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> New Results from J/y Cross Section Measurement via J/y—p
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> Prospects from other Onia Signals

> Conclusion
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New Results from J/! Cross Section Measurement

Data Sample

> 5.2 pb! data to update the ICHEP results

ICHEP Data (14.2 nb™)| Current Analysis (5.2 pb™)|
pr [0-10] GeV/c, 10 bins [0-14] GeV/c, 14 bins
y [2.5,4], 1 bin [2,4.5], 5 bins

11 E+p,
= —In l
- 2 E—»p

> Collected in Sep-Oct 2010 with two trigger settings

Trigger 1: (2.22+0.17) pb-!
Trigger 2: (2.98+0.30) pb-!, with one muon line prescaled

Two different trigger efficiencies will be applied

In total: 5.20+0.52 pb™!|
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Trigger and Selection Criteria

L0 Trigger Single Muon: pr>1.4 GeV/e
Di-Muon: pr,i>0.56 GeV/c, p12>0.48 GeV/c

Confirm L0 single Muon and pr>1.8 GeV/c
(Pre-scaled in Trigger 2 by 0.2)

Confirm L0 Di-Muon and M,,,>2.5 GeV/c?
HIt2 Trigger Di-Muon: Mp>2.9 GeV/c?

HItl Trigger Single Muon:
Di-Muon:

Only J/y that have fired the trigger will be considered

Selection Criteria

Both p tracks: Reconstructed J/y:
e Well reconstructed tracks identified e Mass window: £0.15 GeV/c2
48 Mmuons e vertex fit quality (p(32)>0.5%)

e pr> 0.7 GeV/e
e Track quality (y>/nDoF < 4)

Event: At least one primary vertex (PV) for proper time calculation
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J/} Yields
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> Mass fit done in 14x5 bins with Crystal

Ball function + exponential function

> Summing of fit results from 70 bins

> J/y: 564603+924 (ICHEP:2872+73)

= —laf n: J/wv nominal mass
o: mass resolution
m — a, n: CB parameters
> — |
a
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Cross section measurement strategy:

dc N(J/p = pu"p)
dydpr L X et X B(J/p — utu=) x Ay x Apy

: Number of observed signal (prompt J/y and J/y
fromb)

: Integrated luminosity (5.2 pb!)

: Total efficiency for the channel (acceptance efficiency,
reconstruction efficiency, trigger efficiency)

m : Branching ratio for the channel (Br(J/yw—pp)= (5.94+0.06)%

Ctot

AV)A| : bin size (0.5)

AVzkd : bin size (1 GeV/c)

2010 12R3HEHER 5



Separation of Prompt and b Components

dz X MJ /
(J) 1) = —=— A

d:: Zin - Zrv where Z is the vertex position in axis-Z
pPz: J/wv momentum in z direction
M.y : nominal JAy mass

Ny

—h
<

Prompt J/y: centered around
® J/y from b ] 0, parameterized as resolution
Prompt J/y '.. / LHCh proiiminary ] fUURCEION
8]
)

| Signal sPlot

-
L

-
<

\s =7 TeV
% 5.2 pb! data

Events /(1 ps)

10 J/y from b: parametrized as
; (7N an exponentu}l functlon.
: / t & convoluted with resolution
1 m Tail 1 function
10.1 P B R T I T T TR NN S T PR T
-40 -20 0 20

40
t; (ps)
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Tail Component

> Origin of the tail are signal J/y associated with wrong prim
vertex, because:

® The correct primary vertex is not reconstructed

ary

e Another primary vertex is reconstructed close to the correct one
(the reconstructed and unreconstructed primary vertex are

correlated, this is included in resolution function)

> The shape of the tail distribution is determined directly from data,
using the next event method: Simulate an uncorrelated primary vertex

using one of the following events in the J/y event list

c =
m
§_10 = —— pata Sideband subtracted
o
$10% . —— Tailestimated With “next event” method
(27/0 — Znext) X M ic -.
y J /[ next, J /1 - :
z — 10° = -
pJ /Y : '
- * 0
< 102 N
10 = l};ﬁ;sﬁil W‘ |
E l )I ’: | ‘ | WIHI'
B | ||| i ﬂ Il lIllII
e m“ I
g
| | 1 1
-100 -4 0 20 100

tz/ps
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Combined Fit Function

> Combined fit over mass and t; with per-event error

Fit Function = nJ/wFJ/w(tz)GJ/w(m) T nbngbkg(tz)Gbkg(m)

v

Fbkg<tz) — [(1_f1_f2_f3_f4)5(t2)+
Sideband: [2.95,3.0]U[3.2,3.25] GeV/c?

etz /71 e—tz/TQ
0(t-) (fl + fo ) +

T1 T2
0(—1-) (f3 o /TB) + fa e_;;/M] %104 LHCb Preliminary
o
( B G 1-8 e”) 310 Zsz_p;-lTZZta
\/%510 V2msho § .
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> Long lifetime part due to association

of tracks from b decays 10

> Number of parameters reduced for '’

low statistics case

Mkl

8 10
t, (ps)

> Background parameters are o
fixed once obtained from fit to the bin: pTill? [[23’54]3](} evie v:/mDoF = 0.51
sidebands t, dsitribution Y129,

-1
107,
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Combined Fit Function

> Combined fit over mass and t, with per-event error

Fit Function = nJ/wFJ/w(tz)GJ/w( )"’nbngbkg( )Gbkg( )

Bin: prin [3.,4] GeV/c
y in [2.5,3]

v
- 5 L B B D TN g YAt T T o
@ 10 _"T)j,::l Prompt J/y: np5(tz) ® Resolution
N 10° LHCDb Preliminary s Tail
; Vs =7 TeV ) Background nbe_tz /T .
o 10° 5.2 pb'! data : 0 Prompt J/y J/\|l from b: X Resolution
"q:',' Ry, = J/y from b T
Lﬁ 102 /8 _(tz—Mo)Q 1 — _(tz—uo)2
' 2 Resolution = e 217 g e 2507
10 e 3 'LQ + * \/%310' \/%320'
i N ;
1 R \i: i . .
it (i Tail: with next event method
10"
102 Background: from sidebands

4 6 8 10

t,(ps)

10 -8 -6 -4 - 2

v:/mDoF = 0.79

n,=22740 + 180, np,= 3310 + 66
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Efficiency (1)

> Obtained from Monte Carlo inclusive J/y sample generated with
conditions and software as close as possible to the analyzed sample

> Efficiencies agreed with the one obtained from data

> Efficiencies from prompt and b components assumed to be the same
for a given pr and y bin (checked)

\g- L} 4.Ol< y<!.5 L} L} L} L] l L} L} L] L} % 0 9 4-°l<y<1‘s | | | | | | l
35<y<40 3 A 35<y<40
< s NOt Pre-scaled < Pre-scaled
UJQ 25<y<30 N3 0.8 A 25<y<30
20<y<235 0.7 A 20<y<25
R I::x:EAE_AE"A‘A 06E LHCD Preliminary
g A 05E Vs=7TeV
- A :A::A::‘:—:— -1 -
:‘::A: . - 0.4 5.2 pb™ data - = =k
L e LHCDb Preliminary . =.=EE_‘_ e
A= : —h——A— DT
02—t —— —a Vs =7 TeV (:)i ‘;‘____‘:—A—A—‘A‘—A— .
—h— . el i —
. 5.2 b data " oA .
1 | L 1L | I 1L 0 5 15
5 10 15
p. (GeV/c) P, (GeV/c)
Total Efficiency
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Systematics

Quantity Systematic error | Comment
Trigger 1.7% to 4.5% Bin dependent
GEC 2% Correlated between bins
Muon identification 2.5% Correlated between bins
Trackin§ efficiency 8% Correlated between bins
Track x 1% Correlated between bins
Vertexing 1% Correlated between bins
Mass fits 1% Correlated between bins
Bin size 0.1% to 15% Bin dependent
Inter-bin cross-feed 0.5% Correlated between bins
(not applied to the total cross-section)
Radiative tail 1% Correlated between bins
B(J/¢ — utu~) 1% Correlated between bins
Luminosity 10% Correlated between bins
t, fits 3.6% Correlated between bins
| GEC efficiency of B events 2% Applies only to J/¢ from b cross-sections
b hadronization fractions 2% Applies only to extrapolations of
bb cross-sections
B(b— J/pX) 9% Applies only to extrapolations of

bb cross-sections

> Uncertainties from tracking efficiency, Muon identification and trigger
will be updated with more data

> Besides, there are complications due to unknown polarization

2010F12H3HEH A
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Polarization Effect

> Polarization affects a lot the detection efficiencies

> In LHCDb simulation, J/vy is not polarized. Different polarization
scenarios obtained by weighting unpolarized sample

> Study performed in helicity frame without azimuthal dependence in 3
extreme cases

dN  1+a cos?
dcosf 2+2xa/3

? T T T T T T T T T | T ] T T | ] T ] T T T T
—a 40<y<4s 40<y«<45 LHCb Preliminar 40<y<45
5 . :2<:<;: LHCDb Preliminary RSty J y . iz<:<;:
U? B i5<y<3:o \/s=7TeV A 25<y<30 s=7TeV 4 25<y<3:0
A 20<y<25§ 4 A 20<y«<25 5.2 pb-l data A 20<cy<25 . = __»_:E‘EA__‘
T e e h=—a— —
AT e —
—A—ar — — i a—A—= AT A —rh = ———
— 2 e =A—+ L =A= _A:;—-A— A —A=_ - -
. ::: S — A= i — ol ~ - — = —A -
-F::- - —A =A=:::-A- - - . =i A" ™  LHCD Preliminary
——— —_ ——a— ] — -
. —A:_ T A 0.2 A = ——p— 3 i ——— i — \/S =7 TeV
— —t = ) —h 5.2 pb! data
lﬂ-l I I . i i I . . . i I . . A . : 1 1 I 1 1 1 L I 1 1 1
5 10 5 10 D (GeV/c1)5 5 10 18
p_ (GeV/c) T p_ (GeV/c)
— T — y— T
o=+1 o=0 o=-1

> Ditferences between 3% to 30% depending on bins

> Quote results in the above three scenarios for prompt J/y
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Results: Prompt J/¢ (unpolarized Scenario)

— I ———T T T
§ LHCb Preliminary
v 1= \E=7 TeV
% = Dot L=5pb’
g 0 ==
—_ =
A - ===
§ o ® 20<y<25 =
T|a" 10 o 25<y<30 ——_
B 3.0<y<35 _;_—O—EF—;g:
® 35<y<40 — T
1 40<y<45 ==
Prompt J/y
107
0 5 10 15
P. [GeV/c]

> Integrated cross section
stat.  sys. polar

o (prompt [/, pr < 14 GeV/c, 2 < y < 4.5) = 10.8 +£0.05 + 1.517752 ub,

All the numerical results are in backup slides
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Results: Prompt J/¢ (polarized scenarios)

: L 1 L L l 1 L L L I L L L L : : : L L ] L l L L L ] I L L L L :
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%GO 3.0<y<35 —;—_f“;_—;t ] B 30<y<35 =, ]
® 35<y<40 —— ' _!_ n ® 35<y<40 —;——?—"-“-f- J
1 40<y<4s5 Bl = 1 40<y <45 T =
Prompt J'y, o=+1 - Prompt J'y, a=-1 -

10‘1 1 1 1 1 | 1 1 1 1 | 1 1 1 L 10—1 1 L 1 1 | 1 1 L 1 | 1 L 1 1
0 5 10 15 0 5 10 15
P, [GeV/c] P, [GeV/c]
a=—|—1 ='1
To be noted:

Prompt J/y polarization will be measured latter with data collected this
year in bins of prand y
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Results: J/¢ from b

— . 1 r T . 1 - T T g 0.5 [ L L R L AL L
O 1 8 LHCb Prelimina N
> e LHCb Preliminary | 5§ 045 y 3
Q 2 T 8 ® 20<y<25 \s=7 TeV =
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p. [GeV/c] P [GeV/C]
> Integrated cross section
stat.  sys.

o(J/p fromb, pyr < 14 GeV/c,2 <y <45) = 1.16 £0.01 == 0.17 ub

> Extrapolation to bb cross section in 4 via Pythia 6.4 with LEP
branching ratio: Br(b—J/y+X) = (1.16+0.1)%

o(pp — bbX) =295+ 4 + 48 ub

(LHCD published results with b—DuvX: ¢(pp — bbX) = 284 +20 49 ub )
PLB 694 (2010) 209-216
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Ongoing Onia Studies (1)
> Y(2S): currently two channels under study

® \(2S)—upu: cross sections will be measured for prompt and b
components in bins of prand y

® y(2S)—J/ynn: control channel for X(3872)—J/wnn

R
S 2500 —_ a™ T | T T T T |
Q L~ 600 nb" L LHCb Data Preliminary
= 2 - F 600 nb" '
= 3
+ 20008 S ‘}
2 2
c ] 2s)—J/pynn |
Q + - s \II( \l’
> [ 200
b 1500: \tfﬁ 5 { W t {
1000 W(28)—pp - i
- LHCb : i W -’: ; c#sSlgangl 43?11M4e1v
Preliminary ) HE
500 \&=7 TeV Data - 50 a
L : 0 1 1 1 1 | 1 L1 PR | 1 1 1 1 J
) SV WS Y S SN S S S SN S S S W W S — — 3600 3650 3700 3750
3500 3600 3700 3800 M [MeV/ca

m(u*u’) [MeV/c’]

Studies given here and below will be performed with full data set
collected during 2010 (~37pb-1)
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Ongoing Onia Studies (2)

Ye—d/py

> Yc1,2 are important sources of £ Cuucn vaa pretiminary
prompt J/y production:~30% ¢ g""’""' ‘
feed down contribution 42000 e

ISO()::— i

i H signal 2550 +/- 170

1000 — fraction z_, = 0.6 +/- 0.1
> Their production ratios with n ML) M) = (0410 +- 0.05) GeV/c
respect to J/\y will be measured
in bins of PT 0 T s

AM [GeVic)

2010 12R3HEHER 17



Ongoing Onia Studies (3)

> X(3872)—J/ynn:
® 433195 signals observed with 5 pb-!
e Properties (mass, cross section, efc) will be measured

> Y Studies
® Cross section and polarization will be measured with Y'—pup in
bins of prand y for Y'(1S),Y'(2S),Y'(3S)
NU L L
-~ - 2%
2 5000: | " M,_\_ﬂ%*f'_ 900— e
= i | «Fk"‘*r 7 800; -b : mean (1S)= 9455.9+ 1.2 MeV/c®
. i st +A 4 -~ Preliminary )
o 4000~ +.:k¥"m 15 ool VE=TTev 6 (1S)= (46.8+1.2) MeVic
[z : g A 12 E ) Ny (1S) = 3159178
o ! **;# 12 oo jL~4 pb Nyignal (25) = 789+ 48
T _ | s 7 = Nyignat (35) = 405 + 39
3000[ L 1 Q 500 i
S 12 o i, YOS
i b 1 @ 400 ¥ g
o o XC8I)oIfymn ] § oy Y(2S)
L ] T = | A
o m(y(2S)) = 3685.9+ 0.1 MeV/c? - g 2001 '
1 - LHCb 6 = 2.6+ 0.1 MeV/c? 12 =
000_— Preliminary N(y(2S)) = 2991+ 101 ] 100 _
gt emmmmeroned U E e,
of spbt . - 800 8500 9000 'ésoé_[ ;1'00010 10500 11000 11500 12000
3600 3700 3800 3900 M(ww”) (MeVic)

m(J/y ©* ) [MeV/c?]
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Conclusion

> New Results with 5.2 pb-! data for both prompt J/Ay and J/y from
b cross section are given in 14 bins in pr and 5 bins in y

> Integrated cross section for prompt J/y:
o (prompt J/¢, pr < 14 GeV/c, 2 < y < 4.5) = 10.8 £0.05 + 1.517352 ub,

> Integrated cross section for J/y from b:
o(J/Y fromb, pr <14 GeV/c,2 <y <4.5) = 1.16 £ 0.01 £ 0.17 ub

and bb cross section in 47 (extrapolation based on Pythia):

o(pp — bbX) = 295

1

48 ub

> LHCDb has a very rich onia program

2010F12H3HEH A
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Results in Tables: Bin ye [2,2.5]

Prompt J/y

20<y <25
pr(GeV/c) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8
3%&; (nb/(GeV/c)) 11174 15318 12550 796.3 4349 235.5 119.2 65.2
stat. error (nb) 72.0 38.6 20.8 11.0 6.0 3.6 2.2 1.5
cor. syst. error (nb) 155.0 2125 1741 110.5 60.3 327 16.5 9.1
uncor. syst. error (nb) 231.5 2894 1122 45.0 225 12.3 6.2 3.1
total error (nb) 2878 361.1 2082 119.8 64.7 35.1 17.8 9.7
pr(GeV/c) 8-9 9-10 100-11 11-12 12—-13 13—-14 14-15
a}j—ﬁm (nb/(GeV/c)) 380  19.7 119 6.8 47 3.0
stat. error (nb) 1.0 0.7 0.5 04 0.3 0.3
cor. syst. error (nb) 53 27 1.7 0.9 0.7 0.4
uncor. syst. error (nb) 1.0 0.5 0.3 0.2 0.2 0.1
total error (nb) 5.5 29 1.8 1.0 0.7 0.5

2010F12H3HEH A
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Results in Tables: Bin ye [2.5, 3]

Prompt J/y

25<y <30
pr(GeV/c) 0-1 1-2 2-3 3—-4 4-5 5—-6 6—-7 7—8
3‘%‘:{; (nb/(GeV/c)) 8646 1526.6 12437 736.6 402.0 2115 106.9 57.9
stat. error (nb) 13.0 127 9.3 5.8 34 2.2 1.5 1.1
cor. syst. error (nb) 1200 2118 1725 102.2 55.8 29.3 14.8 8.0
uncor. syst. error (nb) 1358 403 247 184 12.1 7.9 41 2.8
total error (nb) 1817 2160 1745 104.0 57.2 30.5 15.5 8.6
pr(GeV/c) 8§8-9 9-10 10-11 11-12 12—-13 13—-14 14-15
3‘;%7 (nb/(GeV/c)) 31.3 17.8 10.1 6.0 3.6 27
stat. error (nb) 0.7 0.5 0.4 0.3 0.2 0.2
cor. syst. error (nb) 43 2.5 1.4 0.8 0.5 0.4
uncor. syst. error (nb) 0.3 0.2 0.1 0.1 0.1 0.1
total error (nb) 44 2.5 1.5 09 0.6 0.4

2010F12H3HEH A
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Results in Tables: Bin ye [3,3.5]

Prompt J/y

3.0<y <35
pr(GeV/c) 0-1 1-2 2-3 3—4 4-5 5—-6 6—7 7—8
3‘}%&7 (nb/(GeV/c)) 7673 14102 10792 6265 3328 170.7 844 45.5
stat. error (nb) 7.2 8.6 6.8 46 28 2.0 1.3 0.9
cor.syst.error(nb) 1065 1957  149.7 86.9 46.2 23.7 11.7 6.3
uncor. syst. error (nb)  46.6 27.1 19.3 13.9 93 54 3.1 1.5
total error (nb) 1164 1977 1511 88.1 47.2 244 12.2 6.6
pr(GeV/c) 8§8-9 9-10 10-11 11-12 12—-13 13—-14 14-15
B?r_if?ﬁ (nb/(GeV/c)) 23.8 129 8.0 46 29 14
stat. error (nb) 0.6 0.5 0.4 03 0.2 0.2
cor. syst. error (nb) 3.3 1.8 1.1 0.6 04 0.2
uncor. syst. error (nb) 0.2 0.1 0.1 0.1 0.0 0.0
total error (nb) 34 1.8 1.2 0.7 0.5 0.2

2010F12H3HEH A
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Results in Tables: Bin ye [3.5,4]

Prompt J/y

35<y <40
pr(GeV/c) 0-1 1-2 2-3 3—-4 4-5 5—6 6—7 7—8
3%; (nb/(GeV/c)) 6290 11278 8594 482.6 250.3 121.5 60.1 30.1
stat. error (nb) 57 6.9 6.0 3.9 2.6 1.6 1.1 0.7
cor. syst. error (nb) 873 1565 119.2 67.0 347 16.9 8.3 42
uncor. syst. error (nb)  23.1 23.3 19.4 13.3 7.7 5.2 2.0 1.0
total error (nb) 90.4 1583 121.0 68.4 35.7 17.7 8.6 44
pr(GeV/c) §-9 9-10 10-11 11-12 12—-13 13—-14 14-15
724 (nb/(GeV /c)) 163 84 5.0 2.7 1.2
stat. error (nb) 0.5 0.4 0.3 0.2 0.1
cor. syst. error (nb) 2.3 1.2 0.7 0.4 0.2
uncor. syst. error (nb) 0.2 0.1 0.1 0.1 0.0
total error (nb) 2.3 1.2 0.8 0.4 0.2

2010F12H3HEH A
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Results in Tables: Bin yc [4,4.5]

Prompt J/y

40<y <45
pr(GeV/c) 0-1 1-2 2-3 3—-4 4-5 5—6 6—7 7—8
3%; (nb/(GeV /c)) 4583 8268 6022 322.5 167.2 77.5 347 17.8
stat. error (nb) 5.6 6.8 59 43 2.8 1.7 1.1 0.7
cor. syst. error (nb) 63.6 1147 836 447 23.2 10.7 48 25
uncor. syst. error (nb) 283 282 23.0 143 6.5 2.9 1.5 0.8
total error (nb) 69.8 1183 869 47.2 24.2 113 52 27
pr(GeV/c) 8§-9 9-10 10-11 11-12 12—-13 13—-14 14-15
225 (nb/ (GeV /c)) 87 42 23
stat. error (nb) 0.5 0.3 0.2
cor. syst. error (nb) 1.2 0.6 0.3
uncor. syst. error (nb) 04 0.2 0.1
total error (nb) 1.3 0.7 04

2010F12H3HEH A
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Results: Mean pr

Ty L e LA S S S S S S e B B R p
> 35 LHCb Preliminary L5 on
S,
A 3 —
- —_—
% 2.5 — — -
2

15F e J/yfromb
1 = prompt J/y
0.5

0
2 2.5 3 3.5 4 4.5

y

> Obtained by interpolating the measured cross-section with a cubic B-
spline function

> J/y tfrom b: Mean pr20% higher than prompt J/y
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Ongoing Onia Studies (1)

> J/y polarization measurement

e Full angular momentum study in bins of prand y

> charmonium—pp: Study simultaneously different charmonium

states (/1¢,)c....) decaying to pp
—~ 4000 ———— :
“o oSaus = 8.6+ 1.7 MeV/c?
> 3500 M, = 3098.1% 1.8 MeV/c?
= . Ney, = 68139 + 287

o Ng, = 619+ 121

S

= -

b

c

]

i LHCb

Preliminary

vs = 7 TeV Data
L =35+ 3.5 pb"

J/\|I —>pf)

SR |
ke

3100. — .3200- — .3300
M(pp) (MeV/c?)

Events / ( 10 MeV/c?)

, S—
c%aus = 11,1+ 2.0 MeV/c?

= 3095.7 + 1.6 MeV/c? .
Ng,, = 3125+ 67 -
N. =

b component:

+ k

LHCb
Preliminary

\s =7 TeV Data
L,=35% 3.5 pb"
I a a

3100 3200 3300

M(pp) (MeV/c?)
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Methods for Mass Fit

2.218=0.03493 p0 1.039 = 0.05511
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