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e INTRODUCTION

o Quarkonia production mechanism challenging for theory

» Several theoretical models 100 g ey
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CDF Runl data for leading order colour singlet)
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KEs INTRODUCTION I

However:

LO CS does not describe J /1 production

. Undershoots measured cross-section
LO can be fitted to data, but does not provide scale

« Also predicts wrong polarisation

NRQCD factorisation valid at very low values of p: ?
% feed-down predictions compatible both with low
energy (e.g. PHENIX) and high energy (Tevatron, LHC)?
Recent NLO corrections at high p for y.:

« NLO corrections become large

« Make CS contribution negative and comparable to CO

» NLO scale as 1/p; — NNLO probably small

— Further charmonium studies needed
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e OUTLINE

« LHCb:
» forward arm spectrometer: unique rapidity range
= complementary to ATLAS/CMS/ALICE

_ r.__1
n: -8 -6 -4 -2 0 2 4 6 8

o In this talk: 0 A e BT
: LHCb ATLAS
o (2S) cross-section
o Y(1S) cross-section _
o Ratio of 0(c2)/ 0(yc1) ol =1 ol '!— r—— =

g
» Exclusive y. Production CMS ALICE

pseudo-rapidity (1) coverage

~ Xb , ECAL, HCAL, counters lumi, muon, hadron PID
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{8 X C RELATIVE CROSS SECTION

e Measure production cross section:

Xc el Xe
alxes) N : ef/ibd% €sel . B(Xc1 — J/¢7)

o(Xe1) - Ny 6?;26%(626?;? B(Xc2 — J/¢y)

in bins of p«(J /) in the range: 2 < p«(J/y) < 15 GeV /¢

» Simultaneous fit to extract o, Xc1, A2 yield + BG
» Fit to mass difference Am = m(y.) - m(J /)
w |imit effect of detector resolution, absolute mass scale

» Assume unpolarised states and investigate etfect of polarisation

- Key ingredient: Determination of the various efficiencies
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&4 PHOTON IDENTIFICATION

o Photons are reconstructed using the Calorimeter o &
S ¥ ¢ ECAL HCAL
e Unconverted photons oIl
o Converted photons (y—e*e") after the magnet w5 |
o The converted photons are identified by Y —» =
requiring a signal in the Scintillating Pad
Detector (SPD)

» Photons from ¥, are identified using a Confidence Likelihood (CL):
o (Calorimeter information
» Tracking information
» Ratio of track seed energy to
ECAL cluster energy

- Additional e* rejection: no match between any track and ECAL cluster
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X c SELECTION

LHCD

 J/

= same selection as in J /1 analysis

LHCDb
\'s =7 TeV Data

v converted

-------
P
*

» Photon Selection:
» Y CL > 0.5 (from Calorimeter)
. p(y)>5GeV/c pi(y) >0.65GeV/c 1o

Events / ( 9.2 MeV/c?)
S
S

. 200 400 600 800 100!
e Fit model M(u* W y) - M(u* w) (MeV/c?)

e (Gaussian for and

L 8000 LHCb
: % 2000 \'s =7 TeV Data
(XCO as well but har dly e ~ 6000 Y not converted
- ° »
e Mass-difference function for BG =50
>SN Y
(RooDstD0BG) |5 :Zzz
>
e N.B. Calorimeter resolution too 2000

coarse to resolve 7. states 1o

200

200 600 .+.800. | '1290'
M(u* wy) - M(u" w) (MeV/c)

| E—
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K&k  EFFICIENCIES

e The following efficiencies enter
the ratio of production cross-sections

» Efficiencies are determined using fully simulated events
» Two components:
3 . Xc2 Xc2 Xcl
» 1/ reconstruction: S e e
o o o Xcl Xcl Xc2 v
w ratio consistent with 1 for all pi(J/ V) €%  Niiree N37% gen
» % reconstruction:

e o3 12— T L L
é Nixciz generated 7 ¥ i LHCb preiminary N :
— reconstructed and selected : e Pe g = Nfclc(f()z) =
0.8 . «x, rec

o N(/y): #] /¢ from a y state : " :
0.6 ° = 7

- Very similar (but not identical) j :

y 0.4_— .

» Cut piy) introduces edge : :

0.2 _.__.__.__.__._,_._*-t——ﬂ—::_

at low pdJ /) e | E

0= 5000 — I10000I — I15000

JAp p. [MeV/c]
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Xc:)/W AND Xc POLANRISATION

LHCD

g ._16 T T T T T T T | T T T T |

e <= "F " LHCD prelimi :

e Both the polarisation of J/\y and = ;£ G-rrevmec E
Y states are unknown 1.2F =
2 N B e e R S o

e Events are simulated IR S -
3 5 2 N T Tt e ° ]
assuming no polarisation *F E

. . 0.6 =

o Effect of polarisation: : o 1 M=0 :
¢ gt d 0.4 —

= Change in efficiencies M: v oM :
obtained from sim. events. L T T e

. : ; - NEi Te\l;rlt\anlémmary -

e Evaluate by re-weighting 4 E
: 1.2F e r oo oo -
simulated events: : _ == T
: ; 1__';_‘_.::—:.2_'_.—'—-—"—-—'——'—'—'—'—' E

e Fully longitudinal / osf- N ——
transverse polarisation of J /1 o6k E

e According to z component of 0.4F ; ﬁfx:) 3
Y states: M =0 ... ] o2F VTR ]
5000 10000 15000

9 JAp P [MeV/c]
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Y c ReSULTS

e LHCD:

e Error bars: stat. and

;‘5 1 6:— S csLo Z
\O’ . B . %NLONRQCD SYSt. unCertalntleS
~ |
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0o LHCb ¢ Red: NLO NRQCD
[ \'s =7 TeV Data PRD 83 111503 (2011)
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e Data between April - September 2010: ~ 37 pb-!
e Y(1S) — pu'w, photon from calorimeter system

¥ 119 ¥

e Analysis in progress: challenging hadronic environment

e Present statistics does not allow to distinguish between ypo, Yp1, b2
o« However, no y»(2P) state as hinted in CDF Runl measurement,

though ~30 times Y(1S) yield in LHCb 2010 data.
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http://arxiv.org/abs/hep-ex/9910025
http://arxiv.org/abs/hep-ex/9910025
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LHCD
THCDH CENITRAL €XCLUSIVE PRODUCEION

o Elastic process in which protons remain intact
>
.
u+
v% i
p
>

di-photon

PIiC T double-pomeron

fusion
exchange

e Analysis performed on 2010 dataset: ~37pb-!
e Veto multiple interactions: effectively ~3pb-!
e Trigger: require single muon, very low overall multiplicity
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LHCD
THCDH CENTRAL €eXCLUSIVE PRODUCTION

* Track multiplicity e Invariant mass spectrum
(triggered events) (triggered events)

2 00000 =
c 1 =
%) E . . >
S 16000 - LHCDb preliminary > o -
14000 = \s=7 TeV = LHCb Preliminary = | LHCb Preliminary
o1 = 51 \'s=7 TeV I s=7 Te
o = e -0
£ = 0 8 |
= — -
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Z | Junt i | |
1000 | — :
: [T .
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Number of forward tracks when no backward tracks Invarian t Mass (GeV) Invariant Mass (GeV)

black: all

red: no backward tracks, 2 forward tracks
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LHCD
THCDH CENITRAL €XCLUSIVE PRODUCEION

e >180
e Very clean signals 20 LHCb
. 'O 1a0F Preliminary )
e Measured cross-sections: Bl Nem7Tev ok
Fand [extra photon
S soF required)
Trpptu (2 < My, Mue < 4.5) = 474 £ 12 + 51 4 92 pb & .C
e Ao U B0k LR :g:
OxeoTjoy—pt (2 < Mty Mu—s My < 4.5) =93 +£2.2+£35+ 1.8 pb °2:' 25 24 26 28 3 '1;2' 54 36 38

Oxoros Tyt iy (2 < T, My Ty < 4.5) = 16.4 £ 5.3 £ 5.8 + 3.2 pb
Ons Iyt sy (2 < Ty Ty Ty < 4.5) = 28.0 £ 5.4 + 9.7 £ 5.4 pb

Tt O e R e BN e e B LRI A R

Mass (GeV)

2010 Data

50
- LHCb

40 Preliminary
[ \s=7TeV Data

e 0+ (stat.) £ (syst.) + (luminosity)
» Results agree with theoretical expectations
e However, further theoretical work
welcome

30F
20F

10

Number of events per 20 MeV

ChiC0 from SuperChiC MC
ChiC1 from SuperChiC MC
ChiC2 from SuperChiC MC
ChiC from Psi’ Starlight MC

14
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ik 1 (25) CROSS SECTION

L=34pb!

» Analyse two decay modes
oo 2y 45
P(2S) — uru (0<pe<12GeV/c)
P(2S) = J/pmm 3<pi<16 GeV/c)
» Double (u'yw mode) or single

Events /10 MeV/c?
[3] [3,]

(hadronic mode) differential cross section _8%_ el liciollienllt 2
d*o iy Nyes)(pT,Y) §5°°° f(
T 2l ’ 5 a000[

dprdy Lin €(p1,y) BW(2S) — e*e”) Apr Ay :
do (p ) Nlﬁ(zs)(pT) 2000 e e T -
FRRES S Sl + + = 2 F
d T mt f(pT) B(lﬁ(zs) e J/Iﬁﬂ' T ) B(J/lﬁ T ,Lt ,Ll ) APT 10005— ll)(ZS) —S J/w T[+T[

g 403650 3660 367036803690 3700 3710 3720 ‘3‘7‘3‘0‘ ‘s‘ 40
» Assume unpolarised (2S) state o

» Estimate efficiency due to acceptance, reconstruction, trigger from
simulated events
» In progress: separate prompt and  from B decay
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Y (25) POLARISATION

Effect of {(2S) polarisation on cross-section measurement
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o Cross section measured as:

e Y(2) — pH

0]

o Y(2) = J /T

0]

(0<pe<12GeV/c)

1.88 +0.02 +0.31702 ub

(3<pt<16 GeV/c)

0.62 +0.04 +£0.1277) b

» Good agreement with recent NLO

predictions

o Need colour - octet contribution

(see next slide)

» Predictions for low p¢

0O<pt<4GeV)?

5%
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Y (25) RESULT

3 1 G E
= C e
1\ - —I—_
» ST = Prompt y(2S) NLO NRQCD
E_N 1= —— . LHCb (J/yn), prompt + from-b
E = jo-a . LHCb (uu), prompt + from-b
x E —=
Ty =
§ - ==
g 107 ==
3 S
= ——
- —4—
bl 2 ——
B|5107°E 4
- LHCb 2010 preliminary
B \Vs=7TeV
103 y
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)
% 10° = LHCb 2010 preliminary
g § Vs=7TeV
£ I
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LHCD

(25) RESULT

(251 > (i
Yellow: NLO CSM+COM, Blue: NLO CSM

<y<2.5

N
N

S<y<3 d<y<4 5

Y
o

—t
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o LOCSM
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LHCb, prompt + from-b
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1
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Y PRODUCTION

500 —

335 I I‘- .

'Y(gsjf" 1,65)- Two sources of Y(1S)

800 | %o e 2

O P ﬂﬂg 2» o Direct production:
(50+1.0) x\\ h (ZP) op —
700 |- \ ;Xb( ) pp =7 bb _I_ X
600 |- _ \ ’j f’f P T(lS) —I_ X
B —IE‘Ykzzs) CZS) \ ’g-}u{?\n

\‘ o, o Feed-down from higher states
1p-,-=~—4L-¢— *—*T—“ i

400 |- h (1P) "‘»—wf-—s-—u 7,
s pp — bb+ X

(30.2+3.9) J.e’

R - #
300 [ FAE kL s X
."'.l J'JJJ'; |';. J'III .f'..? P 4 .z”ff b
a T
L /i

JJ.' :r__.- ’II-__. :__".f_.’:i:._.z / JI
100 - /’J X ? T (”S)
_." ;" ,".‘ Jl,r:‘:’/:;"! !;' { | 57
WA T s
0 iy

B =33+05

Y(1S) 7 n,(18)

-100 [~ © 2009 by Annual Reviews

500

MeV

Bottomonium states -



LHCD

» Analysis strategy:

LHCb-CONEF-2011-016

Y(15) CROSS-SECTION

» Measure double differential cross section in rapidity and p

d’o NCECLS Yy i)

dprdy = LXxexXB(Y(S) - utu-) X Ay x Apt’

» uu final state

e O<pi<15GeV, 2<y<45

» Data from April - Now. 2010,
integrated luminosity: 32.4 pb-!

» Acceptance and reconstruction
etficiencies estimated from
simulation, trigger etf. from
data

20

Candidates/(25 MeV/c?)
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Y(15) €EFFICIENCIES

1
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HCD

il RESULTS

o(Y(1S) — prw) = 108.3 £0.7 5522 nb

o Sizeable contribution to uncertainties due to unknown Y polarisation
o (+18.8 nb, - 7.9 nb) contributes to syst. uncertainty

:':‘ Luminosity Precision on beam current 10%
% Trigger Difference between J/ and Y(nS) (simulation) 0-67%
(0] L
I SRIEIEEHIon O Extreme polarisation scenarios 0-33%
.g acceptance
% rPeOclsrrwlztar Hgﬂo%n Extreme polarisation scenarios 0-21%
=
.g- Choice of fit function Test different functions 1%
N
—
§ Unknown pt Estimate effect of 0.5% p, resolution 1%
01 spectrum
A LHCb —@— 20<y<25
= Preliminary —l— 25<y<30 (Gtrli%%ael r;avent cut Statistical uncertainty on data 2%
T 10‘3 \s=7TeV —h— 3.0<y<35
Q ———35<y<4.0 Track quality cut Difference between data and simulation 0.5%l/track
% fL=32.4pb'1 ——=— 40<y<45 Track findi
o rack finding Difference between data and simulation 4%/track
O 10.4 P TR TR N T T TR N TR TN T NN T S T N TR T TN NN TR TR T NN T T T N algorlthm
0 2 4 6 8 10 12 14
Vertexing Difference between data and simulation 1%
p_ of Y'(1S) (GeV/c) | o
T Muon ID Difference between data and simulation 1.1%

Effect from Luminosity will decrease
= more precise beam current measurement

22
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COMPARISON TO THEORY / CNAS

LHCD
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R fUMMMARY

« Many measurements related to spectroscopy pursued in LHCb
o First measurement of the relative yc cross - section
using data recorded in 2010 (o()c2) / 0()c1))-
e Comparison with dedicated event generator and NLO calculation
show discrepancy esp. at low p(]J /)
e Measurement of o(y.)/o(J /) almost ready
e Branching fraction of (cc) mesons in exclusive production
e (2S) cross-section measurement in good agreement with NLO CSM
+COM calculations
e Theoretical predictions to low p:?
e Y(1S) cross-section measurement in good agreement with NLO
e Theoretical predictions to low p¢?
e Good agreement with measurement from CMS
 First analysis of xp state in LHCDb in progress
e Limited range of predictions available
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e INTRODUCTION

e Heavy Quarkonium production remains challenging problem
for understanding QCD
o AtLHC:
e cC mainly produced via Leading-Order (LO)
gluon-gluon interaction
= computed via perturbative QCD

» Formation of bound charmonium states described by non-
perturbative models
 Both colour singlet (CS) and colour octet (CO)

» Key ingredients to understand production mechanism
o J/1 and (2S) production cross-section and polarisation at
large transverse momenta (pt)
« Ratio of production rates of %2 Vs Xc1
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RICH:

VELO:
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i M5
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LHCD

Y(15) CROSS-SECTION

Table 3: Y (1S) production cross-section results as a function of y and pr, in nb. The first uncertainty is
statistical, the second systematic.

DT 0c(20<y<?2.)) 025 <y<3.0) c(3.0<y<3.)) (3.5 <y <4.0) c(4.0 <y <4.))
(GeV/c) (nb) (nb) (nb) (nb) (nb)
0-1 259 +0.18+1.00 | 278 +0.12+0.77 | 205+£0.10+048 | 198 +0.11 £055 | 247 +£0.25 +1.04
1-2 |1689+£029+269 | 670+0.19+182 | 540+0.16+1.24 | 490+0.17+1.30 | 596 + 0.38 +2.40

954 +0.33 + 3.61

848 £0.22 £2.32

6.55+0.18+1.51

545 +£0.18 + 1.37

6.69 £ 040 + 2.59

8.26 + 0.30 = 3.03

7.74 £ 0.21 £ 2.03

6.16 +0.17 = 1.40

520+0.18+1.23

586 +0.36 +2.31

8.67+0.30+ 308

6.72 £0.19 £ 1.73

516 £0.16 + 1.13

392 +£0.15+092

307+0.23+1.40

651 £0.26 +2.24

559+0.17+1.40

3.89+£0.14 £ 0.84

2.85+£0.13 +£0.66

241 £0.19 £ 1.08

459 +0.21 +£1.52

401 +£0.15 +£0.98

299 +0.12 £ 0.62

250+ 0.12 £ 0.54

1.64 +0.15 +£0.57

3.89 £0.19 = 1.25

304 £0.13+£0.72

247 £0.11 £0.50

1.61 £0.09 £ 0.35

1.37 £0.14 £ 0.46

2.65 £0.16 + 0.82

236 £0.11 £0.54

1.72 £ 0.09 £ 0.35

1.13 £0.08 +£ 0.25

0.80 £ 0.10 £ 0.26

Clow|lg|la|lwvn| | w]|
I
Olow|lwg|la|lwv| | w

I
[
-

223 £0.14 £ 0.65

1.78 £ 0.09 + 0.40

1.19+0.07 £0.24

0.84 +0.07 £0.19

0.49 + 0.08 + 0.31

10 - 11

141 £0.11 £ 040

1.14 £ 0.07 £ 0.25

092 +£0.06 £0.18

053 £0.05 £0.12

0.39 £ 0.07 £0.26

I1-12

1.31 +£0.10 £ 0.36

0.76 £ 0.06 + 0.16

058 +0.05+0.12

0.32 +0.04 £ 0.10

0.30 £ 0.07 £ 0.21

12 -13

0.77 £ 008 +0.21

059 £0.05+0.13

045+0.04 £0.09

037+0.04 +0.12

0.24 £ 0.06 £0.17

13-14

0.51 £0.06 £0.14

051 £0.05 £0.11

0.36 £ 0.04 £ 0.07

0.18 £0.03 +£0.05

0.05+0.02+0.03

14 - 15

047 +0.06 £0.13

0.32 +0.04 +£ 0.07

0.24 £ 0.03 £0.05

0.13+0.03 +£0.04

0.08 +0.03 + 0.07
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el  Y(S) EFFICIENCY
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LHCD

U (25) RESULT

P(2S) — pp
pr (GeV/e) 20<y<25 25<y<30 3.0<y <35

0-1 138.714£18.24218.62° 34! | 95.8246.28+15447191¢ | 98.76+529+13.19%/72
1-2 285.28i22.93i38.08f8:5§g3 243.34i10.04i38.86f‘9‘8:;(1) 202.73i7.28i28.43:%2:32L
2-3 205.32+15.48+33 .58f§%;§g 181.06+8 .O3i26.76f2}1:(8)§ 179.58+6.48+23 .8738:%
3-4 153.72410.34+25.5072164 | 146.32+525419.9623)2 | 118.84+4.20+17.18+1319
4-5 96.89+5.03+12.96°19% | 93.71+£3.17+12.92: 1388 | 79.14+2.58+11.328)8
5-6 60.34+3.11+8.057),72 55.21+1.85+7.8170%, 44 44+1.55+6.16757°
6-7 37.70+1 .8415.O7j42§8 31.97+1 .14i4.30fg:‘6‘2 24.3010.9413.242%
7-8 19.05+1.14+2.5720 19.04+0.78+2.55"22° 14.42+0.67£1.937377
8-9 13.02+0.82:+1.7622¢ 10.380.54:1.44+12) 8.81+0.49+1.18+0!
9-10 7.67+0.601.04710 6.85+0.42+0.93077 5.06+0.3620.6870-4¢

10-11 54440 4420767977 4.10+£0.32+0.55%047 2814027203802

11-12 4.23+0.39+0.611 13 2.84+0.26+0.397)2 2.05+0.22+0.28+032
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Y (25) RESULT

P(2S) — pp
pr (GeV/c) 3.5<y<4.0 40<y<4.5

0-1 73.30+3.82+11.5971233 | 62.84+3.28+19.57+114
1-2 | 175.7026.11£32.667228 | 121.42+5.15+42 431982
2-3 147.19£5.45+25 917 0¢ | 104.53+4.86+30.55735)
3-4 1()0.8613.80119.033?:2‘1t 63.7713.27i17.70“:§°6‘g1
4-5 60.38+2.19£9 45380 | 4131424241024+
5-6 3398413054172 | 2194214345722 19
6-7 19.1140.85£2.71718] | 11.0020.88+2.08+04
7-8 10.48+0.58+1.40%10) | 4.60+0.53+0.83%03¢
8-9 5.61+0.38+0.7510->2 2.93+0.46+0.55%) 77
9-10 3.6020.33+0.49+03! 1400252031010

10-11 1740200247015 1.06+0.19:+£0.24+098

11-12 0.99:£0.1720.18700 0.71£0.190.197003
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Y (25) RESULT

P25 = J/pnim

pr (GeV/c) do/dpt (nb/GeV/c)
3-4 2412 +21.0 +46.3 29
4-5 156.0 + 7.7 + 30.1 *178
5-6 905 +35+ 174107
6-7 554 £19+10.6 7%
7-8 315+ 1.1 £60 3
8-9 18.1 £0.7 £3.5 3§
9-10 108 £0.5 + 2.1 *1!
10-11 6.7+ 04+ 13 %]
11-12 44+03x097%7
12-13 33+£02+0.6%75
13-14 232024053
14-15 1.5+£0.1+03 %73
15-16 1.1£0.1+02%)
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LHCD

P(2S) = prp
u: long track with muon detector hits (IsMuon)
u: pr > 1.2 GeV/c
u: track y*/ndof < 4
u: DLL,, > -1
W(2S): vertex P(x?) > 0.5%
Y(25): cos(f, =) > 0.9999 (clones removal)

Y (25) SELECTION

P(2S) — ]/ T
u: Long track with muon detector hits . pr(n™) + pr(n™) > 800 MeV/c
u: DLL,; > -1 m: DLL K- > 5
u: pr >700 MeV/c . pr > 300 MeV/c
u: p>8GeV/cand < 500 GeV/c . p <500 GeV/c
u: track y*/ndof < 4 n: track y?/ndof < 4
J/yr: vertex y?/ndof < 20 W(2S): vertex y?/ndof < 4
J/y: Mass > 3040 and < 3140 MeV/c? | ¢(2S): Mass > 3600 and < 3800 MeV/c?
J/y: pr>2 GeV/c Y(2S): pr > 2 GeV/c

O = M(Jlynr) — M(zrr) — M(up) > 0 and < 200 MeV/c?
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LHCD

e Muon detector comprises of 5 dedicated sub-detectors
e Alignment in 2010: close to expectation (12 MeV /c?)

NMUON DETECTOR AND CALORIMETER

]

""""""""""" o IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

;'c: 90F- S 20000 6046 E
2 %9F Preliminary Nog =206227 $. £ Preliminary 67+ 006 MoV ]
70F \s =7 TeV Dat m, = 3093.2 = 2.2 MeV/c 16000 <V bata . ]
= F \s=/TeV Data Ogaues = 17.7 = 3.1 MeV/c? B - = 0.06 MeV/c Z
2 o from 18 MeV /2 hue i
~ _F ro € C & 12000 =
© - ]
2 SO0F ﬁ 3 u -
: — —
g 40 5 210000f -
o - -]

> to 13 MeV/c> 3= :
2 O c C g 6000 o =

20FE -g C H H ]

= fneny 3 B .
10;—]/ — U 3 4000y i _ :

oE—Z . Lo Lo 2000 B -

2900 3000 31 00 3200 3300 ﬁ:J el ol L | B | l b I--F'I"I‘ | I I 11 “I..I J N [ L U R R l | I I T

wu invariant mass (MeV/c?) 00 2950 3000 3050 3100 3150 3200 3250 3300

w*u” invariant mass [MeV/c?]

o Electro-magnetic calorimeter
o 05/E=10%/VE ® 1%

o Able to clearly resolve e.g. M—yy

M(x 0) (MeV/c?)
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§isk ¥ ¢ RECONSTRUCTION
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3000
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ECAL

HCAL

3300

« Photons are reconstructed using the Calorimeter
o Unconverted photons
_|_ o Converted photons (y—e*e") after the magnet
e The converted photons are identified by

requiring a signal in the Scintillating Pad
Detector (SPD)

LHCb
\s =7 TeV Data

y non-converted

HCb
\s =7 TeV Data

y converted

.........
.=

Events / ( 9.2 MeV/c?)

200 400 600 '+'aoo' ' '12001 0
M(u* uy) - M(u™ W) (MeV/c)

1 "

200

M 2 2 M | M M M | M M M
400 600 800 100
M(u* W y) - M(u™ w) (MeV/c?)

N.B. Calorimeter resolution too coarse to resolve individual ). states

Fit model: Gaussian for signal, RooDstDOBG for background
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LHCb-CONEF-2011-020

{8 X C RELATIVE CROSS SECTION

o Fit model

in bins of p«(J /1) in the range: 2 < p(J/y) <15 GeV/c

» Simultaneous fit to extract %o, %c1, X2 yield + BG
» Mass difference fixed to PDG for Am(yw - %c1) and Am(¥c2 - ¥c1)
» Ratio of Gaussian resolution o(y)/ o(xc1) fixed to fit on full sample
» Gaussian resolution o(yc1) fixed to fit on full sample
» Ratio of Gaussian resolution 0(y0)/0(c1) taken from simulation

» Assume unpolarised states and investigate etfect of polarisation

v %



LHCb-CONEF-2011-020

X c RESULTS

J
P’ (GeVje) | o(xe) /o(xe) Pol.
—_— |
=" 1.6f Noso 2-3 | LasSTRR GGG | o
) B Z< NLO NRQCD
.097 +0.067 +0. .
>\N 1 4 L N aéLHCb 35 pb™! 3—4 1'321t8.8g9 tggg?) —‘—_(())857;3 ——H())gig
(3) TR XX
2 B . 0.065 +0.042 +-0.062 | +0.088
v - ‘000‘0:0 Ocor11m 4-5 1.015 "0 T0'040 ~0.055 | 0089
1.2 ":0:@‘:‘1:% 4£0.071 +0.045 +-0.066 | +0.16
- O 07N A7 "Y' <X 5—-6 1.082% 67059 Z0.044 —0.064 | —0.17
1 ,"’0000009‘0“@0‘0{,“ o %ol 0% % 6_7 1.092+0-083 +0.049 +0.066 | +0.22
- QQQOQOQQQ ‘0’0"\;*’{;’ V920,085 —0.046 —0.064 | —0.22
: e 0 ) SSSR
0.8 Q U T8 | LomnRR IR | R
R "N\ 087 et O G o e —
[ RN IIN 97 %% 2% 2% Y
L RN ,,,,‘ SGoYK05%5 7 K KB RIRN) 0.10 +0.041 +0.053 0.22
0.6F SORRRRSIIKLGL ST LSS 8—9 0.86010:10 +0.041 +0. +o0.
O P ey %t %% % %4 20,10 —0.046 —0.049 | —0.21
- IR KL N
oal R o-10 | omietg e e | 0
T \ 0.16 +0.051 +0.057 0.25
0.20 LHCb 10—-11 0.90570 15 To'0s2 Tol0s2 | To.2s
- \s =7 TeV Data 11—12 0.91079-19 +0.092 +0.064 | +0.24
0 r | | | | | | | | | | | | | | | | | | | | | | | | | |
2 4 6 8 10 12 14 -1 | sl e e | o
0.20 40.067 +0.042 0.18
pT of J/y [GeV/c] 13—-15 0.692%0:38 To'067 T0/036 | o018

e Cross-section ratio in bins of p«(J /), stat. + syst. + BR(y.) errors
e Black band corresponds to etfect of %. polarisation
e Blue: Prediction from ChiGen event simulation

e Red : NLO NRQCD calculation



L X c SYSTEMATICS

e Systematic uncertainties are from the following categories
o Fit modelling
o Background model sensitive to region just below Y1
e Background model parameters correlated to signal
parameters
e Modelling of .0 component
 Finite statistics of simulated events
o Affects extraction of efficiencies
o Branching ratio of x. — J/\y
o Affects obtaining ratio of branching fractions o(y)/0(yc1)
from ratio of yields

o o(xa1) = J/Yy:36% , o(x2) = J/ vy : 20%
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LHCD

X c: SYSTEMATICS

e Systematic uncertainties due to y branching ratios

pI¥ (GeV/e) 2-3 | 3-4 | 4-5 | 5-6 | 6-7 | 7-38
Branching ratios | T'g70 | Tolors | Tolozs | Tologs | Lolosd | —o0.063
Monte Carlo statistics | “0'019 | T0008 | ~0.007 | —0010 | ~0.013 | —0017
Systematics from fit | Y000 | T0040 | T0'034 | To0031 | 0037 | ~0.040
p¥ (Gev/e) 8—9 | 9-10 | 10—11 | 11—-12 | 12—13 | 13—15
Branching ratios | +9833 | #5947 | +0mr | soou | cnon | oo
Monte Carlo statistics | Zg'glg | 0033 | Zol037 | o053 | 0,046 | —0.05
Systematics rom fr_| 10834 | sput | toms | spox | omm | spen
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LHCD
THCDH CENTRAL €eXCLUSIVE PRODUCTION

J/Y ¥(25) X0 Xel X2 diphoton
€rrach 0.97 +0.04 | 0.97 £0.04 | 0.97 £0.04 | 0.97 = 0.04 | 0.97 + 0.04 | 0.96 & 0.04
€ 1id 0.89 4 0.03 | 0.89 + 0.03 | 0.89 & 0.03 | 0.89 & 0.03 | 0.89 + 0.03 | 0.89 & 0.03
€ 0.61 4 0.08 | 0.75 4 0.05 | 0.78 & 0.04
€ ool 0.95 0.95 0.76 0.76 0.76 0.35
Efficiency | 0.71 +0.07 | 0.71 £ 0.07 | 0.34 + 0.06 | 0.43 + 0.05 | 0.44 & 0.04 | 0.25 & 0.03
4 Events | 1468 +£38 | 40+6 25 + 6 56 4 18 99 4 29 40 + 6
Purity 0.714+0.03 | 0.67 £0.03 | 0.39£0.13 | 0.394+0.13 | 0.39 + 0.13 | 0.97 & 0.01
Less (pb™%) | 31406 | 31406 | 31406 | 31406 | 31406 | 2.3+05
Cross-section | 474412 | 122418 | 93422 | 164453 | 280454 | 67+10
xBR (pb) | £51+92 | £1.3+24 | +35+1.8 | £58+3.2 | £9.74+54 | +7+15
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LHCD
THCH CENTRAL €eXCLUSIVE PRODUCTION

e Events with no backward tracks, 2 forward tracks
e wtw mass consistent with J/ or (2S)
e #photons for J /1 cand. (left) or Y(2S) cand. (right)

l LHCDb Preliminary
| \s=7 TeV

LHCDb Preliminary
\s=7 TeV

Number of Events
—h N (%] N (&) ] » ~J

T BRI B PR D UMD Gl Y v S S R SR S
0 1 2 3 4 0 1 2 3 4

Number of Photons Number of Photons
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{68 CENTRAL EXCLUSIVE PRODUCTION

o J/a) =i (2 =N=45):6=474 £ 12451 +92pb

e StarLight: 292 pb

e SuperChiC: 330 pb

e Motyka, Watt (PRD 014023 (2008)): 960 pb
e Taking muon acceptance into account (Pythia) : 410 pb
e Rescattering correction : 330 pb (+ 10-15%)
e Uncertainty from Hera — LHC extrapolation ~10%

e Schifer, Szczurek (Diff2010, Heidelberg): 1670 pb

e Taking muon acceptance into account (Pythia) : 710 pb
e Bzdak (PRD 75 094023 (2007)): 70 - 800 pb




{68 CENTRAL EXCLUSIVE PRODUCTION

e W2S) -1 (D = =45 6122181 512 4pb
o StarLight: 6.1 pb
e Schiéfer, Szczurek : 17 pb



