [cm2s?] 2 1082 2" 1082 10%3(10%4)
<N inelastic p interactios/ bx> 1.6 0.53 ~2 (20)

@LHCb @ATLAS/CMS
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B physicsO future aadron colliders

» High p; central detectors

N

~

N

CDF+D0 @ Tevatron

s run |l started

¥ See talk from VPapadimitriou

ATLAS+CMS @ LHC

s ready in 2006

D

¥ Construction well underway
¥ Most B physics duringtHCOsnitial low luminosity perid (163)

o (forward) detectors dedicded to B physics

N

LHCb @ELHC

I~

o ready in 200¢

D

¥ Proposed and approvedlf98; TDR phase, some construction started
¥ Designed to do B physics at 2*¥10even when ATLAS+CMS at %6

BTeV @ Tevatron

o 7

¥ Proposed in 2000, melaggressive approach thadCb (technology & fuding)
¥ approved (stage |) at FNAL, R&D phase; waiting funding decision E

'KEKTES il o sccicer. nov 20, 2001
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ATLAS and CMS

o Central detdors (h| < 2.5)
o B physics tmjger: p; thresholds (Gekt):

Nhighprleptons 1m [2m |[le [2e |mte

N no purely hadronitrigger CMsS |7 |2B4 [12 |5 |5+

(must rely on tagging lepton) ATLAS |6 under study

» Mostly B physics using/y decay modes
(+ rare decays witleptons, B®m*m E)
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LHCb and BTeV

o Forward detectors (1.2 h <4.9)

ISI still very good acceptance for bb pairs
N large g, use of RICH detectors for PID
N vertex detectors inside beam vacuum
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LHCb and BTeVcalorimeters

Tasks: » Tasks:

N Level-0 E trigger (e,g hadron) N Electron ID

N Electron ID,p° reconstruction N p°, h reconstruction

Preshower » ECAL only:

N scintillator+ 2X, Pb + scintillator N PbWOQ, crystals

ECAL: (developed by CMS)

N Pb + scintillatottiles (@hashlik®)  _ With PMT readout
Se-__ 010 40015 N 2" 11850 crystals of
E JE/Gev T ~2.6 ~2.6" 22 (25X, cn¥®

HCAL : c with pomgng g(Tor_netry

N Fe + scintillatottiles ;’efy 9‘(’)00123650 ution
Se—-_ 080 Se—-_0.016 4005t
EE B /’\/E/ GeV+ 0.10 E VE I GeV 0.005
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LHCDb vertex locator

o Online:pile-up veto
+ vertex trigger

o Offline: proper time resolution
sufficient for B, physics

25 stations (5@i planes)

Many stations for full coverage,
but only ~200k channels

Inside vacuum tank

Sufficientlyrad-hard to be very
close to beams

N Active Siat 8 mm
where ~18' n,/cn¥ly is expected

Sensors on each side retractable
during beam setup

Each half in Al box (250rm thick)
acting as RF shield

O. Schneider, Nov 20, 2001
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LHCDb vertex locator

I SENSOr

f sensor

shortest strip:

6.3 mm

o - andf-measuring smalbi strips
( GtripletO )

o varying pitch, occupancy < 1%
o 300mMm, n-on-n, double metal lay:

o Analogue readout with
STCABVELO (DMIL) or
BEETLE (0.2%m)

O. Schneider, Nov 20, 2001
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BTeV pixel detector

31 stations (631 planes)

Heart ofBTeV trigger,
used at first level of triggering

vacuum tank

Two planes per station:
one with OverticalO pixels
one with OhorizontalO pixels

» Located in dipole field
» O3-dimensionalO hits
o Radiation hard

But ...

o 30M channels'!

» Electronics inside acceptance
® larger radiation length
(~2% per station)

O. Schneider, Nov 20, 2001

Future B physics prospects at hadron colliders 15



BTeV pixel detector

Si pixels o 250mm thick I 5 cn¥ pixel detector
o 25k rectangular 50400 m pixels

Test bear{x

FP1XO0 chip

» 3 bit analogue readout
o 200mm thick bump bonded chip (FPI1X2)
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Vertexing resolution

Impact parameter resolutios py Decay length resolution [cm]
for B® p*p- decays

Excellent proper time resdlan avoids significant dampindg 8 oscillations
(55 measurement @m, up to 48s! using one year &3 ® D_ p* data withs,=43fs)
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Trigger schemes

pr and E; triggers  vertex triggers confirmation
(muon + calorimeters) (Si vertex detector) and event filters
ATLAS 40 MHz T — 75 kHz | Event 100 Hz
CMS Pr selection
Mediump; Detached
LHCb 40 MHz hadronmeg 1 MHz | vertex 40 kHz | Final state | 200 Hz
+ pileup veto + |P of p; reconstruction
P candidate
7.6 MHz DEEEE 80 kHz | Decay 3 kHz
BTeV » vertex " >
. topology
+ dimuon
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Low-level triggers

L1

LHCDb

Z . zot Inel. Interactios
40 MHz| (12.4 MHzof inel. i o)

Mediump;
LO| hadronmeg
+ pileup veto

1 MHZl

Detached

vertex

+ |P of p;
candidate

40 KHzy

* addedsince TP

(LHCDb event yelds notupdated

BTeV
7.6 MHz|
calo+mtpileup veto: Detached
5 104 Channels Ll Vertex
hardware, synchronous o ST
fixed latency=4 ns
reduction factor40 80 kHzy

(only ~10 fronp; cut)

Si strips:2” 1 channels
processors, asynchronous
fixed latency=1.7 ms

Si pixels:3” 10’ channels
hardware+processors,
asynchronous

variable latency-150ns
reduction factor100

Efficienciesfor signal events
passing offline seledion

reduction factor-25 LHCb (TP) | LHCb (now) |BTeV
LO*L1 LO*L1 L1

B°: Jly Kg| 0.880.50 |0.88*0.90=0.79 | 0.50

B°® p'p 0.76*0.48 |0.760.72=0.55 | 0.63

Bio DJK* | 0.54%0.56 |0.54*0.70=0.38| 0.74

yet for rw L1 efficiences)

O. Schneider, Nov 20, 2001
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Ring ImagingCherenkov detectors

o BTeV:
2 radiators in 1 RICH e t?é&ef/rz;j
to cover X p <70 GeV/c n p | K
o LHCb aeroge 1.03 0.6 20

3 radiators in RICHes |G [10014] 26/ 93
to cover 1< p < 100GeVic CF, 1.0005| 4.4| 15.6

LHCDb pixel HPD .

(500mm x 500vm)

Prototype hip
available

87 mmdiam. phototube with pixel detector
bump-bondedo encapsulated binary electronics
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Particle identification

LHCb KBp separation for tru :
= sep | Very important fo many

exclusive caAnnels
Example: B® p*p

LHCb ATLAS

2250 T T T T

N N
L L ?
> 7000 1> - B, ® pp |
= ! a®P No RICH = i a®P With RICH |
86000:—DBS® pK Q 1750 | [ B, ® pK .
— - [l B, ® KK — " Il B, ® KK
5000 | 1500 [
2] - [JL,® pK 12 - [JL,® pK
c I c r
S 4000 | M Lo ® PP g 10 ML, ® pp
L W 1000 |
3000
750 |
2000 |-
500 |-
1000 [ 250 |
0FE 0
5 5.05 5.1 5.15 5.2 5.25 5.3 5.35 5.4 545 55

Invariant mass [ GeV/c?]

5 5.05 5.1 5.15 5.2 5.25 5.3 5.35I 54 5.4525.5
Invariant mass [ GeV/c” ]
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Flavour tagging at production

o Needed for many CPalation meaurements

o Methods usd/studiedso far: [ATLAs LACb BTev
CMS
Other b tagging
L epton from b® | yes yes yes
Kaon from b® c® s b yes+  yest
Vertex or jet charge yes @ yes
Same btagging 5
B** or BEp correlation | yes ® yes
BEXK correlation b g yest
Jd charge yes a

* canfire p; trigger
+ possble thanks 1 good AD
» LHCb andBTeV expected to eeh similar taging power:
N LHCb TP:eD?=6.4% based on study of lepton dbn tags alone
N BTeV TP:eD2=10% assumed
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b from B°s JN Kq

CP asymmetry

o
N

o

-0.2

-0.6

Huge statistics (especially ATLAS & CMS)
Can also fit forA;, (expected> O iIn SM)
AcHt) = Agr cODMy t) - sin(2b) sin(Dmy t)

LHCb & BTeV:
compare with Penguin dec&P o f Kg

r X’/ndf 5435 | 48
' LHCb R s e ATLAS
7 e'e (3 years)

| Fitted parameters +
[ B = 18.9° £ 0.9° (04 = 0.022)

04 A, =0.06 4 0.02 ‘
r L 2
““““““““““““““““““““““

1 4 7

5
Proper time (ps)

Rexhin 10’ s
s(sin(2b))

ATLAS | 0.017
CMS 0.015
LHCb | <0.021EE
BTeV 0.025

CMS

(1 year)

O. Schneider, Nov 20, 2001 Future B physics prospects at hadron colliders 23



B. mixing phase from B JN f,J¥ h

o Strange counterpart oPB Jy Kg

. SM prediction of Bmixing phase.? o [Np-Lr: eftrignt symmetic model wih spontaneous CP v
is smallf .= 2dg= 2 2h =0O(10? % 04 | e e B
» Sensitive probe for new physicsg %3 | ? W

o JN f is not pure CP final state

N can reacts(f ) » 0.02 in 1 war,

under assumptions ahe strong phases
N need angular analysis for clean extrattioggg |

Signal (untagged Backgr. s,

LHCDb (5 years) >370k evts 3%
ATLAS (3years) EBDOK evts 15%
CMS (3 years) EDOK evts 10%

63 fs o) 004 |

o JN hitis pure CP=1
N need photonetection
N BTeV:s(f) =0.033in lyear

NP-DQ: iso-singlet down quark mixing model

01

0.06

0.02

ol.
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B%s p*p- asymmetry, etc ...

= ' B°s p'p annalyied
Ace{t) = Agr CODMy t) + An Sir{DM, 1) Taged Untaged  S/B
o Ay, and A, can be measured ATLAS | 2.3k 0.17
CMS | 0.9k 1.2

N e.g. 0.08 with 1 year alLHCb

LHCb 49k >12.3kE >1
but Penguin OpollutionO hampeextraction BTov s akEl 3
o Study of Bo (r*p,rp+Hro%%es p*p po° §
(time-dependent anaIyS|s of Dalitz plot) L
to extracta, Penguin and tree terms \Q o oroposedy
N BTeV/LHCDb claim 10.8/>3.3k untaped per year & S -0 Snyder&Quim
N more study needed to afes(a) (5B10° ?) ="
10'3'::}':'I’+
o MeasureA , and A, for B,o K*K-
N e.g. 0.11 with 1 year alLHCb (if Dm=20ps?) S S
and combine with® p*p- results Mo p0) [GoV]

to extractgassuming U-spin symmetry\ oroposedy
N LHC claims(g) ~ 5 after 1 year Fleischer
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gfrom B°s D* p*, D**p

u
Small interference between two tree geca W//<a ViVag U 12
with and without prior Bmixing b— ’ —C 5, X
Extractg+2bandDstongsimultaneously @ g d + strong phase
from the two time-depelent asymmetries . d'ffere”‘j/d)
. . — *+
Use2b from J¥ K to obtainvalue ofg W/<d D VAY [ 469
insensitive to possible new physics in 'rng<3 - ' —u . b H
- d
! Neeﬂ_ h stat assumed amplitude ratjloY= 0.02
4 I Stals = U.
LHCDb study: J 7 30 - P -
N use both exclusive andclusive o | \i10%emoromne Ds”ong O
reconstruction of netdl D from D* > 25;’ """ e ho"'effOf 0'1“1/2""3 """""""" o i |
Annual =
yield SB s(mg) s(ty)| &
(untaggeg MeV ps | &
Bo D*(D(Kp)p)p | 183kE 56 13.6EF 60E| &
Bo D*(D(incl)p)p | 1150 kE| 44 220 170E| 5 .
—_— o CT) : : : i i i : 3
(9 = O(10°) (1yean) 0" 80 60 40 20 0 20 40 60 80
depends o@b+gandDstrong 2b+g(degrees)
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gfrom B,o

D, K*, DK

(0]

(0]

(0]

10000

[0}
Q
o
o

Events / 20 MeV/c?2
D
o

2000

6000

0

| 2000 |
1 80 |
1 600 |
| a0
| 200 |

o L

]

52

54 55 5.6 57

Invariant mass [ GeV/c?]

5.3

52

53 54 55 5.6

Invariant mass  [GeV/c?]

5.7

Strange counterpart oPB D*-p*, D**pr I Needvery good
4 hadronlctn%ger efficiency
Here measurg-2dg,and take2dgfrom JA f + K/p separation
Important differepes: 4 proper tlme resolution
N Asymmetry larger because two tree Annual
amplitudes of similar ordepl 2) yield * SB s(mg) s(ty)
ISI Proper time resolution m® important (untagged) MeV  ps
N Background fronCabibbeallowed O p* LHCb | 6.4k 12 11 43
BTeV 9.7k 4 17 43
................... 1400 (et * using common BR assumptions
I LHCb ] 7 LHCb (as inLHCb TP)
" W o DK without RICH | 1200 - pg B, ® DK with RICH
| [18B,® D,p ] [ [JB,® Dp

Sensitivity ong depends on:
¥ amplitude ratio
¥ strong phase difference

ForDm, = 20ps ™
s(g@ = O(10°)
(1 year, eachexp
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Vigl/Vl from Bs nmrmXg 4

o Bs mimX, involve loop & box withV Vs **

Ratio of inclusive rates with Onon-resonantO
dimuonmass allows extraction
with small theoretical error dd(1%)

0]

250 &
200
150
100

50

30
25
20
15
10

LHCDb
without RI CH

with RICH

o \I\.-.\

NG, ) I I B &

WB® mXy

WB® Mk,
M B® mX

al

| n lm |
505 5.1 515 52 525 53 535 54 545 55

Reconstructed B mass [ GeV]

Wtdlllvtsl 10°

New preliminary

1
0 05 1 15 2 25 3 35 4 45

Annual
LHCb StUdy yield SB
B°B o nTmXg 16 k 15
B°B o nTmX 0.6k 1

Dimuon mass [GeV]

P Relative error oV 4|/|V,J of ~11%
o After several years, this method may become competitivelamiDm,
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Summary

B physics ahadron collders currently perfamed at
Tevatron, will get a big lmost onca.HC turns on (2006

» huge statisticst0'2 bb / year at 210%? cnr?s 1

IncludingB, mesons

Dedicated detctors (HCb, BTeV) aim for best
E trigger efficiency fadronand vertex triggers)

E proper time resolution
E particle identification

Clean extraodn of angleg

‘after one year

¢ several independent measurements W(th0°) precision
Confront with eher measuremé&ninvolving loops/bxes

; If new physics shows up,

measure Its parameters
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