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The ALICE experiment and its capabilities for quarkonia detection

J/y production cross-section at Vs =7TeV and Vs = 2.76 TeV
Multiplicity dependence of J/\y production in pp collisions at Vs= 7 TeV

Determination of the fraction B—J/\y at central rapidity and low p;

ié;wclusive J/y polarization study at Vs =7 TeV

Conclusions and prospects
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ALICE studies J/y
Chambers

/ production down to p;=0
l‘ both at mid-rapidity

(]y]<0.9) in the di-electron
channel and at forward

—

rapidity (2.5<y<4) in the di-
muon channel

HMPID
L3 Magnet
PHOS

Inner Tracking System | Time Projection VO: scintillator arrays at Muon Spectrometer:
(ITS), 6 layers: Chamber (TPC): forward and backward *Front absorber
*2 pixel layers (SPD) main tracking rapidities — used for MB *5 tracking stations
*2 drift layers (SDD) detector, used for trigger (with SPD) and *Dipole magnet
*2 strip layers (SSD) PID via specific for centrality *Iron wall
energy loss determination *2 trigger stations




pp—>J/w+X studies in ALICE
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arXiv:1105.0380"CE N7 TV |
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ALICE took data in pp runs at 7 TeV (arXiv:1105.0380, accepted by Phys.
Lett. B) and 2.76 TeV. Integrated luminosity for these analysis:

T
Vs =7 TeV 15.6 nb! 3.9 nbl
Vs = 2.76 TeV 20.2 nbl 1.1 nb

Counts per 100 MeV/c?

IMPORTANT:
for both e*e” and u*u studies the acceptances do % iof. ®OS + ALICE pp \s=7TeV
C oS arXiv:1105.0380
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q- b=
extends down to p;=0 g 8-
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Integrated inclusive J/y production cross sections:

0(2.5<y<4) = 6,31+0.25(stat)+0.8(syst) 0SS+ | oo .1y L 7Tev
o(|y|<0.9) = 10,7+1.2(stat)+1.7(syst) OMHE=R b arxiv:1105.0380

2.76 TeV

o(|y|<0.9) = 6,44+1.42(stat)+0.88(syst)+0.52(syst)*0-64(AHE=+1) _., ub
(lyl ) ( ) (syst) (syst) 1.42(AHE=-1) K v:1107.0137

0(2.5<y<4) = 3,46+0.13(stat)+0.32(syst)+0.28(lumi)*O->5S=+1) | )0 o py pb 1;
At forward rapidity the d%c/dydp; was
extracted at both the energies
— well reproduced by NRQCD
calculations at NLO

Comparison of 7 TeV results with other LHC experiments: fair
agreement both at forward rapidity (with LHCb) and at mid
rapidity, where ALICE is complementary to ATLAS and CMS

ALICE coll. - arXiv:1105.0380

S 8 ALICE preliminary S T T T T T T T T LHCb coll - arXiv:1103.0423
o —#— > 9F inclusive J/y production s 0 ATLAS coll - arXiv:1104.3038
S 1 g == % F @ e, ppys=7 TeV, L=3.9 nb' (arXiv:1105.0380) D % CMS coll - arxi '1011'4193
~ = > of A W, ppyssT TeV, L=13.3 nb (arXiv:1105.0380) coll - arAiv: : -
=} :—E}—-'_Ei_’ % 8; ®  e'e,ppys=2.76 TeV, L=1.1 nb" Q 1 3
~_ t 8 [ ® oy, ppis=2.76 TeV, L=20.2 nb’ -g_ #_‘ .
o [@— 7} - = ]
5 - 2 1
© C i
z ° o~ =¥= 5
£ 5 = = 10k i =
© 3 = E =
10 o r 1 = C ﬂ_ ]
ALICE preliminary 4 QE C - Ny
pp, 2.5<y<4 E 31_ ] |« ALICEe’e, lyl<0.9 T e ]
L ® \s=7TeV, L=13.3 nb" (arXiv:1105.0380) = . s ALICE wiy, 2.5<y=4.0 .—[3—.'_#
| ® \s=2.76 TeV, L=20.2 nb" -
%::ﬂ Tev,eCS+CO NLO 2= 10 e CMS, lyl=1.2 i
(M. Butenschoen et al., arXiv:1105.0820) - F ¢ ATLAS, ly|<0.75 =
E=515=2.76 TeV, CS+CO NLO 1 - open: reflected B LHCb- 25:3{:{4” T
(M. Butenschoen et al., priv. (iomm 1) | | — F ‘ | | | | | | | | i PR TN T N TS N T A S TN T NN T T AT W Y T N M B 1
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Yj'w = J/y yield over inclusive J/y yield

Livio Bianchi
QWG Workshop

GSI—-04 Oct 2011

J/y yield as a function of the charged particle multiplicity studied at central and forward rapidities.
Linear increase observed

;
1

ALICE Preliminary
pp at\s =7 TeV

H—

25< Y-lfw < 4.0 25<n <4.0

High P_ i
Highp_u

py¥ > 0.0 GeVic 4.0<p, <8.0 GeVl/c

1. composition : ~18% =n, K, ~82% HF
L | 1 1 L 1 | 1 L 1 1 J L 1 1 1 | 1 1 1 1 | 'l L 1 1 I L 1

of-  ALICE Preliminary

E =7 TeV 3 T
8F- pp at\s =7 Te s
-,2_ —&— Jiy > ee (ly| <0.9) T 2 og
6 —4— Jiy - (25 <y <4.0) i
5F- Y 0.6/
af- 3

- F% 0.4
3 B
/S 02
1= —— Global systematic error : 8% 5
0?} 1 1 1 I 1 I 1 | | 1 'l 1 | 'l L 1 I DD I
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dN:hJ’d?] =

anfo_

<dN_, /dn |n= o>
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d I\Ichll'lcl'ql11= 0
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N/ = N Jan]_>

The J/y yield exhibits a weaker increase with dN,/dn than the high p; muons (>80% of which are
coming from heavy flavors). Different mechanisms can explain this observation such as kinematical
effects, modification of the p; distribution, modification of the bottom to charm ratio, multi parton

interactions, etc..

Additional details in the
Gines's talk next Thursday
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At mid-rapidity (]y|<0.9) ALICE is able
to extract the non-prompt fraction of
the total inclusive J/\ cross-section:
log-likelihood fit to the pseudo-proper

decay length distribution

Resolution on the impact parameter:
,, <75 um forp;>1GeV/c
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2 o0 o N ® © a

n of J/y from b hadrons
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 I|dentification of non-prompt J/vy
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Entries/40um

10

« CMS pp, \s=7 TeV, |y_w|<1.2

[ Polarization systematics

» ATLAS pp, \s=7 TeV, |yW|:0.75

« ALICE preliminary pp, \s=7 TeV, |ij”|<0.9

>

ALICE
Preliminary

pf v [GeV/c]
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- —— 2.92 < Mie'e) < 3.16 GeVic
. = i, prompl Jiy
= — i, Jiy from b hadrons
[~ Til, b yEidof = 0.608
ALICE pp, 7TeV Fg=0.137 £ 0.054 @

1.3<p, (Jy)<7 GeVic ALICE

Preliminary

%&!. m..

- e ——
)
&&ﬁkh -8 M B
500 1000 1500
pseudoproper decay length [um]

| l d
1000

The measurement extends the p; reach of the LHC
experiments at central rapidity down to 1.3 GeV/c

Fg(1.3<p;<7GeV/c,|y|<0.9)=

0.137:£0.054(stat)+0.025-0.018(syst) gy 5 1)
-U. CS™~
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Identification of non-prompt J/y

At mid-rapidity (]y|<0.9) ALICE is able
to extract the non-prompt fraction of
the total inclusive J/\ cross-section:
log-likelihood fit to the pseudo-proper

decay length distribution

Resolution on the impact parameter:
,, <75 um forp;>1GeV/c
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ALICE preliminary pp, \s=7TeV, |y [<0.9

v ATLAS pp,\s=7TeV, ly |<0.75

[ Polarization systematics

CMS pp, \s=7 TeV, |ym|¢1.2

CDF pp, \s=1.96 TeV, |yw|<0.6

ALICE
Preliminary
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292 < Mie'e) < 3.16 GeVic

. —— i, prompt iy
= e i, 'y from b hadrons
S — y2idof = 0.608
ALICE pp, 7TeV Fo=0.137 £ 0.054 @

1.3-:pT|[JI~4r:|{? GeVie ALICE

Preliminary

pseudoproper decay length [um]

The measurement extends the p; reach of the LHC
experiments at central rapidity down to 1.3 GeV/c

Fg(1.3<p;<7GeV/c,|y|<0.9)=

0.137:£0.054(stat)+0.025-0.018(syst) gy 5 1)
-U. CS™~

The extracted value is in agreement with CDF results

Larger statistics in 2011 data with a new triggering
strategy (EMCAL)



J/\y polarization in pp at \s = 7 TeV at forward rapidity




Livio Bianchi

Polarization in a nutshell QWG Workshop

GSI—-04 Oct 2011

Collins-Soper

The polarization of the J/\y can be measured through the
angular analysis of its daughter particles. Taking as a reference N
the p*, its angular distribution can be expressed as: x 4 H

W(cos0, @) oc 1 + A cos?0 + A, sin’0 cos2¢ + Ay, Sin20 coso [/ Ocs
z

pproj
The reference frame can be chosen in different ways and is /

defined on a event-by-event basis Prarg
. bisector of the angle between proj. and
The parameters can be extracted in a 1D approach (-) target in the quarkonium C.M. frame.
- L , & Helicit
Wicos?) o 1+ Mgcos® ing oVver elicity
056 e Z
: 2 g over © . 9y
Wip) o< 14 T iﬁ cos 2, “xe%‘a““% M
- o — 37 for cosv < 0
NG} fining ¥ = { - _41 for 9 =0 x X,
o 2Ny _ pe @ — 3 or cost > .
Wi(p) o< 14 o ;? Cos 5 . 550 N/
34+ A over © —) O —
d'mte%‘a““g ¢ Poroj y P
n

. - Direction of the quarkonium in the
P.Faccioli et al., arXiv:1006.2738 C.M. frame of the collision.
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5 tracking stations (10 planes of Dipole Magnet Iron wall (muon 2 Trigger Stations (4 planes of
MWPCs with bi-cathode pad readout) (IBdI=3Tm) filter-72, ) RPCs): fast response (~2ns)

N
N
Front \\\i\\&/// b
) g ‘/ '4"9—
Lo \Q | é///' == The trigger system of the Muon
(102;,,,) ' \ H
" ] N\ Spectrometer can select tracks

above a p; threshold (in this
analysis 1 GeV/c).
The cut is not sharp.

e e

trackir;g@ﬂh

=l A We can ask the track in the

N i | Track in the tracking stations to be matched
Beam shield | trigger stations with the track in the trigger part.
For a dimuon we can ask:

* No requirement on the

Hardware momentum cut: p, = 4 GeV/c

matching of the track
In this analysis the bulk part of 2010 data is used (NO-MATCH)

The data sample corresponds to * Atleast 1 of the two muons

12400J/y (L ~100nb?) matching the trigger
(1-MATCH)

* Both the muons matching the
trigger (2-MATCH)

int

At least one muon matching the trigger (1-MATCH) is required
With this choice no p; or cos6 cuts are introduced in the J/y sample




Jhy accetancex efficiency
ppYs=T7TeV 25<y<4
ALICE Performance
29 Sep 2011

0

0 01 0.2 03 04 05 0.60.7 0.8 0.9
cosBHE

Jiy acceptance x efficiency
pps=TTeV 25<y<4
ALICE Performance
29 Sep 2011

p. (GeVic)

T

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.3 0.9 1
cosecs
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am | | | )
Jiy acceptance x efficiency
| ppE=7TeV 25<y<4
ALICE Performance
29 Sep 2011

p. (GeV/c)

T

The 2D acceptance
[p;, cosB] becomes low
for large cosO and low p;

The analysis is performed
in the region
2 < p;<8GeV/c
0<|cosO| <0.8

01 0.2 0.3 04 05 0.60.7 08 09 1
cosBHE

Jiy acceptance x efficiency
ppVsS=7TeV 25<y<4
ALICE Performance
29 Sep 2011

:I'I'.’J x

The 2D acceptance
[p;, |0]] is symmetric
wrt |¢|=7n/2: we perform
the analysis mirroring
the values of [¢| > m/2
to the region

10] 2[0,m/2]

P, (GeVic)

0102 03 04 05 06 07 08 09
coses




Analysis strategy
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Since we integrate over ¢ (cosb) to extract A4 (A,) we use an iterative procedure which tunes the MC
in order to take into account the correlations between the variables

15t measurement
7\46HE =al 7\4¢HE =82
7\"6(:5 =a3 7\4¢CS =a4

2"d measurement
}\,QHE =b1 }L(])HE =b2

Flat Ao =b3 1,SS =b4
HE —
xecs =0 . polarized MC
7\’6 =O =07L9HE =d 1 7\,¢HE =a2
}Lecs —33 7L¢CS =a4

polarized MC
HE =p HE —|
}Lecs =b3 }Ld)cs =b4

The method performs quite well, converging
in less than 4 iterations

Iterative procedure could be used also to extract A,
but
with 3 variables the procedure is less stable.
We assume it to be 0 in our MC.
We will check our assumption a-posteriori

The accxeff corrected spectra are fit simultaneously
in the four variables

cosOpe Qe COSOs s

Furthermore the invariance of the quantity

= g + 3A
r=F-3011= ]—}@-
— g

is imposed while fitting: in this way we better
constrain the fit and we require “by construction”
the compatibility between the two reference frames.
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Binning used:
|cos6|:[0.00,0.15] [0.15,0.30] [0.30,0.45] [0.45,0.60] [0.60,0.80]
|¢|:[0.00,0.63][0.63,0.94] [0.94,1.26] [1.26,1.57]

The invariant mass spectra can be fit with the sum of a signal component (parameterized as a Crystal
Ball function) and of a background component (parameterized via an empirical function).

The signal is clearly visible in all the bins (here some examples for 2<p;<3 GeV/c). The S/B further

INCreases.......

2| & wE ALICE Performance E =| & 10E ALICE Performance =
Q= E F o= E 29 Sep 2011

= F 29 Sep 2011 F . = P

z & e bins = AT
'-|<1 n PPNE=TTV ki ‘-lq L 25<y<d

25<y<4
\ -

| cosO | bins

ol b Lo A L o Lo b L L
4 4.5 E 25 3 35 4 4.5

M,.. (Ge\ﬂc’]- M,., (GeVic?)

EFENEN NEE S ETETETATE BT AT N
2 25 3 35

M,. (GeVic?)



@. Some fits: helicity frame ( 4 < p; < 8 GeV/c) -
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Binning used:
|cos6|:[0.00,0.15] [0.15,0.30] [0.30,0.45] [0.45,0.60] [0.60,0.80]
|¢|:[0.00,0.63][0.63,0.94] [0.94,1.26] [1.26,1.57]

The invariant mass spectra can be fit with the sum of a signal component (parameterized as a Crystal
Ball function) and of a background component (parameterized via an empirical function).

The signal is clearly visible in all the bins. The S/B further increases......when moving to higher p; (here
some examples for 4<p;<8 GeV/c).

F G, C
ALICE Performance | %|E.='

29 Sep 2011 b' o
ins
107 ppys =7 TeV \ 1 g
ALICE Performance :
L 29 Sep 2011
e b' pPVE =7 TeV
I cos I Ins 1“:* 25<y<4

4<p <8 GeVic E

wel < 0.63

o <0.80

Lol v bvna sy
3.5 4 4.5
M,. (GeVic?)

M. (ée\nc’i



Result of the
simultaneous
fits after the
last iteration
of the
correction
procedure
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The Ay, value in the MC iterative procedure was assumed to be zero
We can check the validity of our assumption by correcting the d) distribution with the MC tuned in the
Lg and A, parameters after the last iteration!

Zl = u C
- - C B —— Constant fit
-|'s 3800[— % a2 e
All th ted o SR f‘
e correcte B i C
2500 - -
spectra are : :
$ p 2000[- - + P '—_i_' N . R
flat : ! ; : —t -t '
° ool -t 1 g i
- ¥2NDF = 1.1 F ¥2NDF = 0.9 F ¥y2INDF = 1.3
1000 - -
We conCIUde ; HELICITY E HELICITY ; HELICITY
that the SDIJE— 2<p, <3 GeVic E_ 3<p, <4GeVic E_ 4<p <BGeVic
- — Cocv b b b b b v v b b b b v e bvv e b b b v i Iy
assumption A |
. - e 3500:— :— ALICE Performance :—
}\494):0 in the | < E ] 1 + . . F 29 Sep 2011 r
analysis e —t—t PRodIvIX \S=TTeV g
- [ 25<y<4 F
procedure is 25005— E acc x eff corrected E_
2000 - -
reasonable § } ' ! —— A
15005— ¥%/NDF = 0.5 _ ¥2NDF = 0.2 _ 7NDF = 0.8
1000 E g
g COLLINS-SOPER COLLINS-50PER g COLLINS-SOPER
5lJl:IE— 2<p1<3GeV-‘c _ 3<p1-=4GeV.‘c E_ 4< pT<SGeV.‘c
90'\||||||||||||||||||||||||||||||'||||||||||||\||||||||||||||||||'|||||||||||||||||||||||||||||||

0.5 1 1.5 2 25 3) 0.5 1 1.5 2 25 3) 0.5 1 15 2 25 3

101 10| o]
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— T ———— T
Prompt J /y, \s=7 TeV LHCb ]

We are measuring the polarization of inclusively-produced J/\y ¢ ogzgt—j:__f .
s F T

Bls e === E

What would be the value of the polarization parameters for = F +“_'5§:¢;=‘= E

YE L 20<y<2s D E

promptJ/y? EENNT =, ]

We know the fraction of J/\v coming from B decay from LHCb(*) U 5 Y heva

(from 10% in our first p; bin to 15% in the last) N ' ey e

B e z

The polarization that a J/y coming from B decay acquires in the B v e *::f%j;_ 3

hadron rest frame is largely diluted when observed in the J/y Loz Tt

rest frame (see LHCb MC study(*) which uses the BaBar D do<yas F e

measurement(**) of non-prompt J/\ polarization) o

(*) LHCb collaboration, arXiv:11(53[.G(e)\£1/52)3

S ”* +*+ o
) + 3 . .
2 3 3 4““’*"# ¢ [b”, M -~ “ We subtract from the measured cos0 (¢) distribution a
% 2 —? d 4’ (conservative) 7‘9(7%) = 10.2 distribution weighted for the B-
i _* @ p*< 1.1 GeVic, @ =-0.196 £ 0,044 decay fraction: refitting the resulting distribution we find the
N3 A Y bias we introduce considering inclusive production

-1 -0.5 0 0.5 1

(**) BaBar collaboration, arXiv:hep-egbeZ@?'OQ?
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1 = 1
o o
HELICITY pp—JiutX Y5 =7 TeV HELICITY pp—Jiu+X V8 =7 TeV
0.8 25<y<4 0.8 25<y<4
0.6 0.6
0.4 0.4
0.2 0.2

i

A A AR R A RRA A AR A
AR RRAS R Rl Ran) Rand ARAN RN RARN AR

0.2
0.4 0.4

0.6 e, 0.6 e&

-0.8 ALICE Preliminary -0.8 ALICE Preliminary

0.15
0.1
0.05

0.15
0.1
0.05

-0.05
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-0.15
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-0.15

Ag(prompt)-A (incl.)
Frfm
A (prompt)-2 (incl.)
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S

-
M
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=
L]
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8 9 10 8 9 10
P, (GeVic) P, (GeVic)
Slightly longitudinal polarization tending to vanish when increasing p;. A, is compatible with zero in the p;
range under study. The estimated values for promptly-produced J/y are only slightly different (green

boxes) from the inclusive ones
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Results: Collins-Soper frame

= 1 = 1
- C o C
- COLLINS-SOPER pp—Jiy+X YE=7TeV T COLLINS-SOPER pp—JivtX ys =7 TeV
0.8 25<y<4 0.8— 25<y<4
06— 0.6—
0.4 0.4
0.2 0.2
0 o
0.2 0.2
0.4 0.4 e
0.6 0.6 4
0.8 ALICE Preliminary 0.8 ALICE Preliminary
— I“.‘:IIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII — "-‘:‘III N T T I T Y | 11 1 1 111 1 IIII|IIII|IIII|IIII|IIII
S = ° =
2 o5 g o5t
T 0055 T 0.05F
a o |  oF
E -0.05F E -0.05F
g -0.1F g -0.1E
< -0.15F < 015
| I ] S A I A A A A IS A WA A | ) S A I I AN I U NI I IR I AT AT AU AT WA are I
1 2 3 4 5 [ 7 8 9 0 1 2 3 4 5 B 7 8 9

1 10
P, (GeVic) P, (GeVic)

Results may show a slightly longitudinal polarization, but sizable errors prevent any strong conclusion
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The systematics shown in the plots are the quadratic sum of the values found studying several sources:

Systematic source p; bin N A, A, A,
2-3 +0.01 +0.04 $0.03 +0.05
Signal extraction 3-4 +0.03 +0.06 +0.15 =£0.01
4-8 +0.09 +0.02 +0.11 +0.08
2-3 +0.00 +0.00 +0.01 +0.00
Trigger Efficiency 3-4 +0.08 +0.02 +0.00 =0.01
4-8 +0.03 +0.02 +0.02 +0.02
2-3 +0.04 +0.01 +0.03 +0.02
Tracking efficiency 3-4 +0.03 +0.02 +0.06 +0.01
4-8 +0.01 +0.03 +0.02 +0.03
2-3 +0.14 +0.03 +0.04 +0.01
MC inputs 3-4 +0.11 +0.04 +0.01 +0.01
4-8 +0.04 +0.02 +0.05 =+0.03

cosO range 2-3 +0.15 +0.01 +0.10 +0.01
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ALICE has studied inclusive J/\y production in a large rapidity region extending from midrapidity to y=4
with a down to zero p; coverage

The inclusive production cross-sections in pp collisions at 7 TeV measured by the four LHC experiments
are in good agreement at both forward and mid-rapidity
Results at 2.76 TeV have also been obtained, crucial for the normalization of the heavy-ion results

NRQCD NLO calculations at both the energies describe well the measured d?c/dp dy
The inclusive J/y yield shows a linear increase as a function of dN,,/dn

At mid-rapidity (|y|<0.9) ALICE estimates the contribution of J/\y from the B feed-down to the inclusive
cross-section for p;> 1.3 GeV/c

The polarization parameters Ay and A, were extracted in 3 p; bins (2 <pr <8 GeV/c)

in the helicity and Collins-Soper frames.
Ao(HE) is the only parameter significantly different from zero in the studied p; region
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