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Motivation

* Measure the differential cross-section of Bc->J/yuv and Bc-
>] /Y in 100pb-L.

* Test the theory-predictions:
* Bcproduction in hadron collider: many theoretical uncertainties!
* 0 (Bc) ~ 103 o(other B-mesons) [E.g:Chang&Wu,EP]C38,267]

* Bcmass

* Potential: 6.2-6.4 GeV/c2
pQCD:  6326+29-9 MeV/c2
Lattice QCD: 6278(6)(4) MeV/c2

) today! e* '
PDG'08: 62764 MeV/c2 e @@“
W7 Ve

.
* Measure the mass and life time Bc+® @J/I"L_P}
through Bc->] /ym.

uu
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Experimental status

Collab. Lint[pb_l] Mode Signal event Mass[MeV /CZ] Lifetime[ps]
CDF 110 Iy v 20.4'%2 6400+390+130 0.467)1 +0.03
DO 210 J/w X 95+12+11 5950 5 +340 0.457012+0.12
CDF 360 Jyr* 146+4.6 6285.7+5.3+1.2 —
CDF 360 J/we'v, 238 — 0.463'307 +0.36
CDF 2400 Jyr 108+15 6275.6+2.9+25 —
DO 1300 Jwr' 54+12 6300+£14+5 —
DO 1300 J/w 1 X 881180 — 0.44872%% +0.032
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DO Result
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CMS Most analyses here based on
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Event generation

® Signal: Bc=] /Uy, J/Y — pu generated with BCVEGPY 2.1 generator
[Chang&Wu, EPJC38:267,2004]

GeneratorInterface/GenExtension(BCVEGPY 2.1) in CMSSW_3_1_x

https://twiki.cern.ch /twiki/bin/view/CMS/BcGenerator

http://indico.cern.ch /getFile.py/access?contribld=8&resld=0&materialld=slides&confld
=52322

® (Generator cuts:
* uppair (from JPsi) pT=2.5GeV |n|<2.5

e Third p(n from Bc) pT=2.5GeV |n|<2.5
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Bc theoretical cross-section

*  Br (b->Bc) =1.3*10-3 [from HERWIGM. Phys. Lett. B 266, 142 (1991).]
*  Br (QCD->bb(bar))=1.16%
* Bccross section 51.56 mb*0.0116*0.001*2=0.00119619 mb=1000 nb

*  Br (Bc2]PsiMuNu) = 1.9 %

* Br(J2MuMu=6 %) =6 %

* so three muon Branch = 6 %*2 % = 0.0012

* 1000 nb*0.0012 = 1.2 nb(o Bc—]/ypuv)

e This resultis come from the fragment mechanics

* The Bc cross-section calculated by Bcvegpy?2.1 is different from this
result, it's about 360nb when+/s =10eV (o Bc—]/ypv is 0.4nb).
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CDF Latest Result(1 fb)

CDF Public Note 9740 09-03-05

Final results priB) >4 GeV /e pr(B) > 6 GeV /e
N(BI — J/i+pu™ +v) 117.6 £17.2 (stat) 755 (svs) 107.1 £ 16.7 (stat) 757 (svs)
N(BF = J/0F K] 2333 £ 55 (stat) 7299 L 53 (stat)
Erel 5.867 4 0.068 (stat) 4.872 £ 0.060 (stat)
fgi;é (sys) +0.720 (spectrum) "_'gé?r.g (sys) +0.298 (spectrum)

c{BFj«BR(BY — J/yd+put4r) . ) e a0~ o)
a[B+1+BR(B+_-3_;1;.~+K+:. 0.295 +0.040 (stat) 0.227 +£0.033 (stat)

Tooae (sys) £0.036 (spectrum) T5his (sys) £0.014 (spectrum)

CDF Run Il Preliminary: ~1 fo” CDF Run Il Preliminary: ~1 fo CDF Run Il Preliminary: ~1 fo’'
<, 50F s +- Dat o i
S ! e Data 25 — - Haa ">- 301 e - Data
o - Misic. Muen - 0- Monte Carlo (o) - 0 - B, Monte Carlo
S o[ Bl visic. Jiy [ y G 25F
0 . 1 201 Probability = 0.77 0 : Probability = 0.52
d L B, Mente Carlo i N 20 r
= [ i =3 N
] 30 [ Probability = 0.72 a 15 : @ i []
c c - = 15F
: | s s ol
[ 10F > :
W 20f w . % o 1of W
[ 5F 5 -
10F + i + y + +
| b | | A
- | H 0 _+_ Of
oL i- Ly 0 - A t
4 ® X 20 B TV T E— B S T
Jhy+u Mass (GeV/c")
pr(Jy+u’) (GeVic) Jw+u Mass (GeV/cd)

The monte carlo simulation generator is Bcvegpy1.0(only s-wave)
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New approach(estimate the cross-
section of Bc*)
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* The “signal” events are then passed through the detector
and trigger simulation with all analysis cuts applied and a
requirement that pT (J/y+u*) >4 (6) GeV/c.

Efficiencies pr(B) > 4 GeV/e pr(B)> 6 GeV/e

eg+ (%) 0.0551 0.1232
eg+ (%) 0.3231 0.6005
For p>4Gev/c we obtain
N .
CDF (p+ + -+ + _ signal
o (BC)*BR(BC —>J/t//(,u Y7, )+,u +v)—deth
B
117.6 +16274.5( fb)

= 5~ 0.000551 213 430 fb£30 583fb(stat)_12549l0( o) (sys)

This result was calculated by us, the uns
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52 vorew (B )*BR(BI = Iy (' p )+ 4" +v)

— ~CDF (p+ )% + + - + * G\I\%C:mTev(B;r )

=0 (B )*BR(B; = Iy (u'p )+ +v)*— .
O-\/§=1.96Tev (BC )

O v (Br ) ) ieere (BY)  are the cross-section calculated by
Bcvegpy?2.1 in whole phase space.

Ve (B;) =184671.84pb o' (B;) =8984.48 pb

Js=10TeV

So at last the cross-section of B — J/l//(,u,tf)+;,u+ +v

Est (B:)* BR(B: RN J/W(,U+,U_)+;u+ -I—V) = 21343pb*2055z 4000pb

GJE =10TeV
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* Cross-section of Bc*->]/y(u*uw)u in theoretical it should be
1.2 nb.

* After filtrate(muon P>2.5GeV/c,|n|<2.5).
 Signal cross section 1.2nb*0.057 = 68.4 pb
* In 100 pb! there will be 6840events.

* From the way we used above Cross-section of Bc->] /(u ujuw
should be 8.0nb.

 After filtrate(muon P>2.5GeV/c,|n|<2.5).
 Signal cross section 8.0nb*0.057 = 456 pb
* In 100 pb! there will be 45600events.

* There will be 1/3 events be Reconstructed.
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la Data sample

A

 Signal(muon P>1GeV/c,|n|<2.5):
Bc2]psiMuNu(signal) 502972 ~200pb-!

* Background:

B2]psiMuMu(Inclvsive B) 10 778 551 ~100pb-!
JpsiZMuMu/(Prompt Jpsi) 11 369 136 ~10pb-!
* ppmumux (QCD) 1016158 ~1pb-!
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Dimuon global muon,
Different charge

Analysis strategy

Dimuon invariant mass
Closest to Ipsi mass

Kinematic fit tri-muod
Jpsi mass constraint

The Best
Probability

Pdl, Inv mass
B candidatie«-

2009-12-9

Calculate the trigger efficiency &y,

Calculate the efficiency of the selection
strategy.

Add different cut and calculate the efficiency.

Product select efficiency and the cuts
efficiency as the Reconstructed efficiency

gReco '

STGX Br(Bc—>J/t//uv)>< BF(J/W—UW)
§

Be corr corr
— f (AP )x NApT (A, 5Trigger 1 gReCO y ﬂTrigger y ﬂ’Reco )
o T

[ Lat.AP,
. j Ldt Integral luminosity.
« f fraction for Bc-> ] /yuv
* Arger: Arew COTTECtION ON trigger and

reco efficiency from Tag&probe
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3 Muon types in CMSSW

Two independent approaches for muon reconstruction leading to
three different types of muon candidates:

s Tracker p, Standalone p and Global p .
inside-out outside-in
-
I I | I 1 1 1 1
Oom im m im am 5m 6m 7m

Key:

Muon

Electron

Charged Hadron (e.g. Pion)
— = = = Neutral Hadron (e.g. Neutron)
""" Photon

G
Silicon
Tracker
Electromagnetic
}Il "' Calorimeter
Hadron Superconducting
Calorimeter Solenoid
Iron return yoke interspersed
Transverse slice with Muon chambers
through CMS
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Muon reconstruction efficiency
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Invariant mass and decay length
~ distribution
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Event selection

All global muon
pt(>2Gev/c)

Trigger: HLTDoubleMu0

Final states:
Mass (2,10)
v? /ndf(<10)

Jpsi selection
Pt(>2.0Gev/c)
mass (2.85,3.35)

The third muon:
v? /ndf(<1.9)
Nhits (>10)

AR between ] /vy and Third
muon (<1.5)
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Compact Muon Solenoid

S

RecoBc_mass | htemp
= Entries 16636 [ RecoBc_mass htemp
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Prompt J/y background toy mc

 Event selection

N " .
Jpsi selection esofie_mass | s
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QCD background toy mc
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Vertex Dimuon | Dimuon
. . 5 .
- No filter | trigger P>2 global x*<1.9 | Np;s>10 12<10 global P,>2

Prompt

v 119555 26502 6936 2071 24912 21156 22760 22531 24104
QCD 10597 3891 2408 2390 3744 3317 2663 1004 2029
E4;
-
Ptr;’/“\’vp 0. 2721 0.2617 00781 094 07983 0.8588 0.8502  0.9095 0.0023
0.367
QCD 1 ) 06189  0.6142 09622 0.8525 0.6844 02580  0.5215  0.0105
* &yt HLTrig efficiency
°  Erpt Muon from Bc Pt cut(>2.0Gev/c)
ETtype Muon from Bc type (global muon)
* ey Muon from Bc %?<1.9
* Ehits Muon from Bc N;;,>10
° Eytexxisq Vertex fit y2<10

Edimuype ~ Dimuon type (global muon)
Dimuon Pt cut(>2.0Gev/c)

* * * * * *
Etotal™ 8HLT €Tpt 8Ttype 8Txisq EThits 8vtexxisq 8dimutype 8dimupt

Sdimupt
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Prompt]/y 26502 18909 3188 1410

QCD 3891 2461 393 208 95 74 27 13 14
PT(GeV/c) 512) | (12,15) | (15,18) | (18.21) | (21,25) | (25,30) | (30,36) | (>36)
Pro’;‘pt /v 1 0.713 0.12 0.053  0.024  0.012  0.0058 0.0025 0.0014

bin
QCDs,. 1 0.632 0.1 0.053  0.024  0.019  0.0069 0.0033 0.0036

The Integrated luminosity of the sample
Jpsi2MuMu(Prompt Jpsi) 10862911/(1.15*10%)=9.4Pb"!
Ppmumux(QCD) 1016158/(1.103384*106)=0.920Pb"!

e Sowe gotin 100 pb! Integrated luminosity background
Nbackground:Nsample*STotal * €bin *100 Pbl/“—‘dt

Prompt]/y  ,5gs 351 155 70 35 16
(Nl/w)
QCD(Nge) 7643 1209 641 290 229 83 40 40
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Number of Signal and background in
different Pt bin(100pb)

Inclusive B Prompt QCD
Pt(GeV/c) J/ \II(X10) (X100)

(5,12)

(12,15) 822 570 19 4
(15,18) 1072 411 9 3
(18,21) 970 275 6 4
(21,25) 1051 213 5 3
(25,30) 927 115 3 1
(30,36) 603 93 0 0
(36---) 653 80 1 0
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Total distribution of signal and
background |

m EIHIIIHIIIIHI E m Frorrrr T T T T T T 3
@ E 100pb™": B, Mass E .91 200k 100pb™: B, Mass 1
- E E| i — H
E 800% —— Be—s Jhypy E E i —— Be— Jiyuv ]
7002_ Inclusive B é 1000 L Inclusive B i [ ] N O StaCk
6005— —_ promt Jhy % E — promt Jiy E
—acp 800 - i
5005 E ! Qcp ]
3005_ _é 400:_ _:
200E =
200 .
100 E i ]
05 Ao T ol e ok P
2 7 8 9 10 -0.04-0.02 0 0.020.040.06 0.08 0.1
Mass(GeV) Proper decay length(cm)
w [roTT TTTT TTTT TTTT TT _] m ET TTT L TTT T -
,g‘ 000F l l l l 100pb™": B, Mass E g r l l 100pb™: B, Mass i
E g — Be-» Jlyuv g 514005_ —— Be— Jhypv E
8005_ Inclusive B E 1200 C Inclusive B [
; —— promt Jiy ; 1000 L —— promt Jiy Il
600;— - — ok _ acp '
400F 3 6005 -
* After stack ; : 400 .
2007 E : :
: ] 2001 7
05 5 - 03 - Sar N, S ]
2 3 4 5 6 7 8 9 10 -0.04-0.02 0 0.020.040.06 0.08 0.1
Mass(GeV) Proper decay length(cm)
2009-12-11 CMS B-Physics Meeting 26



IN

2
2
5
s
@
s
g
i
S
S

Distribution

g 350?”\ T 100pb'1: B, Mass ] $ 350:_. L I 100pb'1: B, Mass E
= [ — Total mass ] = 5 —— Total E
5 300F — Be— Jiypv B 5300k —Beodypy |
- Inclusive B ] c Incluil‘\;f B i

2501 —— promt Jiy i b —— promt Jiy B

; ——QcCD ] 2505 ——acp :

2001 9 2000 E
1501 7 150 ]
100F 3 100[- 3
501 ] 50F 3

: : Folhs d

020.040.02 0 002004006008 0.1
Proper decay length(cm)

10
Mass(GeV)

Pt(GeV/c)(5,12)

160:\\\ ERRRREES H”‘1uoph'1:BcMass ] .3240?”” R TR LT é
L — Total mass i S 220F — Total =
140: —— Be— Jiypy i LE 200i —— Beo Jhypv B
1200 Inclusive B N E_ Inclusive B é
L —— promt Jiy h 180; —— promt Jiy B
100 — acp N 150;— — Qcb H
r 1 1401 E
801~ . 120F =
60° ] 10908 3
i 1 8oL E
401 ’j = 60F =
200 LT . ok E
L = ] E b
ok N sl e 0] N b e

2 3 4 5 6 7 8 9 10 -0.04-0.02 0 002004006008 0.1
Mass(GeV) Proper decay length(cm)

Pt(GeV/c)(15,18)
2009-12-11

d

Entries

CMS B-Physics Meeting

ifferent pt bin

ARARRARRRERERE H‘Iwﬂpb'*:BcMass § 6200_—||H| \ll‘Jl—lw 100pb - B, Mass E
140:_ — ;olal ‘l;:ass E ..E 180:— — Total B
[ —— Bc— Jiypy N w 3 — Be— Jiypv b
1200 Inclusive B [l 1605 Inclusive B H
L —— promt Jhy ] r —— promt J/y 1
100 —— Qcb i 140; —_ acb i
. 1 1205 =
8o¢ ] 100" ] =
60F . 805 3
40f 3 60r E
r ] 401 =
20; _ﬁ 20F i =
O’U—‘LE | 55 H = a | 5 0;'| el ] s _rLL'GLn_‘_"—
2 3 4 5 6 7 8 9 10 -0.04-0.02 0 002004006008 0.1
Mass(GeV) Proper decay length(cm)
Pt(GeV/c) (12,15)
2 a0k - [{00pb’iB Mass ] B200F T T T 10096 B, Mass [}
= L —— Total mass R = [ —— Total m
IJ=J 120:_ — Be— -llfwv E IJ=J 180? —— Be— Jiypy E
N IncluiljfwB N 160F Inclusive B B
[ —— prom b F o N
100F —acp ! 140F — 21::‘ " B
r ] 120F 3
801 7 £ ]
¥ ] 100F 3
60 . 80f 3
40F ] 60 E
5 ] 40[ =
201 7 20: e
0: : I pbmm il Vol e o] il
2 3 4 5 6 7 8 9 10 -0.04-0.02 0 0.020.040.06 0.08 0.1
Mass(GeV) Proper decay length(cm)

Pt(GeV/c)(18,21)

27



Entries

o
2
5
s
@
s
g
i
S
S

:\ TTT[T T T T[T T TT[TTTT 100pb’|: Bc Mass : .8 220:_\ [T TTT TTT 100Pb-1: Bc Mass E
140 — Total mass [ = F — Total B
[ B N € 200F H
F — Be— Jiyuy i w F —— Be— Jiypy B
120~ Inclusive B [ 180 Inclusive B E
[ = (ICmECRy § 160F — promt J/ H
1001 -~ i i Y
L = § 1401 —. H
80 1 120F E
L ] 100F 3
601 7 F 7
L ] 80:— =
40F . 60F =
[ i 40 =
20 - E B
N ] 20 -
0 Lo | n 2| 0 Fol s Pt L Ok 0y,
2 3 4 5 6 7 8 9 10 -0.040.02 0 0.020.040.060.08 0.1
Mass(GeV) Proper decay length(cm)
Pt(GeV/c)(21,25)

.§ 70;\\\ TITT[TTIT[TTTT H“'ﬂp::ﬁﬁ:ﬂl:a;s E .§ | L TTT TTT I""Ep::ﬁ?mss :

€ F — Bty |4 = 100~ —Be—diywy [ ]

L 60 } Inclusiva B E L L Inclusive B i

50} —aco : 80_7 — aco [

40f = 60[ .

30F 3 L ]

E . 40 ]

20F : i ]

E ] 20+ .

10 E r HEJ: 1

P A i T e V) e T 7] APPSR =1 PSR Ny PO o7 5= Y AU

2 3 4 5 6 7 8 9 10 -0.04-0.02 0 0.020.040.06 0.08 0.1
Mass(GeV) Proper decay length(cm)
Pt(GeV/c)(30,36)
2009-12-11

100pb™: B, Mass

% N B

= 180p — Total B

Lﬁ 160} —— Be— Jiypy E

F Inclusive B m

140 — promt J/y H

F — QCD B

120 —

100f 3

80F 3

60 ]

40f 3

20F 3

P PNt ta iz N o =T S WO
-0.04-0.02 0 0.020.040.06 0.08 0.1

% :uuu TTTT T |H100ph'1:BcMass i
E 100+ —— Total mass |
Lﬁ n — Be— Jhypy B
L Inclusive B i
801 —— promt Jhy | |
r — QCD b
60 o
4ﬂj 7
20 .
) T =P =N, T YT = N
2 3 4 5 6 7 8 9 10
Mass(GeV)
Pt(GeV/c)(25,30)

% F T T Sopb™: B, Mass ]

.-AE 80K —— Total mass H

C —— Be— Jiypy ]

w 70} Inclusive B ;

E —— promt Jhy B

50;_ —Qco B

50 ;

bt el PR L e e e L]

2 3 4 5 6 7 8 9 10
Mass(GeV)

Pt(GeV/c)(>36)

CMS B-Physics Meeting

Proper decay length(cm)

100pb™": B, Mass
— Total
—— Be— Jhypv

Inclusive B
—— promt Jhy
—— Qco

y oy | mlrenn| M, 5
-0.04-0.02 0 0.020.040.06 0.08 0.1
Proper decay length(cm)

28



2
2
5
s
@
s
g
i
S
S

=N

T

S B R A Pl =2

100pb™': B, Mass

—— Total

— Be— Jiypv
Inclusive B

—— promt Jiy

— QCD

E

/

8 iw TTT [T T T T [TToT 100pb’1: B, Mass i % 200
= 140 C — Total mass n =
Lﬁ L —— Bc— Jhypy N LE 180
120 Inclusive B | 160
L —— promt J/y i
1001 ~aco i 140
. 1 120
80 E 100
60F . 80
aof £ 60
[ ] 40
20 b
- d 20
2 3 5 7 8 9 10
Macel2a\/
| ARooPIot of "RecoBc_mass” |
Sa0f
o
fgsn =
S701
w r
60
S0
a0
305
200
101~ e LU AT 4
- IR S R s Y
02 6 7 8 9 10
RecoBc_mass
2009-12-11

-0.04-0.02 0 0.020.040.06 0.08 0.1

DPranar darav lannthfirm)

| A RooPlot of "proper decay length" |

T +
= 0.390 + 0.01
Beof v (ob663 4 0.00026
geor B3, = 0.3323 + 0.0098
w [ My= 4.152+ 0.018
6ol = 4.300 +0.037
gL = 5050 + 0.015
St N S0 20
Mo NIB = 775+ 31
§ Nooo = 383 % 24
200 cficP= 0.00928 + 0.00089
g croc . = 0.019310.0017
@ r aro = 9.30101 3‘%83
100 F:quc = 0! 77 7-%% %
C f_g1_M'= 0.006 + 0.078
80 £-g2"M = 1.0000 + 0.0099
: fig A
60l E_B = 0,865+ 0.
C =70'302+0.014
C = 0.27810.012
401 = 0.3635+ 0.0098
C OU-E47 L0.43
201 y

05 04 015
proper decay length (cm)

CMS B-Physics Meeting

29



la Next step

Va

* Tow dimensional fit the mass and decay length
in different pt bin.

» Fit validation.
* Tag-probe method based on the real data.
* Real data analysis strategy.

2009-12-9 CMS B-Physics Meeting 30



- -
- -

@
|

31

CMS B-Physics Meeting

-12-9

2009



Backup
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Decay length
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