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Outline
LHC and ALICE. ATLAS, CMS, LHCb

J/y productions: single, double & central exclusive

v(2S) production

* Xc1,2 cross-section ratio measurement
X(3872) production and mass measurement
Early results on B, production

Summary
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LHC in 2010-2011

pp collider 2010-2011:
=@ /s =7 TeV
= L & 103! - 1033cm-2 s-!

- -« 2010/11/05 08.3¢
,‘ﬂ.r;_,,_i%a?ﬁgs' 5,_5__'_": A LHC 2010 RUN (3.5 TeV/beam)
P 5 Point 1 2z Point 2 ,::;
; i £ . _ PRELIMINARY (+10% scale)

%‘

g 1

£

2 -1

- 10

2

(1]

& 10 ?

£
-3

g 10 ATLAS

2 e .

3 10 {&- ALICE*
J¥ ~/— CMS/TOTEM

10 @ LHCb
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* ALICE : low pile-up limited since 01,07.2010
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Detectors
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(Pseudo-)Rapidity coverage
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J/y,y(2S) > pp

« J/v, y(2S) —»pp plays a central role in all analyses covered
in this talk

\s=7TeV, L =40pb"
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- All experiments have efficient trigger(s) for the dimuon final
state
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J/vy production: Notations

For p+p —» J/vy (—pp) + X, the differential cross-section can be
parameterized as

d*o d?o
/ — 1.3 p(ea ¢) L
dptdyd COS 9dq5 dptdy polarization

cross-section

Polarization parameters depend on p,, y, and frame choices

+ 2 <—— Collins-Soper axis (CS): = dir. of colliding partons
guarkonium

Helicity axis (HX): dir. of quarkonium momentum
rest frame

production s ; 8 i
plane e | e /0(97 qﬁ) x 1+ /\(_)(pt, y) COS2 0

p + Ag(pe, y) sin® 6 cos 2¢
+ Xoo (Pt,y) sin 26 cos ¢
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J/vy production: An introduction

Long history cross-section/polarization measurements and
theoretical calculations, still not so satisfactory. Predictions from
NRQCD Color Singlet Mechanism and Color Octet Mechanism:

- CSM: LO + NLO + part. NNLO can reproduce cross-section
CSM + COM: LO + NLO data at the Tevatron

- CSM alone is not able to predict the polarization (J/y & y(2S))

1
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o e = 08} Psi(2S) 3
“F E 0.6 e CDF Data E
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0.2F NRQCD 3 0.2 o 3
T Of - s 1 O of —+—— y
- —_,—y 3 3
0.2 — : 0.2 ] ]
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08F T 3 -0.8 —— k-
ol i A i 1 29 . L L 1 3 19
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PI (GC\’!"C) PI ((JC\'.'C)

( For a recent review, see J.P.Lansberg's talk at Quarkonium Production: Probing QCD at the LHC, April 18-21
2011, Vienna University of Technology, Vienna, Austria)
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J/vy production: An introduction

* Polarization results maybe highly depend on rapidity
range, frame...

" 2041 ‘ ® E866: pCu, 0.25<x.<045 Vs=38.8GeV
(Yb,ppVs=196TeV| o < f, CollnsSoper | yerag oA 034<x <014, vs=416GeV

: 0-2-_ A ¢ s vl < A Vs = I \/
(<°’°-4T| 4 CDF Run I + +H— CF g lyl<06 1960 Ge\
ng_l | ’_+7 lL ' 0 e -
: . _ i :
. L |yl <04 '0-2?++l l Helicity _*_

1 ; l ly| <0.6 Q4
02 L | L& Collins-Soper
s He||C|ty frame 0.6 E866:  PRLI1, 211801 (2003)

3

041 PRL 85, 2886 (2000) - HERA-B: EPJ C 60, 517 (2009)
T | | | L' L Lt PRL99'132001 [2007) '0.87 N FERTE FETT FYETY fEra uli bbbyl byliibinlin

5 7 9 11131517 19 21 23 26 0 1 2 3 4 5 7 9 11 13 15 1719 2 23 25

P, [GeVic] pr [GeVic]

+ The detector acceptance is also a function of
p'l'l YI 90 (I)
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J/v production : An introduction

The task is further complicated due to different sources of
J/y production.

prompt: direct + feed down from y., y(2S)
non-prompt: from b hadron decays
Separation of feed down component is challenging

~ 30% from . at Tevatron (CDF Collab. PRL 98(2007) 232001)

B— J/y + X component could be separated from the prompt
component by a quasi-proper time variable
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J/v production : Strategy

Ideally a joint fit at each (p;, y) bin on (M7/v, t, cos6, ¢) can

simultaneously measure

d2 gprompt d? O-B—>J/¢

dp.dy dp:dy

/\9(1)1 - ',l/) /\o(pt~ ‘!/) )\Ho(l)t ; y)

High production rate of J/y makes it possible, even with 2010 data.

In practice for the first LHC measurements,

‘)
do

[
4

- inclusive
dp:dy

d2 gprompt dQO.B—>J/w

- separately dprdy and ey ;

- unknown polarization taken as systematics
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ALICE, arXiv:1105.0380
ATLAS, arXiv:1104.3038
CMS, arXiv:1011.4193
LHCb, arXiv:1103.0423

Parallel session talks:
C. Schiavi(ATLAS) @Heavy
Hadrons
F. Kramer(ALICE) @ Quarkonia
B. Akgun (CMS) @ Quarkonia
G. Sabatino(LHCb) @ Quarkonia
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Counts per 100 MeV/c?

N J/y candidates/5 MeV/c?

J/y— pp mass distribution
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Inclusive J/vy production

ALICE studies:
- VS =276, 7 TeV
- p*p- channel at forward region (2.5<y<4)

- also able to reconstruct J/y's in the e*e- channel (|y|<0.9)
- acceptance for J/y down to p,—0

° 2 F  ALICE preliminary
> — o ~ 9 inclusive J/y production
8 1 = AL I C E %.' ; [} e'e’, pp\s=7 TeV, L=3.9 nb (arXiv:1105.
— u T r A p*w, ppNs=7 TeV, L=13.3 nb! (arXiv:1105.0380)
'g. :—E—' E b}" 8: [ ] e'e, ppys=2.76 TeV, L=1.1 nb"
~ I T [ ® ', pps=276 TeV, L=20.2 nb"
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= 81 + 1 (stat.) + 10(syst.) £33 (spin) + 3 (lumi.) nb
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J/y from
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b-hadron decays
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Remarks on J/y production

The first results shown based on ~ pb-! data.

Much larger samples collected in 2010-2011

34000r x10° —_ A e
g B bt 3 L i 0 20 cus pretiminary, Vs = 7 Tev 1
= 3500 ALICE Performance 8 B ATLAS Preliminary S - reliminary, Vs =7 Te! L, =40 pb
® L 2015/2011 ~ 100 — ® . F * dta
3000} 2 C \s=7TeV Y] | —— signal+background
F Ny, = 15090+ 278 = _F f Ldt=41pb” 8 L ------- background-only Iyl <24
2500f G,,=85.6+ 1.0 MeV w 80 N, = 846000 = 1000 S 8ol
: SIB (30)= 2.5 5 e GeV S | osssmeve
20005 § [ u,, =3.095 = 0.003 Ge = C
; E 60_— Oy = 65+ 1 MeV P 60 r
+ | (] C B
1500} £ wl 2 awf
i | 3 F I} 5
1000} | ALICE £
F [ o r u
ATLAS
.' e S SUTTTPPRE, . S—— I I I I I T I B B
e LS Lt Chasb, e O e — - 96 27 28 29 3 31 32 33 84 35
M, (Gev/c?) 26 28 3 32 34 36 238 . [GeVi u* w invariant mass [GeV/c?]

Detail studies including polarization measurements are underway.

— provide more results to test theory
— reduce systematic uncertainties
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LHCb: Double J/y production observation

+ Ever seen in NA3 (p-platinum)

in 1982, first observation at
hadron colliders.

- Sensitive on CSM vs. COM

C.F.Qiao et al., J. Phys. G37(2010) 075019
A.V.Berezhnoy et al., arXiv:1101.5881

- Analysis performed in the
range 2<y<4.5, p,<10 GeV/c

-4 muons from the same vertex
- Fit M(p*p), in bins of M(u*u-),

Double Crystal Ball for the signal

Exponential for the background.

LHCb-CONF-2011-009
Parallel session talk:
G. Sabatino (LHCb) @ Quarkonia
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LHCb: Double J/y production observation

- Correct each event with ¢!

[20 MeV/c'Z}

- Fit M(u*p-), event yields ’“ﬁ
projected M(p*p-), dist. e

dNeorr

RISy LHCH Preliminary]

[ Ldt =35.2pb-!

— 400 ————— [ r
; A0 P 03— — ‘3.051 ) 13{1L — 13.l151 J 13:.2
 w B (&l Preliminary TG Gev/e?]
s [ Ldt=35.2 pb
Njjpipp =139.6 £ 17.8

NE 1 = 667.1 £ 127.0

% 8 10 12 14
111 1A1, 1AL [(:':(‘\7/('2}
1 Ccorr H .
oI — X B x N§h = 5.6 £ 1.1 + 0.5 + 0.9 (tracking) & 0.6 (Iumi) nb
Thallhy
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LHCb: Exclusive J/y and v (2S) production

object is exchanged.

Detector

10 m

14 June 2011

Production of 1 J/y and nothing
else: possible if one colourless

Full LHCb

LHCb-CONF-2011-022

Parallel session talks:
G. Sabatino @ Quarkonia

Muon

Primary Vertex

Backward Tracks
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LHCb: Exclusive J/y and v (2S) production

Unambiguous evidence of pomeron, search for
odderon.

N
a
-]

Selection:

Events per 5 MeV
8

- No backward tracks (gap of 2
units of rapidity)

- Only 2 forward muons.

- 2 20F -
pr(np)<900 MeV/c 22 e :
- No photons N o Preliminary
o 1up\S=7 TeV
§ nf
Wk
8-
6
S L L
g.4l = I3!5] - I3.|6I = I:!.l'l'l ‘ Il‘S.ISI < kJé.]Ql ‘ IllJ.4

Invariant Mass (GeV)
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LHCb: Exclusive production (several modes)

Experimental Results Theory Predictions

Jig -> Ptu-: 474 +/- 103 pb 5 292 pb (Starlight) 330 pb (SuperChic)
330 pb (Motyka&Watt) 710 pb (Schafer&Szczurek)

P -> Ut e 12.2 +/- 3.2 pp =——> 6.1 pb (Starlight) |7 pb (Schafer&Szczurek)
Xo->H*HY: 93+/-45pb —m> |4 pb (SuperChic)

Xi-> utpY: 164 +/-7.1 pp —> 10 pb (SuperChic)

Xz -> pu*tp-Y: 28 +/- 12.3 pp — > 3 pb (SuperChic)

YY -> ptpu-: 67 +/- 19 pp —> 42 pb (LPAIR)

e Large Theoretical uncertainties (Except DiPhoton DiMuon prediction, uncertainty ~ %)
e Predictions contain Rescattering Corrections

(Extra strong Interaction between protons alters cross-section by ~20%)
* Results are consistent with predictions

14 June 2011 Y. Gao Hadron2011 22



LHCb: y(2S) production

Parallel session talks:
G. Sabatino (LHCb) @ Quarkonia

B. Liu (LHCD) @ Quarkonia
= Exploited in two modes 2| e
= Y(25) = W [BR=T.740.8 X 10 s ¢ | 4oy s
AL = A e = o o
= Y(2S) = J/Y(utp) atn[BR=19.9+0.3 X 103 iﬁ— : P
. 10 == =
. .S S . |
Cross:s?chon in bins O<p<12 GeV/c, 2<y<4.5 | LHCD Py
?’n 1E_. +TI . :v::nvailurmn & _ det — 35pb-1
o ‘_ :*: ] « . ® 8 0 o J;’
v | "N o
?5 10 LHCb ﬂ'—'*‘:.: %' 10“2
E. o, }é F ++
gt [ Ldt =35pbt s W T
t: L
] L | H e
10°5 +y_Q Ma et al. PRL 106 042002 - Ch Ty
F (2011) private communication. [ T
10‘02‘iéé11011l21ldlﬁ1182L0 % det 35pbl
P, [GeVic] -
L S N TR “1'4';@%;,;]
o(inclusive y ;0< p <12GeV/c,2< y<4.5)=1.88+0.02+0.31*9%_, ,. ub
o(inclusive w ;3< p <16GeV /c,2< y<4.5)=0.62+0.04+0.12*997_, ., ub
Main systematics : polarisation (up to 12%), trigger (18%) & tracking efficiencies (16%)
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Y. first appearance at LHC

R=c(x.. )o(x.1) is an important
observable for model builders

Xe DI/ y +y

CMS DPS-2011/006
LHCb-CONF-2011-020

Parallel session talks:
B. Akgun (CMS) @ Quarkonia 3
B. Liu (LHCb) @ Quarkonia 5

challenge to reconstruct low p; photon

Good mass resolution to resolve the
small mass difference

Photon reconstructed by
- CMS: converted e*e- pair

- LHCb: converted e*e- pair + EM shower

14 June 2011 Y. Gao Hadron2011
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F —x 1%

\

Decay rate
o — Ihy to J/LIJV
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Y. first appearance at LHC
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CMS Experiment at LHC, CERN v [ VTV 6=10.9£1.
Data recorded: Thu Oct 14 08:17:48 2010 CEST = 501 -[ _ 9 m, =3.5020. eVIC
Run/Event: 147929 | 30084678 : o [ Ldt=40pb 8 2
Lumi section: 31 ,1 ‘: i n <1 Am, =456 MeVic
OrbiCrossing: 8045444 /2047 s oy T My
» B p:>0.SGeV
& i
> -
w
20k o=11 MeV/c?
10F
! L1 alaatlarderrT® i,

36 3.8 40
My e - Mye e + Mo (V) [GeVic?]

B ——

e s \ , 92 ad

£

14 June 2011 Y. Gao Hadron2011 25



Y. first appearance at LHC
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* Next step:
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Y. Ma, K. Wang, K.T.Chao, arXiv:1002.3987
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X(3872) at LHC
X(3872) discovered by Belle in 2003,

CMS PAS BPH-10-018
LHCb-CONF-2011-021

: : + - Parallel session talks:
and confirmed by experiments at e‘e ), Wang(CMS) @ Quarkonia
and hadron colliders (BaBar, CDF, DO). B. Liu (LHCb) ~ @ Quarkonia

R. Cardinale @ Heavy Hadrons

At LHC, the first observations through X(3872)—>J/ynn
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X(3872) at LHC: production

Using 40pb-! data, CMS measured the ratio
o (X (3872) — Jyrm)
o (¢ (2S) — Jynm)

Corrections due to kinematical differences of the decay products
estimated by MC.

R =

Remaining sources of systematics:
- Background parameterization and signal extraction. 5.3%

- non-prompt fraction of X(3872) 6.0%
- X(3872) production mechanism 3.5%
- limited statistics in MC samples 1.8%
- Uncertainty on the pion tracking efficiency 4.0%

R = 0.087 £ 0.017(stat) £+ 0.009(syst)
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X(3872) at LHC: mass determination

+ Using 35pb-! data, LHCb measured the mass of X(3872)
*  Momentum scale calibrated by the 2-body decays

' Decay | Measured mass [MeV/c?] | PDG average [MeV/c?] |
T(1S) — ptp~ 9459.90 = 0.54 9460.30 £ 0.26
J/p — ptp 3096.97 = 0.01 3096.916 + 0.011
DY - K—nt 1864.75 = 0.07 1864.83 £0.14
Kg —ata~ 497.62 £+ 0.01 497.61 £+ 0.02

and checked by y(2S)—>J/ynn:
3686+0.06 (stat) 3686.9+0.04

' Source of uncertainty | Value [MeV/c?]
Mass fitting:
. Natural width 0.02
CDF 5 -3 Background model 0.02
; ’ ' ‘ Fit range 0.01
BaBar B : : s H—e—
e 7 Momentum calibration:
BaBar B’ e o 0 Average momentum scale 0.05
5 E 5 5 5 | " n dependence of momentum scale 0.03
o ; ; : N | Detector description:
Belle E i Energy loss correction 0.05
i 5 : Detector alignment:
FD Average 3571502002 M Tracking stations (T'T information) bl
LHCb Preliminary . B Vertex detector (track slopes) 0.01
: ‘ Quadratic sum | 0.10
New average 3871.63 £0.20| I :
11 i1 I - I - l B . LN I - - 2
3867 3868 3869 3870 3871 3872 3873 38743 387196 £ 0.46 £ 0.10 MeV/c

X(3872) mass [MeV/c?]



X(3872) at LHC: prospects

Is X(3872) charmomium ( 1n.(1D) ) or charmonium-like(DD*,
tetraquark,...)?

- understand the prompt & b— X(3872) component
- determination of the quantum numbers from B — X(3872)K
( ~ 1000 events reconstructed in 2 fb-1)
- determination of the width (PDG: < 2.3 MeV/c2, CL = 90%)
- study the decay mechanism...

Observation & Study of other (and more?) X, Y, Z states
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Very first result on B, at LHC

B. is a unique meson formed by two different heavy flavor
quarks in SM - neither charmonium nor charmonium-like!

Based on 32.5 pb-! collected at LHCb, a ~4c signal seen

B —» J/yn*

With almost identical selection on
Nsig =43413

B - J/vy K, the ratio

B — o(Bf) x BR(BE — J/yn™*)
°T 7 6(B*) x BR(B* = J/yK*)

[ Ldt =32.5pb!
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Q*E Summary & prospects

LHCD
J/y production has been studied with the first ~pb-! of da'ra

prompt & from b hadron decays, agrees with theoretical
predictions. Polarization measurements are under way.

Double J/y production, exclusive J/y production, y(2S)
Production, and y.,, production have been studied by LHCb
with 2010 data. Mor'e results tfo come...

X(3872) seen again at LHC | More results on quantum numbers,
production and decay mechanism are foreseen, in addition to
the cross-section measurement (CMS) and mass determination

(LHCb).

With the first appearance of B_, precise measurements on
mass/lifetime/cross-section, observations of new decay modes
efc...
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