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Physics motivation

B LHCDb is a dedicated B physics precision experiment at LHC to study
CP violation and rare decays

B Standard Model describes CP violation by a single complex phase in the
unitary CKM matrix

B \We will over constrain the unitarity triangles and search for new physics
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LHCb precision enough to
distinguish unitarity triangles
(equal up to the A% order)

(1-2/2) Vtcl

B New Physics can manifest through the
exchange of a new intermediate particle in box

and penguin diagram

compare measurements where NP effects are
expected with tree level ones (no loop or penguins)
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Detector design: B acceptance

B Designed to maximize B acceptance
(within cost and space constraints)

B Forward spectrometer, 1.9 <1 <4.9
more b hadrons produced at low angles

single arm OK since b-b pairs produced
correlated in space

B Luminosity tuned (2x103%? cm=s-1) to maximize 1
the probability of single interaction per x-ing

B p.trigger can be lowered up to 2 GeV/c,
efficient also for purely hadronic B

Bm 1 vyear of running = ~2 fb-! and 10?2 b-b events
@nominal luminosity
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Detector requirements

B Time dependent measurements

LHCb ?eant_él g\u&lulatmn

B Reconstruction in the harsh LHC environment

B B events ~ few % of the total cross section

Need of a selective trigger
Mass and pointing constraint to reduce background

Good vertex spatial resolution K

to determine proper time K-
~1cm

K+ Good K/t separation

TC+

§ B flavor tagging
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LHCb detector

Muon stations
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n¥ invariant mass spectrum
T+2CH>n'+X-2y+X
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Flavor tagging

Tagging power in g(1-2 ])?

m Opposite side

Charge of the kaon in the b— c— s chain

Charge of the lepton in semi-leptonic

decays

Charge of accompanying b jet

m Same side

Tag (%) By B,
Muon 1.1 1.5
Electron 0.4 0.7
Kaon opp. side 2.1 2.3
Vertex charge 1.0 1.0
Same side n/k 0.7 () | 3.5 (K)
Combined (neu.net) | ~ 5.1 ~9.5

Charge of the K accompanying B,
Charge of the n from B** — B*rn*
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LHCDb Physics program

B, mixing parameters: AIl', Am, O,

o with By—non*n

B with By — J/¥ K,

vy with different methods

Rare decays
1 By — pu to the level of the SM prediction
0 Radiative penguin By — Ky, B, — ¢y, By — oy
0 Electroweak penguin By — K'uu

m and much more, e.g. B, charm physics, D° mixing and
CP violation)

not exhaustive list !
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2& with BOA_”\ f

B One of the first CP measurements Acp(t) -

background subtracted

golden mode, very well measured
by b-factories

will be an important check of CP i
analyses and of tagging A
performance A0

can search for direct CP violating 04

term o« cosAmjt -

-0.‘_—

B Expect 240k reconstructed” r

B? — Jhy K events/2fb-" B T

B Precision o (sin 23) ~ 0.02
in 2fb-1 of collected data
[currently o(sin 23) ~ 0.03]

*after trigger and reconstruction
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Aeasure v

I1VINVGA w11 ‘

m vy is the least well measured CKM angle and LHCb has
several ways to measure it (independent)

m Most promising method is the ADS+GLW applied to B —
DK

B*—D(Kn)K*, D(K3m)K*, D(rm, KK)K*
B*—D*(Kn)K*
BO—D(Km)K*0, D(KK)K*0, D(rtrt)K*0
m B,—DK

m Dalitz analysis for the neutral and charged B — DK decays

m B — n'n- and B, — K*K-, sensitive to new physics

E. Santovetti DIS2007 Munich 16-20 April 10



" J
The B* — DK* decays (GLW and ADS method)

Consider the following decays (tree level) | Bt — D°K* B - DK* B™ — DJ(F)KJr

Color favored Color suppressed

A=AB"—>DK*|=AB —DK") A
A =AB" > DK")= A(B‘—)ﬁK‘)er A A A
A =2AB" > DXK")=A +A —= \

Measuring the three different decay rates (relative) and the c.c. will allow to extract
the gamma angle in a clean way, but...
m because the color suppression, the two amplitudes, A, and A,, very different — large error
m need the D%tag
Decays of D°, D to same final state allows the two tree diagrams (theoretically
clean!) to interfere. Consider the decay D° — K'rt* —

D' 5Kz D’—=Kz

Cabibbo favored Cabibbo suppressed

For these decays the reversed suppression of the D decays relative to the B
decays results in much more equal amplitudes — biqg interference effects ~ O(1)

Counting experiment: no need for flavor tagging or proper time determination
— measure of BR ~ O(10-7) or smaller
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The B* —» D(Kr)K* decays 4 Bt _ (Kn) K* decays
I(B" = (K'7r7) g K") oc 14+ (rgrs™)? + 2rars " cos(dg — 05" +¥) (1) 56000*
I(B" = (K 7z K)o rg +(rg™) +2rr5" cos(d; + 05" +y)  (2) 700
[(B" = (K 7z"), K ) oc 14 (rgrg ™) + 21515 " cos(dg = 05" —¥)  (3) 56000
I(B™ = (K ) K)o rg +(ry")” + 21,18 cos(d, + 85" —y)  (4) 700

*both charges

A(DCS) A(ﬁ — Kw*) _ A(D° - sz—)_rK,[e_mDK,,
Alfavoured) AD' K 7z') AD® Kz | °
B Interference parameters ( ) A= Kr) At K

From the B decays: — because have b—u , b—c interference
— the ratio in magnitude of two diagrams (<0.1 for DK%)
— a CP conserving strong phase difference
The D decays introduce: — the ratio in magnitude of two diagrams (0.060)
— a CP conserving strong phase difference

rates (1) and (3) are favored + CP eigenstate = GLW method
rates (2) and (4) are suppressed + another D decay = ADS method
but these suppressed rates have order 1 interference term, as rg~rp
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B >DK=* strateav: ADS+

| 4 ’ 1 N\ vuuu g]-l\

N

VWV V

G

B DO—Kn
3 observables from the relative rates of the 4 processes, depend on 4
unknowns v, rg, 0g, 0pK™
d rpKris already well measured
d may benefit from cos(8,) measurements in CLEO-c and/or BES |l
O Need another D° decay channel to solve for all unknowns

B D'—Knnr (BR ~ 8%):
provides 3 observables which depends on 4 unknowns v, rg, 05, 0pK°"
only 653" new, ry¥3"is already well measured

B DISKKinr
each CP mode provides one more observables with no new unknowns

(B~ — (h"h"), K7) o< 141 +2rg cos(dg — ¥)
[(B = (h"h7) K™) o< 1+15 +2r5 cos(dg + %)
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LHCD sensitivity

m  Toy MC to simulate 2 fb-' signal data:
— fit results return input values

m Combine Krt with:

120
100
a0

B0
40

20

200
1756
150
125
100
7o
50
25

K3r similar yields and identical

background level
KK it 4300 B* and 3300 B- with B/S ~ 2

1] oos 01 D15 02

%0 o s0 100 180 200

4, [ degreas |

250 -~

200

130

100

S0

1] a0 100 150

g [ degrees |
50
40
30
20
10
nfn B 40 B0

w/o bkgrd

O™, O K3r 25 166 83 0 83 166 25
180 | 38 341 30 39 32 28 27
120 | 28 25 25 25 22 22 19
60 | 39 36 34 43 42 37 36
0 | 45 42 44 56 80 61 49
60 | 33 31 33 46 66 94 110
120 | 34 36 38 41 39 36 33
180 | 35 30 29 38 32 28 26
estimated bkgrd
O™, O K™ | 25 166 83 0 83 166 25
180 | 86 75 65 68 72 73 60
120 | 60 63 63 64 62 6.2
60 | 80 79 81 78 74 67 62
0o | 103 111 124 115 121 131 130
60 | 91 106 112 134 150 152
120 | 116 113 118 110 109 111 108
180 | 85 74 65 68 71 73 65

(Highlighted are RMS quoted from non-Gaussian
distribution of fit results due to close ambiguous
solutions, will disappear as statistics increase.
Global analysis using all modes will also help.)

o(y) ~ 5°-15° in 2 fb-1

depending on rg, 65X and §K°"

;| dagreas | 32007 Munich 16-20 April
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h_mb_narich_BuMass

Entrles

ADS with B* »D*K* decays
B Attractive feature ; au_ Signalbkgrd

D*—D%® (BR~2/3) — has strong (CP con.) phase &g
D*—D% (BR~1/3) — strong phase dg+n

— if can distinguish the two decays, powerful
additional constraint !

Preliminary studies (without background) show that,
including D*K improves precision of previous
analyses to o(y) = 2° - 5° (favored mode: 17k/2 fb")

B However...

Reconstruction efficiency is small for soft y while
background is enormous

Non trivial to separate D°t® and D%

Fit DK mass shape to get n° and y components
ignoring neutrals
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suf_ Arbitrary norm.

- 1 bb event here
an_represents 5k/2fb-!
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150
100
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GLW method - y from B? — DOK*0

B Dunietz variant of Gronau-Wyler method makes use of interference between two
color-suppressed diagrams interfering via D° common final states (nwt, 7K, KK)

R

S *0
d 41K
Al = /&1
b u 0 | A, =A(B° — D%K*%): b—sc transition, phase 0
Bl e e ooy bt
S }K*O A, = A(B® —» DK*9): b—u transition, phase A+y
d d As= V2 AB" - Do) = A #A,, because

Dep=(D"FD%)INZ
B Measuring the 6 decay rates, B? —D%Kn,nn, KK)K*® + CP conjugates, allows vy to
be extracted without flavor tagqging or proper time determination

Mode (+ cc) Yield* | B,,/S (90%CL)

BY — (K'1)p K | 3400 <0.3 o(y) ~ 7°-10° (2 fb)

B - (K)o K | 500 <17 depending on , 5 K™ and dK3"
B? — (K*K™)p K*0 600 <14 *in 2 fb-!, both charges
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B,— DK .
' Full Sim  f{®" =269

B [nterference between tree level decays via Bg 600
mixing (s-version of B,—Dr): time dependent j
analysis (clean, no penguins) 400

B Measures y+¢g (05 from Bg—J/VY O)
B Expect 5400 events/2fb-"

B Excellent proper-time resolution (o, ~ 40 fs) allows 4 0010 06 S0
to resolve Bg oscillations B

0. K asyrmme

B o(y) ~ 13° from 2fb-' data [Am,=17.3 ps~] g o Fr Hm
B Main background from Dt (BRx10 ) Em '
u |-
Suppressed using kaon ID from RICH detector sl
B/S <1 @ 90% CL o5k
B Parallel analysis possible with B,—Dn* G
(~790k events/2fb-! with B/S ~ 0.3, y extraction 80z } *
requires rp, or combined B,— DK U-spin analysis) E’ 0
=025 ‘
Dk
0.5
ﬂ.! 4

f[m]
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v from B? = hh

‘ 1 \VIi11 e

B B% — nrw originally proposed to measure o but the influence of penguin diagrams
makes the task difficult

= I‘ﬁ:'ﬁ" w {TE1]
" M S B
1'5'\"_ N . - I'u'l TUIIK b :3". ‘ [ !I : TI:JIK
. Ty u I'. '\-\.II .L-»,,_. - f‘_:: o :‘\:-.Iu
A I 4 2 B | S
F | dis || G .
B, || /K N ]
nll l- | L ) FY] .\"x [
B —— J 4 WK

4

From the time dependent CP asymmetry A (1) = A, cos(Amt)+ A sin(Amt)

0 -
A\jir (B — ”Jrﬂ- ) = fl(daea 7/)
0 _ de® = ratio of penguin and
A (B" — Ty = f,(d,6,7,0) tree amplitude in B—nr
e ' o d’e® = ratio of penguin and
Aur (B, > KK ) = f3 (d.o, 7) tree amplitude in B—KK
A\nix(Bs — K+K—) = f4(d,90,9 79/1/)

Extract four asymmetries

Assuming U-spin flavor symmetry (u<s) d=d’ and #=¢ and taking
B from B, — J/y K, and y from B, — J/y ¢ we can solve for vy

E. Santovetti DIS2007 Munich 16-20 April 18



Events / 20 MeV/c®

g § 8 §

:

g

vy from B° = hh

No RICH

| WEB, KK
| B, — =K

BB, =K
| BB, —nx
Ay —+ PR
A, PT

ﬂ-‘:’r 505 51 5156 5.2 5,25 53 535 64 545 55

Invariant mass | GeVic® ]

E. Santovetti

26k B, — mrt events with 2fb™1, B/S < 0.7
37k B, — KK events, B/S = 0.3

o(y) ~ 5° + uncertainty from U-spin symmetry breaking
Sensitive to new physics

-

Use PID from RICH

DIS2007 Munich 16-20 April

g

With RICH
B, KK
=

Ay — pK
..\#—-p:t

Events / 20 MeV/c®
2 2 g

g

T50

:

:

......
l:'.E 505 5.1 B16 5.2 5.25 53 536 6.4 545 5.5

Invariant mass | GeVic” ]
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Summary of performances on vy

B mode D mode Method a(y)
B*—DK* Krn +KK/nt + Knee | ADS+GLW 5°-15°
B*—>D*K* |Kn ADS+GLW under study
B*—DK* Ksnm Dalitz 15° Signal only,
B*>DK* | KKnn 4-pody “Dalitz” 15° } no accept. effect
B*—DK* Knnn 4-body “Dalitz” | under study
BO—DK*0 Kr + KK + it ADS+GLW 7°-10°
B°—DK*? | Kqnw Dalitz under study
Bs—DgK KKr tagged, A(t) 13°
B — nn,KK 4°-10°

Combining all modes, with a nominal year of data (2 fb-'), LHCb will be able to
extract y with ~ 4° resolution, and compare the B—DK direct measurement with the
indirect determination (B® — n*n-, B » K*K-) to make a stringent test of the SM
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B, mixing phase, ¢, from B,—J/y(u w) ¢

In the SM ¢,SM = -2 = -2’1 (small) and from UT fits we get ¢, = -0.037+ 0.002
Direct measurements not very precise: recent D0O: -0.79*047 .o
CP violating decay can proceed directly or through mixing.

The “mixing box” can have contributions from NP

5 u,C,t particles, resulting in ¢,= ¢ M + o_N? # -2
d,s u,c,t -

nd acceptance

Measure proper time dependence g
Measure time-dependent CP asymmetry\.»\_
[[By(t) = f] = T[Bs(t) = f]
P[B(t) = f]1 +[Bs(t) = f]

i rsing, sin{ Am, )t

cosh(Al't/2) — 1),cosp sinh(ATt/2)

Acp(t) =

Rates withh resolutian

n,=+1CP

Acp(t) =

0
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B, mixing phase, ¢, from B;—J/y(un) ¢ ,

m Because the final state contains two vector

particles, it is a mixture of CP odd and CP 0y

even : tgi
= Use 0, angle between ;1 and normal to ¢ ’

decay plane to do an angular analysis to \

identify the states.

\ y
LT
"I:, .
s
7 < tr
Vi X
s

-

3

%:::W I
M:ZZE: ., With: 2 fb-! of data
ov0s '--C_l?e\vfn e Precision on ¢, o(¢,) = 0.023
wm; S ____.--._--_--.'f’..lff(.;.'f.‘.l.-_--- From pure CP states B, — J/ym
e © CPodd” e 6(9s)= 0.059
cos(@,) Combining o(6,)= 0.021
Simultaneous fit to (UT fit value: -0.037)

time and angular
distributions
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" SN
B,— uw

B Very small branching ratio in SM:
(3.4 £0.5) x 10°°

B Present limit from Tevatron
at 95% CL(1 fb'): <7 x 10-8
(expected final limit at 95% CL (8 fb'): <2 x 10-8)

B Sensitive to New Physics through loops

~

B Could be strongly enhanced by SUSY.
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" SN
B,— uw

m LHCDb should have good prospect for
significant measurement:
17 SM events/2fb-"

m Difficult to get reliable estimate of
expected background

No background events selected in sample of
33M events but estimation limited by
statistic

Combinatorial: B to u*X, B to u-X known as
the main source of background, addressed

by very good mass resolution 18 MeV/c?

By, B, to nm, 7K, KK and mis-id. addressed T B S e R R s

by particle identification and mass ) )

resolution. Integrated Luminosity (fb-1)
with L=2fb""

30 observation if at SM value
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=
Conclusions

B |HCb will be ready to collect data with its full detector as
LHC turns on. Physics at 14 TeV starting in 2008

B |t will make precision measurements that will severely
constrain the unitarity triangle fits and probe rare decays

B These measurements could either limit New Physics
contributions to B decays or, more optimistically, uncover
them
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Spare slides
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" S
LHCDb trigger

Yisible collisions

L=210"2cm? s!

m Selection of the b-b events in the sample:
u, e, h,y (1-4 GeV) and pile-up veto
High P, particles
Displaced tracks
LP' [hard“im] Increased b-cont from 1% to ~ 50%
high Pt particles _
calorimeter + muons M Different output streams from HLT

4 s latency 200 Hz are dedicated to the exclusive
selections of specific channels

Main stream for the core LHCb physics
HLT [software]

program

1 MHz readout ) ) )
Inclusive streams for calibration and

~1800 nodes farm data mining:

m di-muon stream
On tape: m D* stream

Exclusive selections = single muon

Inclusive streams
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= phy

s: LH

\"

(

B-factorie

S

ete” — Y(4S) —»

pp—bbX (Vs = 14 TeV, At,,..,=25 ns)

BB
PEPII. KEKB LHCb @2x1032cm--2s-"
Production o, 1nb ~500 ub @
Typical bb rate 10 Hz 100 kHz
bb purity ~1/4 _ Ob/Oine = 0.6%
Trigger is a major issue ! @
Pileup 0 0.5

b-hadron types

B*B- (50%)
BOBC (50% )

B*B- (40%), B° (40%), B, (10%)
B. (< 0.1%), b-baryons (10%)

b-hadron boost

Small

Large (decay vertexes well separated)

Production vertex

Not reconstructed

Reconstructed (many tracks)

Neutral B mixing

Coherent B°B°
pair mixing

Incoherent B® and B mixing
(extra flavour-tagging dilution)

Event structure

BB pair alone

Many particles not associated
with the two b hadrons

E. Santovetti
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.
3 : B, . K
B* D° colour suppressed
u u
colour favoured B
A
- AlB* > D°k*)=A(B > DK") A
A A

AB" - DK )= A[B" - DK e

A
A
A =2AB" > DK )=A+A

Measuring the three different decay rates (relative) and the c.c.
will allow to extract the gamma angle in a clean way, but...

m two amplitudes (A, and A,) very different — large error
m need the D%tag
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" A
+ Y +
The ADS method B~ D [ K
B* > D[- f ]K*

Decays of D, D° to same final state allows the two tree diagrams (theoretically
clean!) to interfere. Consider the decay D — Kn*

B*—DOK* (colour suppressed) d B*—DPK* (colour favoured) u
+ _
........... q T < K
s :
u

|
2|

c

D’ _

u

Cabibbo favoured Cabibbo suppressed

For these decays the reversed suppression of the D decays relative to the B decays
results in much more equal amplitudes — biqg interference effects ~ O(1)

Counting experiment: no need for flavor taqgqing or proper time determination

— measure of BR ~ O(10-7) or smaller
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B Favoured modes

Background from D%t decays dominates (BR X 13)
B Use RICH information to separate D°K and Do == =

" A
Background studies B* — D(Km)K*

B Use dedicated sample of D%z decays
— Expect ~17k bkgrd events/2fb-! from Dt

100

Efficiency / %

+
[=]

Use bb sample to assess combinatorial background
— Expect ~0.7k bkgrd events/2fb-"

~28k/year B*— (K*m)pK*
~28k/year B- — (K'nt*)K-

B Suppressed modes

bb sample indicates that the combinatorial
contribution dominates :

— Expect ~0.7k background events/2fb-" o
~530/year B*— (Kn*)pK* B/S~1.5 -
~180/year B- — (K*n)pK- B/S~4.3

E. Santovetti

B/S ~ 0.6
B/S ~ 0.6

w
o

[=)]
a

20

J—
L #
| gadg™ey

homtetys :Wﬂ
K — K,P
e(K—K)=93%
e(mr—K) =4.7%

™= KP ++++++

M‘H

st

44 Jalt) 80 90 100

Momentum (GeV)

10

MC B*—D%(Kn)n*
events

687 / 580k pass all
cuts except B mass

387 / 580k inside 30
B mass cut
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