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PLES Physics Goals

At 2x1032 cm2s-! =102 bb pairs produced / yr

2B | B =>Jly(up)K
2B +v |BY —»D*r*

» CPV measurements in many decay channels:

* pure hadronic and multi-body final states. Y B —»DOK*0
- new decay channels in particular B, decays Bandy |BY—> rn*n-
B, » K"K~
> precise determination of CKM elements: y -2y |Bs— DgK
measurement of b->u+W (tree) phase 2y B.— Jiy(up)d

o=n—p—y | B> n* n~, pxw

: 3
®

» overconstraining the Unitarity Triangles:
disentangle the tree phases from phases s s
of oscillations (loops) and penguins P W

» Study rare and loop-suppressed decays

N
w

Search and filter-out effects of New Physics




% Example: New Physics in B mixing

B s)B(s) Mixing phase:

0.5}Im : ==
p New physics contribution to
«| / the B®-B? oscillations
— NP
|
O, =2y + GNP 0.5

Observation of new phase:

CPVin BO— Jiy K, sin(2+®,"*) | Redundant

* _ measurements
B0 > D' s'"(ZB"'(DdNP"'Y) necessary to

B.— J/yo sin(2y+ ®_NF) > disentangle CKM

: NP phases from
B~ DK sin(2+ @,7) New Physics

Rate of B9— DO K*0, DOK*0, DO, K*0 Y Y



PLES Discovery Potential

0.51Im Obtained from
Am measurement
Obtained from |V
measurement
Obtained from B—J/yKg CP
asymmetry measurement
Y from
. LHCb | |
0.5 0 0.5 Re 4

In 1 year: e.g. y(B%— DOK): + 79

( 2007

sing4(B°—>J/yK,): +£0.022 <—— < |BABAR+BELLE

- J J
hd

“reference channel”



LHCD

Monte Carlo Simulation

Full Geant 3.2 simulation:

PYTHIA 6.2 tuned on SPS(UAS5) and Tevatron (CDF) data
Multiple pp interactions and spill-over effects included
Size of beam spot (c,=5cm)

Complete description of material from TDRs

Individual detector responses tuned on test beam results
Trigger simulation and full reconstruction:

r » Full simulation of LO and L1 triggers:

cuts tuned for max. efficiency at limited output rate
(1 MHz LO, 40 KHz L1)

&
4 « Full reconstruction including pattern recognition
I simulated samples:

-« Signal samples

« Background samples: 10 Mincl. bb events = 4 min

30 M min. bias events = 2 sec
- ‘ T

£
g
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Detector Performance
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54 B, D/ B,—~DK Separation

B, — D_. =" is a physics background for B, —» D~ K+
— BR(B, — D n") / BR(B{ &> D,+K+) ~12
— ¢(By—> Dyt ) [ e(Bg &> DK™) = 1% after PID and mass cuts

g2 F - mg = 5.37GeVic?
— N i _ 2
S| 20000 og, = 13.8MeV/c
Ll - B »
150 - LTA!
125 By—>Dgr 1500 /\
- - >
100 | -
. 1000} )
75 i m= 5.42 GeV/c
o - = 24.0 MeV/c®
3 500
25 [ -
o bl ' 0k 1A

53 535 54 545 55
AlnL B, mass [GeV/c]



TS

Event Yield (untagged)

1year (107s) at L = 2x10%2cm=?s"

Channel ETrig (LO+LT) £ Yield B/S
BO - ntr- 34 % 0.69 % 26 k < 0.7
BO - Ktn~ 33 % 0.94 % 135 k 0.16
B,— Kt 37 % 0.55 % 5.3 k <1.3
B, > KK~ 31 % 0.99 % 37 k 0.3
B, »D 31 % 0.34 % 80 k 0.3
B, »Ds K+~ 30 % 0.27 % 54k | <1.0
BO )y (ppt) K 61 % 1.39 % 216 k 0.8
BO —Jhy(e~et) Ks 27 % 0.16 % 26 k 1.0
Bs =iy (L) 64 % 1.67 % 100 k <0.3
B, —J/y (e e*)d 28 % 0.32 % 20 k 0.7
BO »pmn 36 % 0.03 % 4.4 k <7
BO »K*0y 38 % 0.16 % 35 k < 0.7
B, >0y 34 % 0.22 % 93 k <24

norm. to 4n —> €y5¢ = €det* Erec/det” Esel/rec” ETrig = 0-12x0.92x0.18x0.34
( for BO - ntn)




Flavour Tagging

* Lepton

« Kaon

* Vertex charge
« Fragmentation kaon near By

other B

(}52.5? "
Tagging tracks: %15 ; +++++++
large impact par. 1f, ++++++
05! Kaon tag
0(3” 2 4 6 8 10 12 14 18
IP/op-cut
Tag E1ag (%) | (%) | e (%)
Muon 11 35 1.0
Electron 5 36 04
Kaon 17 31 24 <
Vertex Charge 24 40 1.0
Frag. kaon (B,) 18 33 2.1
Combined B? (decay dependent: ~4
Combined B, trigger + select.) ~6




PLES Physics Sensitivity

Reference measurements: sin(2p) from BO—J/yK,
Am, from B(—Dgr

CPV measurements: sin(2y) and AI' from B.—J/yé
B.—»D.K
y from{ B’—>nr and B(—>KK
BO—DOK™
Radiative decays: b—sy penguins
CP reach evaluation: all numbers for 1 yr

— Generate many fast MC samples

 Signal efficiencies (including tagging) as well as background
levels and shapes taken from full simulation studies

— extract physics parameter from each sample

« for CP asymmetries, fit together a second fast MC sample of
flavour-specific decays to extract the mistag “from the data”
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sind, iIn B—>J/wK,

A% (1) A[d” cos(Am, - r){ Dsm(Am o

(* sin®, = sin(2p)

Adr+ (0 =
New Physics
beyond SM
0.2_—
_0_ +
02
d
-0.6:—
-0.8_— | | I I I I l l l

o
=
N
w
SN
ol
()]
~
(00]

9

10

proper time [ps]

Annual BO—J/hy(up)K, yield: 216k

Background: B/S 0.8
Tagging probability: 45 %
Mistag probability w: 37 %

MC simulation of many experiments:

o(sin(¢,)) = 0.022

(“measurement” of mistag rate w
through simulated BO—J/y(up)K* evts)



&l Am, with B.>D (KK

Annual event yield:
Background B/S:

Tagging probability:

Mistag probability w:

Proper time res.

33 fs (core)

80k

0.32
55 %
33 %

40
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Amg (ps )

Expected unmixed B, -D,n* sample
) % in one year of data taking (fast MC)

D O
....
O

Statistical precision / yr
Amg (ps?)| 15 20 25 30
c(Amg) | 0.009 | 0.011 | 0.013 | 0.016

5c observation of By oscillation: 68 ps™ / yr

error o, of oscillation amplitude



G688 P, and Al with B.>J/yd

The “gold plated decay” of B.:
SU(3) analogue of B, —»J/yK|

Acp in SM =
®, = -2y =-2A?n ~ -0.04

event yield (uu) / yr: 100k
background B/S: <0.3
tagging efficiency 50%
Mis-tag rate: 33%
proper time resolution 38 fs

Problem: PS —» VV

3 contributing amplitudes
2 CP even, 1 CP odd

= fit angular distribution of decay
states (transversity angle 6,,) as
function of proper time.

Amg in ps~! 15 25

30

0.088
0.018

o(Amix) | 0.057Q0.064) 0.075
o(AT/T) | 0.018 0.013&.018
AT/T 0 | 0.1 | 02
o(Amx) | 0.059 0.070
o(AT/T) | 0.015( 0.018) 0.019
S

SSIf AFIT is ~0.1, can do a 5o discovery in one year

o(x)~2°
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y from B.—>D ~+K*-

L —20 < AT1/T2 < 20°

m Interference between 2 tree Time dependent ES—BS asymmetries
diagrams due to B, mixing 9 05 § ‘ T
m Measure y + ¢, from time- 0025 | + | | | I
dependent rates: % . g . ,'w | ‘n‘ |
B.—>D, K+ and B,—>D K- 2 U MW, | oy TRULIR it
(+ CP-conjugates) ~0.25 + + + H J
m Use ¢, from B.—J/yd o5 L | e
~ 05 | ;
eventyield (uu) /yr: 5.4k 00 +5 ;{rs of datT, %m% 'i' % H ” ‘
background B/S: <1.0 3 . N ) ﬂ,v X } | N
< CHNEL [ R A ‘ | '
tagging efficiency 54% 0.5 II “ | ’
Mistag rate w: 33% _055111_Mmﬁmmm_m}}}mmm
(extract from B,—D_r) 0 05 1 15 2 25 3 35 4
. t[ps]
Amy 20 25 30 Af?er 1 year,_ No theoretical uncertainty;
0 | 160 | 180 < if Al's/T's = 0.1, insensitive to new physics




ﬁ% y from B'—ntn~ and B.—K*K-

In both decays large b —d(s)

U U

b Z _ b 0

[’
penguin contributions to b —u: ﬂ/—\ d d d
d

- S
d

Measurement of time-dependent CP i Ag:; cos(Am- T)+A,Cn;x sin(Am - 7)
asymmetry for both decays A(7)= T AT
= Adirand AMx w/ strong phase cosh(-rj—AAr -sinh(-rj
contribution of unknown magnitude 2 2
Method proposed by R. Fleischer: AI (B> ') =fy(d, I, )

AMX(BO— rrr) =1f,(d, 4 v, dyg)
* use B'—>»ntn~ and B,.—>K*K~together Adr (B 5K K- ) =1f,(d’, , )

* exploit U-spin flavour symmetry for
P/T ratio described by d and 4

AMx(B KK ) =f,(d), 9, 7, d,)

U-spin symmetry:d =d’and 9= 9

D, (B—>Jlyo)
®, (BO—J/yK.)

—>

4 measurements (CP asymmetries) and :D
3 unknown (y, d and 3) — can solve for vy




ﬁ% y from B'—ntn~ and B.—K*K-

Adirm ’Amixm, AdirKK ’AmiXKK and — p.d.f. F(d, 9, y)
w (mistag), A_x ,”ARK,” A, Am, T, m

and t resolutions (17 par.) from fit to:

—

£ “fake”
BO—>ntr- (26k / yr) ; ~ solution
£035 |
B.—K'K= (37k/ yr) T L
BO—K*rn- (135k/yr — —
( yr) 68% and 95% CL regions BO—m+m—
B.—~K—* (5.3k/yr) (for v;,put = 65 deg) 195%CL)
0.8 |-
If Am =20 ps~!, AT /T'=0.1, i
d =0.3, 9= 160 deg, 06 L SKHK-
55 <y <105 deg: i (955%CL)
04 |
o(y) = 4-6 deg : W
0.2 — g "\ / e i
U-spin symmetry assumed; r»:.‘f*.',.l ....... N
sensitive to new physics in 0520 40 60 50 100 120 140 160 180 03 1
penguins d VS y Y fdegrees) urbitrary units




ﬁ% v from B%— DK™ and B0—> DK

Variant of the Gronau-Wyler method proposed by |.Dunietz:

A (B> DgK0) = A,

12 ( A(B'—> DOK'0) + A(B'—> DOK'0) )

N2 (A, +

A, el (A1) )

together with CC decays =

SNAy

A=A,

two triangle relations for amplitudes

Measure 6 decay rates:
B0— DO (K-n*) KO(K*r-)
Bo— DO (K*rn~) KO(K*r-)
B%— D¢p (KK) K (K*r-)

yield/lyr  B/S

0.5k 1.8

+cc 3.4k 0.3
0.6k 1.4

>

55 <y <105 deg
—20 <A< 20 deg

o(y) = 7-8 deg

sensitive to new phase in D¢p

1=65°, A=0




In SM:

N/50 MeV /¢?

» loop-suppressed b—sy transitions
= BR(B%— K0vy)=(4.3£0.4) 10
= expected direct CP violation <1% for BO—K™ vy

= expected CP violation in mixing ~0 for B(— ¢y

250

B

150

50—

| o~64MeV a) ool oc~65MeV b)
B> K X 0
SRl 2 801 B; — &y
B =
R 60
S e
oz,
40_
20 -
B’ 5> K'r® Bos —>¢“0
Ll IIII ! ) N N T N N O - | IIIIIIIII|III
4.5 5 55 6 4.5 5 55

M{Krv), [GeV/

M(KK7), [GeV/

BO—» K™% and B.—dy

I\/ -
BU ._______——-""_ m

“~l
PR
LWy

b u,c,t s

g

1yr B/S
0 KO (K*)y 35k <0.7
B, »>¢ (K'K)y 9.3k <2.4

(Acp) ~ 0.01 (1year)




RS BO—>K™ ptp-

SM: ol
BR(BO—>K*0 pi+1-) = (1.2 + 0.4) x 109 ]
|

— Measurement determines |VtS|

Variables sensitive to New Physics:

= u+u- invariant mass distribution

I
-Su-m-au-zu-mumzuaumﬁu

» u+u- forward-backward asymmetry

Ocga = Z (u*, B direction in p+u- CMS) N

s -\’

=
Annual yield (SM): 4.4k L%ISD;_
Efficiency: 0.7% =

Background (B/S) <2

- 2:_

V/c?

m,,+,-(true-rec)

irad

9 rpaltrue-rec)



LES Conclusion

LHCb can study many different B-meson decay modes with high precision
= excellent particle identification capability
= excellent mass and decay-time resolution

LHCb can fully exploit the large B-meson yields at LHC from the start-up
= flexible, robust and efficient trigger
= design luminosity of 2x103? is lower than typical LHC luminosity

LHCb detector will be ready for data taking in 2007 at LHC start-up
= detector production is on schedule
= installation of detectors will start end of next year

LHCb will offer soon an excellent opportunity to
= determine precisely the CKM parameters through phase meas.
= spot New Physics by overconstraining the Unitarity Triangles



	Physics Performance
	Physics Goals
	Example: New Physics in B mixing
	Discovery Potential
	Monte Carlo Simulation
	Detector Performance
	Bs?Ds? / Bs?DsK Separation
	Event Yield (untagged)
	Flavour Tagging
	Physics Sensitivity
	sin?d in B?J/?Ks
	?ms with Bs?Ds+(KK?)?-
	Fs and ?Gs with Bs?J/?F
	? from Bs?Ds?+K+?
	? from B?????? and Bs?K?K?
	? from B?????? and Bs?K?K?
	? from B?? D?K*? and B?? D?K*?
	B0?K*0? and Bs???
	B0?K*0 ?+?-
	Conclusion

