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Bc decays

@ B¢: Meson family formed by b and ¢ @
@ B; meson’'s decays
» Excited states: Strong or EM to B
» Ground state B : Weak
@ B_ decay modes
» b—cWT, eqg., J/umt, J/witv,
» ¢ —sWT, eg, B, Bty
» cb—-WT, eg.,cs, thv;
@ B lifetime predictions
> Inclusive rates or 5 (exclusive rates)
» 7(Bd )sr = 0.48-+0.05 ps

aCharge conjugates implied in this presentation
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B¢ spectrum and production
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@ B mass S fssew
. ., 0800 mﬂm q
» Potential: 6.2-6.4 GeV/c? Z o
> pQCD 63261_39 MeV/02 6400 [ o B, Mass Spectrum |
» Lattice QCD: 6278(6)(4) MeV/c? oo LT

1SO 38I 3PO PI }Pz 3Dl D2 3D3 3FZ F?\ 3F4
@ BC prOdUCtion Taken from CERN-2005-005
» At hadron collider: gg — B. +b+¢C
@ B cross section

» Considering the contributions of the decays of the excited states,
0(Bd)~0.4 ub
» 0(Bd)LHc/0(BE ) Tevatron ~ O(10)
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Experimental status

@ Only Bf — J/y(utu~)X studied

Collab. % [pb™'] Mode Signal event Mass [MeV/c?] Lifetime [ps]
CDF 110 J/wety 204782 6400 £390+130  0.4670718+0.03
DO 210 J/YutX  95+12+11  59501140+340  0.457015+0.12
CDF 360 J/prmt 14.6+4.6  62857+53+12 —
CDF 360 J/wetve 238 — 0.46373072 £0.036
CDF 2400  J/ymt 108+15 6275.6+£2.9+25 —
DO 1300  J/ym* 54+12 6300+14+5 —
DO 1300  J/gutX 881480 — 0.44870038 £0.032
CDF 1000  J/yltv — — 0.47570053+0.018

Theoretical prediction 6278(6)(4) 0.48+0.05
LHCb 1000  J/ym* 450(?) ? ?

~ 108 x 10/2.4

LHCb 1000 J/yptvy, 6700(?) — ?
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~ 881 x10/1.3
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Be — J/Y(utpu)mt
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Bd — J/W(utu~)mt event selection

@ Final states @ J /i selection

> 2
Track X /ndf <4 » Mass: (304’ 314) GeV/c2
: ﬁ:gt“”((%i_g » Vertex fit quality: x2/ndf <9
. " - » IPS(J/()>3.5
» pr(u) > 1.0 GeVic ) ( ./lll)
» pr(m) > 1.6 GeVlc @ B/ selection
> IPS(m)>3.0 2 > Vertex fit quality: x2/ndf < 4
» pr(Bd) > 5.0 GeVic
aps = X|2p~|P/U|p > |PS(BJ)<3.O
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Signal yields and background level

@ Assuming

» Cross section (B¢ ): 0.4 ub
» BR(Bf — J/ym")=1.3x 1073

@ Selection results in the By 30 mass window

Description Result

Total efficiency &gt (1.013+0.017) %
Signal yield (1 fb~1) ~ 310

B/S @ 90% CL [1, 2]
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BJ mass measurement

@ Signal events taken from the full Monte Carlo simulation,
background events generated by the toy MC.
@ Signal described by a Gaussian, background by 1st order

polynomial.

@ Un-binned maximum likelihood method, fitting result (1 fo—2):

- M(BY) =
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Events / (6 MeV/c )

6399.6 + 1.7 MeV/c? (input: 6400 MeV/c?).
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Signal lifetime distribution

@ Proper decay time t calculated as:

@ In theory, t follows E(t|7). But the detector is not perfect, in
practice, t can be described by

E(t|t) ® G(t|ot, St)

S; is the scale factor of o; to account for the effects that the a; can be
over- or under-estimated.

@ Acceptance &(t) required to account for the effects caused by the
lifetime biased cuts

f(t,O’t’T,St) = S(t) E(t’T)@G(t’O't,St)
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Bd lifetime fitting

@ To reduce the dependence of the lifetime measurement on the
BJ pr distribution (theoretical model), pt(B¢) divided into two
intervals, 5-12 GeV/c and > 12 GeV/c.

@ Doing the mass lifetime combined fitting in the two pt intervals
simultaneously, T(B) = 0.43840.027 ps (input: 0.46 ps).

1,07 01812 0,013
.. = 00456+ 00081

Events / (6 MeVic?)
Events / (0.05 ps)

pT: 5-12 GeVic

0.0000958 = 0.00002]
Sl =-0.0000690 0.00003}
100} f4= 01812 0,013

f., = 00456+ 0.0081

Events /(6 MeVic?)
Events /( 0.05 ps)

pr: > 12 GeV/c

%00
My; [Mevic?] Proper decay time [ps]
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B — J/@(utu)utvy
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Bd — J/Y(utp)utvy, event selection

@ Final states

» Track x?/ndf < 4

o .
- pr(Hyy) > 15 Gevic J/y selection )
ANLyir(iy ) > —5 » Mass: (3.04, 3.14) GeV/c

p1(Hy: ) > 3.0 GeVic » Vertex fit quality: x2/ndf < 9
AlNLyr(Hg:) > 0

v

\{

v

@ B selection
» Mass: (3.2,4.25)||(4.47,6.4) GeV/c?
* The hole (4.25, 4.47) is caused by the clone u
Mugpiopy = o/ ZMJZ/;,; +Mﬁ ~ 4379.5MeV//c? 1= 4378.690 % 0.053 MeVic?
> Vertex fit quality: x2/ndf < 4 e T OTHE Y | e
» pr(J/yut) > 6.0GeVic i

fo = 0.443+0.017
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Signal yields and background level

@ Assuming

» Cross section a(BJ): 0.4 ub
» BR(Bd — J/@uvy)=1.9 x 102

@ Selection results

Description Result
Total efficiency &gt (1.092+0.019) %
Signal yield (1 fb~1) ~ 4920
B/S @ 90% CL [4,10]
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Pseudo lifetime

@ Pseudo proper decay time t* calculated as:

L

t* =My yuy+r=——
/W PJ/W N

@ K factor needed to correct for the missing energy:

!/
K — MJ/W/PJ/W
MBé/PBé

Superscript “/” represents the Monte Carlo truth.
@ Signal lifetime PDF written as:

f(t*, Ot*

1,S¢+) =H(K) ® [E(t*|TK) ® G(t| 0y, St+)|

H(K) is the K factor distribution.
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H(K) in different My, y,,+ ranges
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Bd lifetime fitting

@ H(K) obtained from another sample (generator phase only),

100K events.

@ 1, S, forompt and fgg float, the other parameters are fixed.
@ 1(Bd) =0.441+0.025 ps (input: 0.46 ps)
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Events /(0.1 ps)
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T= 0.443+ 0.025 ps
S, = 0.8939 + 0.0054
foompt = 0.6168 + 0.0052
fy, = 0.0931% 0.0052

Total
Signal

Pseudo proper decay time (ps)

B studies at LHCbh

2nd FCPPL workshop

16/21



Comparison with former results

Collab. Zn [pb~'] Mode Signal event  Mass [MeV/c?] Lifetime [ps]
CDF 110 J/pttv 204782 6400 +£390+130  0.467075 +0.03
DO 210 J/gutX  95+£12+11 59507130+340  0.457012+0.12
CDF 360 J/ymt 146+4.6 6285.7+53+1.2 —

CDF 360 J/petve 238 — 0.46370913+0.036
CDF 2400  J/ymt 108+15  6275.6+£2.9+2.5 —

DO 1300 J/ymt 54+12 6300+144+5 —

DO 1300  J/gutX  881+80 — 0.4487093%8 +0.032
CDF 1000  J/@ltv — — 0.47510 55 £0.018
LHCD 1000  J/ymt 310 +1.7(stat.) +0.027(stat.)
LHCb 1000  J/gptvy 4920 — +0.025(stat.)
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Summary

@ B — J/w(utu~)mt from the 1 fo~! of data
» Signal yield ~ 310, B/S<2 @ 90% CL
» Mass measurement precision: +1.7 (stat.) MeV/c?
» Lifetime measurement precision: +0.027(stat.) ps
@ B —J/y(utp)utvy, fromthe 1 fo~?! of data
» Signal yield ~ 4920, B/S<10 @ 90% CL
» Lifetime measurement precision: +0.025(stat.) ps

@ More work will be done
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Backup
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Event selection in the two pt(B¢) intervals

@ Selection cuts re-optimized, lifetime cuts in the high pt region

loosened.
Description Cut value
pr intervals of By 5-12 GeVic > 12 GeV/c
IPS(7rt) >3.0 >20
IPS(3 /) >35 >25
IPS(BJ) <3.0 <4.0
@ Selection results
pt intervals of B 5-12 GeV/c > 12 GeVic
Total efficiency & (0.337+0.010) % (0.856 +0.016) %
Signal yield ~ 100 ~ 260
B/S @ 90% CL [3.04, 5.82] [0.55, 1.19]
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Background t* distribution

@ Obtained from the inclusive J /@ sample, as the first step.
@ PDF

ftt»ig(ti*, Ot [fprompts fs f s Ay A Ay, St )
=foromptG (£, 0t [St+) + (1 — Forompt) [(1 — F+ —F4.) - E(t7|A-) © G(t"| 6+, S+
+ E(§A4) @ G(t| 0, St ) + 1 - E(§A44) @ G(t |0y, St )]

X, = LA17%0.020 ps
T A, = 0.0735 + 0.0064 ps
a8 A.= 0.092+ 0.010 ps

3 S,= 0.8958 + 0.0073

g 10t f,, = 0.710+0.010

< f, = 0.2600 + 0.0091

& e fvompe = 0.6222:% 0.0066

102

Pseudo proper decay time (ps)
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