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B physics and CP violation in 2006

J Experimental rsults from

—Tevatron Run llaCDF + DO, each #
—Asym. B factories: BABAR + Belle, each 300-500fb
—"“Equivalent” to several 0B mesons

J Direct measuremés of angles founitarity triangle:
— o(sin(23)) = 0.03 from B — JAP Kg asymmetry
— Nno precise measurement of other angles

J Knowledge on sies ofunitarity triangle

— o(|Vy)) = few % error N %D Lo
— = H- 0) sin an - '
o xubll) 5 }(f) o (;rg/or | sn2n oh
_((ajésadrlnli\(]té&r; e<V\£O pgl)e o indirectly known to < 0.03
S

_/
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CKM triangle in 2006 (SM)

n
BfromB - J/W Kg
| ... or CKM picture might
already appear inconsistent ..
0 1 -

0 1

1 First stringat test of CKMansatZ

—Sides dominated by theoretical uncertainties
—More statistics would improve sirfgp
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Most extensions to SM imply ...

... new physicsn decays

(Ab =1)

—Penguin loops

... new physicsn mixing

(Ab=2)
—Box diagrams
—Tree diagrams

I Note: SM tree

ro@ESES

are not affected

D« f e d.s
particles
B ﬁ ........................ ﬁ a’—s
d,S S S n eWH b
particles
b 4.5
>'ﬁew
d,s particles b
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CKM triangle in 2006 (new physics)

-

B+ new physics

(P

0 \l | - P
0 1

JIn this case, arpcise measuremeof y, independenf
possible Bw physics inlte mixing, isneeded to prose
evidence for th new physics
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Measuring new physics in B mixing

M(b— u)/T(b— c) > NZp2
CPasym. in B~ DS'K~ } v — 28y A SM values of
CPasym. in B— DK+ eff { y\ >r] andp
CPasym.inB—->JW@ | — 20V, |
| JWn > atar(n/p)
CPasym. in B — DYrT N A J
CPasym. in B — DYt } Y+ B -V
CPasym. in B— JA Ks — ;
Y R W Ks - ZBeff > new physics
Amd > 2+(1 p)2+ [e
new andq)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
O b, = 100-500ub (forvVs=2-14 TeV at 2x10%2 cnras1

© Triggering IS anssue
O v/ O inelasiic= 0-2—0.6% (fon's =2-14 Te\)

All b hadron9roduced
B, (40%),B,(40%), B,(10%), B, and b-baryons (10%)

Many primary partlesto determinéb productia vertex
® Many particle not assoated to thadrons
® b hadromairs don’t ewlve coheretly

mixing dilutes tagging
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Hadron collidersX 2006)

Tevatron LHC
proton-antiproton proton-proton
Vs 2 TeV 14 TeV
9 bb 120 léb :53050 Ukl)j Cross sections
O cc m > M > not measured yet
O inelastic 60 mb 80 mb | |arge uncertaintie
O (otal 75 mb 100 mb
W pyncherossing 7.6 MHz 40 MHz
At L unch 132 ns 25 NS
O, (luminous region) 30 cm 5.3 cm
L [cm2s72] 2x1 082 2x 1082 1083(10%4)
<N inelastic p interacticns/ bx> 1.6 0.53 ~2 (20)

@LHCb @ATLAS/CMS
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B physics’ future ahadron colliders

A High p; central detectors

—CDF+DO @ Tevatron — run Il started
» See talk from VPapadimitriou
—ATLAS+tCMS @ LHC — ready in 2006
e Construction well underway
e Most B physics duringgHC's initial low luminosity perid (1G%)

J (forward) detectorsdedicated to B physics
LHCb @ LHC — ready in 2006

* Proposed and approvedl98; TDR phase, some construction started
» Designed to do B physics at 2X¥1(even when ATLAS+CMS at %)

—BTeV @ Tevatron — ?
* Proposed in 2000, m@iaggressive approach thadCb (technology & fuding)
* approved (stage I) at FNAL, R&D phase; waitiog funding decision ...
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CMS

1 Central detdors (n| < 2.5)
1 B physics tmgger: p; thresholds (Gekt):

—high p: leptons 1w |2p |1e |2e |pte

—no purely hadronitrigger CMS |7 |24 [12 |5 |5+

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

1 Mostly B physics using /b decay modes
(+ rare decays witleptons, B - gty ...)
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LHCD

Kish LHCb and BTeV B%o

Hadron calorimeter

12 Q 6 3 0 3 6 @ 12
Muon system Electromagnetic meters Ring Imaging
4 Calorimeter Cerenkov

Preshower

. . counter
Ring Imaging

Cherenkov Counters

Flectromagnetic R AR AR

calorimeter )
Pixel Detectors
rs <~

Muon o Silicon Strips
Chamber Q o~ W

Vertex defector

Magnet

J Forward etectors (1.9n<4.9)

—still very good acceptance for bb pairs
—large R, use of RICH detectors for PID
—Vertex detectors inside beam vacuum
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LHCb and BTeVcalorimeters

rHCH BTEYV
VHCD —Co
1 Tasks: 1 Tasks:
—Level-0 E trigger (eyy, hadron) — Electron ID
—Electron ID, 1P reconstruction — 10, n reconstruction
1 Preshower: JECAL only:
—socintillator+ 2X, Pb + scintillator —PbWQ, crystals
JECAL: (developed by CMS)
—Pb + scintillatottiles (“shashlik”) with PMT readout
Oe = 010 10015 —2 % 11850 crystals of
E- JE/Gev = ~2.6x~2.6x 22 (25X,) cnm?
JHCAL - with pointing geor_netry
—Fe + scintillatottiles —Vvery gc(J)oOdl(rSesolutlon
Oe - 0.80 Oe - 0016 4
EE - JE/ GeV +0.10 E JE/GeV 0.0055
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LHCDb vertex locator

J Online: pile-up veto
+ vertex trigger

1 Offline: proper time resolution
sufficient for B physics

N ) .
Interaction region o =5.3cm

Wake field suppressor

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

1 Inside vacuum tank
1 Sufficiently rad-hard to be very

close to beams

—Active Siat 8 mm
where ~18" n,/cn¥ly is expected

1 Sensors on each side retractable
Exitfoil during beam setup

Sl detector 1 Each half in Al box (25@um thick)
acting as RF shield

Module
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LHCD vertex Iocator

2.0 mm ri:im 40 mm inner pitch 92 mm outer prtch

17o

AT -,*» \

¢ shortest strif
6.3 mm

d r- and@-measuring smalbi strmips
( “striplets )
1 varying pitch, occupancy < 1%
1 300um, n-on-n, double metal lay:
1 Analogue readout with

STCA-VELO (DMIL) or
BEETLE (0.2%im)
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“\ (p Sensor 682 inner strips

40 mm pitch

1366 outer strips

98 mm auter pilch
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BTeV pixel detector

31 stations (631 planes)

Heart ofBTeV trigger,
used at first level of triggering

vacuum tankiL

A

L T

1482

S5cm

I Deams

-+

425 cm
/

&
' Two planes per station:

5 cm one with “vertical” pixels
one with “horizontal” pixels

/ T Beam hole
Beams

1 Located in dipole field
1 “3-dimensional” hits
J Radiation hard

But ...

1 30M channels'!

1 Electronics inside acceptance
— larger radiation length
(~2% per station)

B O. Schneider, Nov 20, 2001
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BTeV pixel detector

= 1 250um thick Ix5 cnt pixel detector
a5 [ 25k rectangular 50400 um pixels

Pixel Resolution (FPIX0)

[y
(=]

E 22 am S
S e A S
:1" -......................_: ........ E ........ _ ...............
2 s - *:BDbit ADC
212 oo oeeie-FRSEDGAM - S o eme e deernn e deenaeaed
E ; : = =2 bit~ ADC
®i0 A R S SO A S SR
" : : (=) Used in MonteCarlo
e
' ]
BH oW — S
| |
4
2
0

-0.1 0 0.1 0.2 0.3 0.4 05 0.6
Track Angle (rad)

(1 3 bit analogue readout
1 200um thick bump bonded chip (FPI1X2)
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Vertexing resolution

Impact parameter resolutioms Decay length resolution [cm]
Py (GEVIE for B - 10°TT decays
A 0.035F 1 BTEV |

0030 ------------ |
0.025 E- ----------- [ ............. -
0.020F---- --------- - ......

B decay fracks in B->mx events I e
0.010f _ _ —
ooosf BTy

0 20 40 60 80 100 120 140
P(B) [GeV]

log,((GeV/c/p,)

Excellent proper time resdlan avoids significant dampindg 8 oscillations
(50 measurement dm, up to 48s! using one year & D1t data witha,=43 fs)
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Trigger schemes

pr and E-triggers vertex triggers confirmation
(muon + caTorimeters) (S vertex detector) and event filters
ATLAS 40 MHz T 75 kHz | Event 100 Hz
CMS Prk selection
Mediump; Detached
LHCb 40 MHz hadronu.ey 1 MHz | vertex 40 kHz | Final state | 200 Hz
+ pileup veto + |P of p; reconstruction
P candidate
7.6 MHz DEEEER 80 kHz | Decay 3 kHz
BTeV » vertex ] >
. topology
+ dimuon
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Low-level triggers

L1

LHCD

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

Mediump;
LO| hadronu,ey
+ pileup veto

1 MHZl

Detached

vertex

+ |P of p;
candidate

40 KHzy

* addedsince TP

(LHCDb event yelds notupdated
yet for rw L1 efficiences)

BTeV
7.6 MHz|
caloHu+pileup veto: Detached
5x10* channels L1| vertex
hardware, synchronous o ST
fixed latency=4 us
reduction factor40 80 kHzy

(only ~10 fronp; cut)

Si strips:2x1(° channels
processors, asynchronous
fixed latency=1.7 ms

Si pixels:3x10’ channels
hardware+processors,
asynchronous

variable latency-150ps
reduction factor-100

Efficienciesfor signal events
passing offline selection

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

B°— JWKg | 0.880.50 |0.88*0.90=0.79 | 0.50

B° - m'Tr 0.76*0.48 |0.760.72=0.55 | 0.63

B,— D,K* | 0.540.56 |0.54*0.70=0.38| 0.74

N O. Schneider, Nov 20, 2001
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Ring ImagingCherenkov detectors

- BTeV-: : refr. | threshold 00 (2) B— mm decay
2 radiators in 1 RICH index | (Gevic) | £ 2 F
to cover X p< 70 GeV/c n mo| K | 5o
o e e A A D 1 By
|:I LHCb aerogel |1.03 06| 20 E 05 50 100 150 200
3 radiators in RICHes  |C4Fw |10014] 28] 93 ER (b) tagging kaons
to cover 1< p< 100GeV/c|CF«  [H095] 44] 16|~ o -

40
Fhoto N 20
detectors a_,-::aﬁ_,:f{fﬁ'“ e L A T
0 5 10 15 20
Aerogel mirror Momentum (GeV/c)
H“-&_—
I LHCDb pixel HPD o
" I LHCb RICH1 Bearm (baseline option) 1024Si pixels
bipe | N— (50Qum x 50Qum)
— g~
Track

Prototype hip
available

oy

L 87 mmdiam. phototub with pixel detector
1 2 (m) bump-bondedo encapsulated binary electronics
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Particle identification

LHCb K-1t separation for trua

%Very important fo many

14 A I
2p e 3 lusi annel
Sl e o exCliusive canneis
; : e -
E 8 e - e
o 6 ° C e .
3 b, e Example: B - 17T
2 _. - ® LN Y ®
0 oo L v o by v by gy | | |
0O S 10 15 20 50 100 150
Momentum [GeV/c] LH Cb ATL AS
N 1 - 1 - 1 -1 1 T T T N 2250fF T T T T T T T T T T
XS, ! o ' = B h'hh| | B2 A,
>70007-Bd—>nn 13 I By — ]
O I © 2000 [ me K _ . B Comb.
> | HBy—mK No RICH = [ HBgom With RICH | Comb.
8 6000 - [ B, — 7K : 8 1750 | EI B, —» 7K 4000] |
- - M B, - KK — ' M B, - KK ] i
5000 |- i 1500 | ,
2] - LA, > pK 1% - ] A, > pK :\7
c i c i i
() - B A, > pn © 1250 | M A, - pn ] ‘\E41
L 4000 |- b P 0 : b P : i
L : W 1000 | 2000
3000 | i ]
750 | .
2000 | : ]
500 [ -
[ d 1 1 1 1 I 1 | | 1
1000 250 | ] 5 5.5
: E L m(n'n) [GeV/]
05 5.05 5.1 5.15 5.2 5.25 53 5.35 54 545 55 05 5.05 5.1 5.15 5.2 5.25 5.3 5.35 54 545 55
Invariant mass [ GeV/c? ] Invariant mass [ GeV/c? ]
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Flavour tagging at production

J Needed for many CPalation meaurements

1 Methods usdystudiedso far: [ATLAS LACb BTev
CMS
Other b tagging
Lepton from b | yes yes yes
Kaon from b-Cc-s — yes'+  yest
Vertex or jet charge yes @ yes
Same b tagging 5
B** or B—mtcorrelation | yes @ yes
BK correlation — g yes+
Jd charge yes a

* can fire p; trigger
+ possble thanks o good PID
JLHCb andBTeV expected to exh similar taging power:
—LHCb TP:eD%=6.4% based on study of lepton dg@bn tags alone
—BTeV TP:eD%=10% assumed
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B from B° — JAp Kq

1 Huge statistics (especially ATLAS & CMS) Rezch 'g(ls(i);ém)
d Can also fit forA; (expectec_lt: 0in S_M) ATLAS | 0017
Ace(t) = A cos(Amd t) —-sin(2p) s n(Amd t) CMS 0.015
1 LHCb & BTeV: LHCb 1 <0.021
compare with Penguin decBP — @ K BrevV | 0025
- B 60000
g | LHCb no her e | ATLAS CMS
= | e*e (3 years) 50000f WU
o - (1 year)
© 2000 (— 40000t
| ’ 1N i 30000 " .
: Fitted parameters ﬂ } H "“ 1000 _— 20000 = =
» i i :—13'8;1069(;2(%” = 0.022) - : '.
| T O ED : - 10000f F Y
L e 05 5.1 5.2 53 5.4 55 5.1 5.25 54
0 1 2 3 4 P?oper tiGme (ps)7 Mass (GeV) Mass (GeV)
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B. mixing phase from B~ JAY @, JA n

1 Strange counterpart o’B> JA Kq

d SM prediction of B mixing phase&’ oe
is smallg, = 20y = 2\2n = O(107?) & o4

J Sensitive probe for new physicss 3 |

4
_ _ @ 02|
4 J @is not pure CP final state 2

— can reaclo(@) = 0.02 in 1 war,

under assumptions @he strong phases 5, |
— need angular analysis for clean extrattioggg |

Signal (untagged Backgr. o,

0.06
LHCD (5years)  >370K evts 3%  3lfs
ATLAS (3years) 300k evts 15%  63fs o |
CMS (3years) 600K evts 10%  63fs

1 JWP nO is pure CP=1 0.02

— need photoneatection
— BTeV: o(@) = 0.033 in year

| NP-LR: Ieft{right symmetric model with spontaneoﬁjs CPv
NP-DQ: iso-singlet down quark mixing model ‘

ol.
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BY — 1'1C asymmetry,

elc ...

Ace(t) = Agr cofAMy t) + A SiIN(Amy t)

B°— it T annwal yield

Tageed Untagged S/B
A, and A, can be measured ATLAS | 2.3k 0.17
—e.g.+0.08 with 1 year dtHCb LCHMch g-gt . 1-12
. 1 . ” . ) > . >
but Penguin “pollution” hampeis extraction iy >s 8k 2
d Study of B — (p*1t, p1t, o) — 11 U TP §
(time-dependent anaIyS|s of Dalitz plot) 5
to extracto, Penguin and tree terms \o: "4 oroposedy
—BTeV/LHCD claim 10.8/>3.3k untagd per year £ , Snyder&Quim
—more study needed toafe o(a) (5-10° ?) =" P
101[3+
1 MeasureA ;. and A, for B,— K*K-
—e.9.£0.11 with 1 year atHCb (if Am=20ps?) - T R
and combine with B- 1r1T results T ) [cev
to extracty assuming U-spin symmetry\ oroposedy
—LHC claima(y) ~ 5° after 1 year Fleischer
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v from B° = D*~1tt , D**1U

u
1 Small interference between two tree geca W P Vg O A
with and without prior Bmixing b SRS S x
1 Extracty+23 andAstondsimultaneously d i d + strong phase
from the two time-depetent asymmetries . d'ffere”‘j/eA
O Use2p from JIp K to obtainvalue ofy W/<a D** aedy
. ‘- . . e e - , B — VJb\/(:d |:| A é
Insensitive to possible new physics in mg<3 - -
. d
WN‘e/eﬂ_ h stat assumed amplitude ratigpl = 0.02
d LHCb study: onsEE 20 - P - |
— use both exclusive arndclusive g A ‘|10% eroromd AS“O”G O
reconstruction of netal D from D* > 2 no error, UrmD """ - i |
Annual =)
yield SB o(mg) oty | T
(uniagged MeV ps | &
B—>D*(D(Kmm)m| 183k 56 136 60 | &
B— D*(D(inchm) mt| 1150k 44 220 170 | 5 .
- o CT) s s s i | i s i
o(y) = O(10°) (1 yean 0" 80 60 40 20 0 20 40 60 80
depends o&f3+y andAstrong 23+y (degrees)
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y from B, — D_K*, DK ~

(1 Strange counterpart ofPB> D*~1t", D**1T

1 Here measurg-20y, and take2dy from JA ¢

J

10000

[0}
Q
o
o

Events / 20 MeV/c?2
D
o

2000

52

6000

Important differenes:

— Asymmetry larger because two tree
amplitudes of similar ordefJj3)

— Proper time resolution m@ important

— Background fronCabibbeallowed O~ 1t*

% Need very

v hadronictrigger efficiency
v K/t separation _
v proper time resolution

good

without RICH

| WB, DK
i |:|Bs—>DSn

0

| 1200 |
| 2000 |
1 80 |
1 600 |
| a0

1 200 |

1400

]

5.3 54 55

Invariant mass [ GeV/c?]

|
53 54 55 5.6

Invariant mass  [GeV/c?]

57

Annual
yield * SB o(mg) of(ty)
(untagged) MeV  ps
LHCDb 6.4k 12 11 43
BTeV 9.7k ! 17 43
......................... * using common BR assumptions
LHCb (as inLHCb TP)
| Bs N DsK with RICH
| [IB;—> D

Sensitivity ony depends on:
« amplitude ratio
* strong phase difference

°y
e Am,_
ForAm, = 20ps™:
o(y) = O(10°)
(1 year, eachexp)
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Vil Vil from B = pruX,

d B — X, ginvolve loop & box withV, Vi

J Ratio of inclusive rates with “non-resonant” |
dimuonmass allows extraction §f |/[V,] -
with small theoretical error dd(1%) E

250 &
200
150
100

50

30
25
20
15
10

LHCDb
without RI CH

with RICH

E B — puuXy

E B — puuXy
Bl B — puX,

1 T P &

al

5.05 51 515 52 525 5.3 535 54 545 5.5

Reconstructed B mass [ GeV ]

1
0 05 1 15 2 25 3 35 4 45

New preliminary

Annual
LHCDb StUdy yieId SB
BB > X, | 16k 15
B°B*— u'u Xy | 0.6k 1

Dimuon mass [GeV]

[ Relative error ofV 4 |/|VJ of ~11%
1 After several years, this method may become competitiveAamiAm,
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Summary

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

v huge statisticsi0? bb / year at 10°2 cnt?s1
IncludingB, mesons

J Dedicated detctors LHCb, BTeV) aim for best

...trigger efficiency fadronand vertex triggers)
...proper time resolution
...particle identification

1 Clean extraobn of angley after one year
© several independent measurements With0°) precision

1 Confront with eher measuremé&ninvolving loops/loxes
©@if new physics shows up, measure its parameters
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