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Our FCPPL collaboration

Theory of quarkonia + fixed-target experiment at the LHC
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Realisations (1)
Edition of a special issue in Adv. High. Energy Physics

@ Dedicated to the physics opportunities with a - ) -
fi Physics at a Fixed-Target Experiment
xed-target set-up on the LHC beams Using the LHC Beams
@ Editors included JPL, C. Hadjidakis (IPNO),
C. Lorcé, J. He (UCAS-Beijing)

@ The issue includes 15 refereed papers
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@ Dedicated to the physics opportunities with a - ) -
Physics at a Fixed-Target Experiment
fixed-target set-up on the LHC beams Using the LHC Beams

@ Editors included JPL, C. Hadjidakis (IPNO),
C. Lorcé, J. He (UCAS-Beijing)

@ The issue includes 15 refereed papers
@ Several contributions from Chinese colleagues:

@ ].X Wang and Y. Feng (IHEP): NLO quarkonium
production x-section

@ PF Zhang (Tsinghua) : charm regeneration contribution at
72 GeV

@ H.S. Shao (Ex PKU), C. Hadjidakis, L. Massacrier, JPL:
First onium simulations (see next slide)
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Realisations (1)
Edition of a special issue in Adv. High. Energy Physics

@ Dedicated to the physics opportunities with a - ) -
Physics at a Fixed-Target Experiment
fixed-target set-up on the LHC beams Using the LHC Beams

@ Editors included JPL, C. Hadjidakis (IPNO),
C. Lorcé, J. He (UCAS-Beijing)

@ The issue includes 15 refereed papers

hillp

@ Several contributions from Chinese colleagues:

@ ].X Wang and Y. Feng (IHEP): NLO quarkonium
production x-section

@ PF Zhang (Tsinghua) : charm regeneration contribution at
72 GeV

@ H.S. Shao (Ex PKU), C. Hadjidakis, L. Massacrier, JPL:
First onium simulations (see next slide)

@ In parallel, we are drafting an Expression of
Interest for AFTER@LHC

@ 3 workshops this year (Warsaw, Orsay, Freudenstadt)

@ 30+ direct contributors

@ 3 physics cases: high-x, spin and heavy-ion physics
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Realisations (2)

Ex: Simulations of the bottomonium background & signal reach with a LHCb-like detector

Counts per 50 MeV/c?

B. Trzeciak, L. Massacrier, .., JPL, .., H.S. Shao, Adv.Hi.En.Phys. (2015) 986348
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Realisations (3)
First full one loop analysis of quarkonium total cross sections  [part of the PhD of Y.Feng]
Eur Phys.1.C (201575313 THE EUROPEAN

DOI 10.1140/epjc/s 10052-015-3527-1 PHYSICAL JOURNAL C
Regular Article - Theoretical Physics

CrossMark

Energy dependence of direct-quarkonium production in pp
collisions from fixed-target to LHC energies: complete one-loop

analysis IHEP - PKU - Hamburg

, Jian-Xiong Wang T T T T T T T T T
! sttt of High Encrgy Physics, CAS, PO Box 918(4, Beijing 100049, china 1000 - PRL110(2013)042002 *PRDB4(2011)051501(R%

2 Theoretical Physics Center for Science Facilities, CAS, Beijing 100049, China negative contribution negative contribution
3 IPNO, Université Paris-Sud, CNRS/IN2P3, 91406 Orsay, France

Abstract We compute the energy dependence of the Pr-
integrated cross section of directly produced quarkonia in
pp collisions at next-to-leading order (NLO), namely up
to o, within nonrelativistic QCD (NRQCD), treating the
Pr-integrated and the Pr-differential cross sections as two
different observables. The colour-octet NRQCD parame-
ters needed to predict the Pr-integrated yield can thus be
extracted from the fits of the Pr-differential cross sections
at mid and large Pr. For the first time, the total cross sec-
tion is evaluated in NRQCD at full NLO accuracy using the
recent NLO fits of the Pr-differential yields. Both the nor-
malisation and the energy dependence of the J/y/, 1/’ and
Y (15) we obtained disagree with the data except when using
the fit results of Butenschoen and Kniehl. If one disregards
the colour-octet contribution, the exis data in the TeV
range are well described by the o} contribution in the colour-
singlet model — which, at %, however, shows an unphys-
ical energy dependence. A similar observation is made for
.- Al this underlines the necessity for a resummation of
initial-state radiations in both channels, which is, however,
beyond the scope of this article. In any case, past claims
that col ctet transitions are for L L
low-Pr quarkonium production are not supported by our
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Realisations (4)

New observables in quarkonium production

e Organisation of a workshop in Italy i ECT™ it
entirely dedicated to “New observables ; iy
in quarkonium production”

@ 45+ participants with a strong FCPPL
participation

o First meeting aiming at gathering “spin”
and “heavy-ion” quarkonium specialists

@ We agreed to propose to edit a special

issue on Few Body Systems (Springer)
Agreed by the FBS editorial board;

Deadline: Sept. 1st 2016
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Realisations (5)

Our recent theory studies of new observables in quarkonium production

* Quarkonium (cc or bb) production is a multiscale problem

involving both perturbative and nonperturbative aspects of QCD DFS W DPSNLO" sps
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|
Projects (1)

Revisiting Associated quarkonium production at NLO
with Li-Ping SUN (PKU) and Hua-Sheng Shao (CERN, ex-PKU, future LPTHE)

We wish to perform new NLO studies of
e y + y measured by LHCb, CMS, DO
@ ¥ + W measured by ATLAS
@ Yy + Z measured by ATLAS
@ ¥ + Y measured by DO
@ y + D measured by LHCb

with a different model as our previous studies (see previous slide)
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Projects (1)

Revisiting Associated quarkonium production at NLO
with Li-Ping SUN (PKU) and Hua-Sheng Shao (CERN, ex-PKU, future LPTHE)

We wish to perform new NLO studies of
e y + y measured by LHCb, CMS, DO
@ ¥ + W measured by ATLAS
@ Yy + Z measured by ATLAS
@ ¥ + Y measured by DO
@ y + D measured by LHCb
with a different model as our previous studies (see previous slide)
@ ATLAS results for y + W and y + Z show strong tensions with theory
@ L.P. Sun came to Orsay last December to initiate the project

@ First publication on y + W and y + Z very soon (curves already available)

J.P. Lansberg (IPNO) News in Quarkonium Production April 1st, 2016 8/12



|
Projects (2)

Simulations for Drell-Yan and D meson production in the fixed-target mode
with Z. Yang (Tsinghua) (possibly with J.He (UCAS))

o Using generic LHCb performances for muons [as done previously]
@ Using background already recorded with LHCb-SMOG for D mesons
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Projects (2)

Simulations for Drell-Yan and D meson production in the fixed-target mode
with Z. Yang (Tsinghua) (possibly with J.He (UCAS))

Using generic LHCb performances for muons [as done previously]
Using background already recorded with LHCb-SMOG for D mesons
Aim: Drell-Yan analysis in pp', pA and AB

Performances eventually to be compared to a set-up using ALICE
(with an absorber)
Discussions with A. Uras (IPNL), G. Martinez (Subatech)

All this is motivated by the excellent prospects for an internal gas target
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SMOG@®@LHCD: the first step towards an internal (polarised) target ?
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SMOG@LHCb:

JINST 3 (2008) S08005

Pseudorapidity acceptance
2<n<5

Calorimeters
ECAL: 05/E ~ 1% + 10%/,/E[GeV]
My M5
L

o

RICHI & RICH2

/ Tou
VELO Tracking System Muon System
O ~ 20 M A 0,.49%@5 GeV/e | e(u— p) ~ 97%

~ 3%

for high-pr tracks
bwd ace. —4 < n < —1.5

to 0.6%@100 GeV/c |m — pm

(IPNO)

News in Quarkonium Production

the first step towards an internal (polarised) target ?

SMOG: System for Measuring Overlap with Gas

Flow to VELO

restriction

“fill” valve
PV501

High pressure
volume

=» injection of Ne-gas into VELO

April Ist, 2016

10 /12



SMOG@®@LHCD: the first step towards an internal (polarised) target ?

JINST 3 (2008) S08005

Pseudorapidity acceptance
2<n<5

RICHI & RICH2

Calorimeters
ECAL: 05/E ~ 1% + 10%/,/E[GeV]
My M5
e

seons| ko

Tom

!
VELO
Gp ~ 20 pm
for high-pr tracks
bwd ace. —4 < n < —1.5

Tracking System Muon System
Ap/p = 0.4%@5 GeV/c €(u — p) ~ 97¢
to 0.6%@100 GeV/c |m - p

SMOG: System for Measuring Overlap with Gas

Flow to VELO

“fill” valve
PV501

High pressure
volume

=¥ injection of Ne-gas into VELO

@ Initially: low density Ne-gas injected into LHCb Vertex Locator [LHcb-CONF-2012-034]
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VELO
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for high-pr tracks
bwd ace. —4 < n < —1.5

Tracking System
Ap/p = 0.4%@5 GeV/c
to 0.6%@100 GeV/c |m -,

SMOG: System for Measuring Overlap with Gas

Flow to VELO
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PV501

High pressure
volume

=¥ injection of Ne-gas into VELO

@ Initially: low density Ne-gas injected into LHCb Vertex Locator [LHCb-CONF-2012-034]
@ Short pilot runs: 2012 pNe at /syy = 87 GeV & 2013 PbNe at \/syn = 54 GeV
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SMOG@®@LHCD: the first step towards an internal (polarised) target ?

JINST 3 (2008) S08005 SMOG: System for Measuring Overlap with Gas
Pseudorapidity acceptance Flow to VELO —
RICH1 & RIC 2<n<5

€(K — K) ~ 95% Calorimeters
7 = K mis-i ECAL: 0 /E ~ 1% + 10%/,/E[GeV]
¥ Me M5

“fill” valve
PV501

beam 1 "3 ¢

High pressure
volume

U
VELO Tracking System Muon Systen

7 = 44
O~ 20UM  ap 0 4%@5 GeV/e | € p) ~ s 1.;ﬁ
for high-pr tracks to 0.6%@100 GeV/c |m — p mis-id:

bwd ace. —4 <71 < —1.5 =» injection of Ne-gas into VELO

@ Initially: low density Ne-gas injected into LHCb Vertex Locator [LHCb-CONF-2012-034]
@ Short pilot runs: 2012 pNe at /syy = 87 GeV & 2013 PbNe at \/syy = 54 GeV

@ 12 hours of pNe and 8 hours pHe (09/2015); 3 days of pAr in (10/2015)

@ 1 week of PbAr (12/2015)
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onMERDr WA to 0.6%@100 GeV/c |m — y mis-id:

bwd ace. —4 < n < —1.5

1 week of PbAr (12/2015)
Noble gases favoured

SMOG: System for Measuring Overlap with Gas

Flow to VELO

restriction

“fill” valve
PV501

High pressure
volume

=¥ injection of Ne-gas into VELO

Initially: low density Ne-gas injected into LHCb Vertex Locator [LHCb-CONF-2012-034]
Short pilot runs: 2012 pNe at |/syy = 87 GeV & 2013 PbNe at | /syy = 54 GeV
12 hours of pNe and 8 hours pHe (09/2015); 3 days of pAr in (10/2015)
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Initially: low density Ne-gas injected into LHCb Vertex Locator [LHCb-CONF-2012-034]

Short pilot runs: 2012 pNe at |/syy = 87 GeV & 2013 PbNe at | /syy = 54 GeV
12 hours of pNe and 8 hours pHe (09/2015); 3 days of pAr in (10/2015)

1 week of PbAr (12/2015)
Noble gases favoured

Target unpolarised with the current SMOG system
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SMOG@®@LHCD: the first step towards an internal (polarised) target ?

JINST 3 (2008) S08005 SMOG: System for Measuring Overlap with Gas

Pseudorapidity acceptance
RICH1 & RIC 2<n<5

Calorimeters

ECAL: 05/E ~ 1% + 10%/,/E[GeV]
My M3

Flow to VELO

restriction

“fill” valve
PV501

beam 1° beam 2

High pressure
volume

!
VELO Tracking System A

o~ 20HM - pp s — 0,49@5 GeV/c
Sor Migh-Dy toacky to 0.6%@100 GeV/c |m — p mis-id: 1

bwd ace. —~4 <n < -1.8 =» injection of Ne-gas into VELO

Initially: low density Ne-gas injected into LHCb Vertex Locator [LHCb-CONF-2012-034]
Short pilot runs: 2012 pNe at \/syy = 87 GeV & 2013 PbNe at |/syy = 54 GeV

12 hours of pNe and 8 hours pHe (09/2015); 3 days of pAr in (10/2015)

1 week of PbAr (12/2015)

Noble gases favoured

Target unpolarised with the current SMOG system

SMOG test : no decrease of LHC performances observed
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Luminosities with a polarised internal-gas-target option

Advances in High Energy Physics
Volume 2015, Article ID 463141, 6 pages
http:/fdx.doiorg/10.1155/2015/463141

A Gas Target Internal to the LHC for the Study of pp Single-Spin

Asymmetries and Heavy Ion Collisions
Colin Barschel,! Paolo Lenisa,” Alexander Nass,> and Erhard Steffens*

'LHCb Collaboration, CERN, 1211 Geneva 23, Switzerland

2University of Ferrara and INFN, 44100 Ferrara, Italy

*Institut fiir Kernphysik, FZJ, 52425 Jiilich, Germany

“Physics Institute, Friedrich-Alexander University Erl, Niirnberg, 91058 Erlangen, Germany

We discuss the application of an open storage cell as gas target for a proposed LHC fixed-target experiment AFTER@LHC. The
target provides a high areal density at minimum gas input, which may be polarized 'H, ’H, or *He gas or heavy inert gases in a
wide mass range. For the study of single-spin asymmetries in pp interaction, luminosities of nearly 10 /em? s can be produced with
existing techniques.

*T = 300K
Lz rg (IPNO) News in Quarkonium Production April 1st, 2016

11/12



Luminosities with a polarised internal-gas-target option

Advances in High Energy Physics
Volume 2015, Article ID 463141, 6 pages
http://dx.doi.org/10.1155/2015/463141

A Gas Target Internal to the LHC for the Study of pp Single-Spin

Asymmetries and Heavy Ion Collisions
Colin Barschel,! Paolo Lenisa,” Alexander Nass,> and Erhard Steffens*

!LHCb Collaboration, CERN, 1211 Geneva 23, Switzerland dtL = 1033 —2 -1 At=107s 10 ﬂ)_l'
*University of Ferrara and INEN, 44100 Ferrara, ltaly = cm oS = .
*Institut fiir Kernphysik, FZJ, 52425 Jiilich, Germany

“Physics Insttute, Friedrich-Alexander University Erlangen-Niirnberg, 91058 Erlangen, Germany

We discuss the application of an open storage cell as gas target for a proposed LHC fixed-target experiment AFTER@LHC. The
target provides a high areal density at minimum gas input, which may be polarized 'H, ’H, or *He gas or heavy inert gases in a
wide mass range. For the study of single-spin asymmetries in pp interaction, luminosities of nearly 10 /em? s can be produced with
existing techniques.

*T =300K

(IPNO) News in Quarkonium Production April 1st, 2016 1/12




Luminosities with a polarised internal-gas-target option

Advances in High Energy Physics
Volume 2015, Article ID 6 pages
http://dx.doi.org/10.1155/ 3141

A Gas Targef Internal to the LHC for the Study of pp Single-Spin

Asymmetries and Heavy Ion Collisions
Colin Barschel,! Paolo Lenisa,” Alexander Nass,> and Erhard Steffens*

!LHCb Collaboration, CERN, 1211 Geneva 23, Switzerland dtL = 1033 —2 -1 At=107s 10 fb—1|
*University of Ferrara and INEN, 44100 Ferrara, ltaly = cm oS = .
*Institut fiir Kernphysik, FZJ, 52425 Jiilich, Germany

Physics Institute, Friedrich-Alexander University Erlangen-Niirnberg, 91058 Erlangen, Germany

We discuss the application of an open storage cell as gas target for a proposed LHC fixed-target experiment AFTER@LHC. The
target provides a high areal density at minimum gas input, which may be polarized 'H, 2H, or "He gas or heavy inert gases in a
wide mass range. For the study of single-spin asymmetries in pp interaction, luminosities of nearly 10 /em? s can be produced with

existing techniques.
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Target and mode ‘ Target characteristics FoM*

NH; UVa-target & extr. beam P=085f=0170=15x10"cm > | 1.6x10° cm *s |
NH; COMPASS & extr. beam P=0.9f=01760=28x10" cm > | 3.5x10” cm *s’
"HERMES’ H target* & LHC beam | P=0.85a =0.950=25x10"cm™ | 6x102 cm s

*T = 300K
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NH; UVa-target & extr. beam P=085f=0170=15x10"cm > | 1.6x10° cm *s |
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AFTER@LHC with an internal gas target is an extremely competitive option !

*T = 300K
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Conclusion

Our multi-faceted FCPPL consortium is doing very well !

Many franco-chinese exchanges on various topics

[E. Scarpa will go to a school in CCNU in May]

Regular publications

@ Many prospects both for the theory and the experimental side

[I have not mentioned TMD studies at NLO for instance with J.X. Wang]

@ We are very excited by the recent technical advances for AFTER@LHC

[T have not mentioned the test of bent crystals in the LHC beampipe]

The door is being opened for
prospective studies for ALICE in the fixed target mode

Hopefully, at the next FCPPL meeting,
the Eol will be submitted to the LHCC
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HEAV Y-QUARK CONTENT IN THE NUCLEON & NUCLEUS
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[could be crucial to characterise possible BSM discoveries]
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- EMC effect is an open problem; studying a possible gluon EMC effect is essential
- Relevance of nuclear PDF to understand the initial state of heavy-ion collisions
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- ADVANCE OUR UNDERSTANDING OF THE LARGE-X GLUON, ANTIQUARK AND
HEAV Y-QUARK CONTENT IN THE NUCLEON & NUCLEUS
- Very large PDF uncertainties for x 2 0.5.
[could be crucial to characterise possible BSM discoveries]

- Proton charm content important to high-energy neutrino & cosmic-rays physics
- EMC effect is an open problem; studying a possible gluon EMC effect is essential
- Relevance of nuclear PDF to understand the initial state of heavy-ion collisions
- Search and study rare proton fluctuations

where one gluon carries most of the proton momentum

- DYNAMICS AND SPIN OF GLUONS INSIDE (UN)POLARISED NUCLEONS
- Possible missing contribution to the proton spin: orbital angular momentum
- Test of the QCD factorisation framework [beyond the DY Ay sign change]
- Determination of the linearly polarised gluons in unpolarised protons

- HEAVY-ION COLLISIONS TOWARDS LARGE RAPIDITIES
- Explore the longitudinal expansion of QGP formation with new hard probes
- Test the factorisation of cold nuclear effects from p + A to A + B collisions
- Test the formation of azimuthal asymmetries: hydrodynamics vs. initial-state radiation
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- access to partons with momentum fraction x — 1 in the target

J.P. Lansberg (IPNO) News in Quarkonium Production April 1st, 2016 15/12



R
Boost effect: LHCb becomes a backward detector

Because of the boost ycy = 0 = ypqp ~ 4.8
The pseudo-rapidity coverage of LHCD, 2 < # < 5, approximately translates to
a rapidity coverage in the CM of roughly —2.8 < ycp < 0.2
ALICE muon arm: 2.5 <5 <4 = -23<ycy <-0.8
As a comparison, the PHENIX detector with its forward and backward muons arm
only goes up to |ycy| S 2.2
In addition, there are advantages to go there:
- reduced multiplicities at large(r) angles
- access to partons with momentum fraction x — 1 in the target

Hadron center-of-mass system Target rest frame

=
1
=
N
Le—
=
>
=
N
>
4
I

J.P. Lansberg (IPNO) News in Quarkonium Production April 1st, 2016 15/12



R
Boost effect: LHCb becomes a backward detector

Because of the boost ycy = 0 = ypqp ~ 4.8
The pseudo-rapidity coverage of LHCD, 2 < # < 5, approximately translates to
a rapidity coverage in the CM of roughly —2.8 < ycp < 0.2
ALICE muon arm: 2.5 <5 <4 = -23<ycy <-0.8
As a comparison, the PHENIX detector with its forward and backward muons arm
only goes up to |ycy| S 2.2
In addition, there are advantages to go there:
- reduced multiplicities at large(r) angles
- access to partons with momentum fraction x — 1 in the target

Hadron center-of-mass system Target rest frame
o = S
X1 [ X X1

X2

\ X, large angle
X K Xy O xl/ o > O b P G g Y S
X2

’ backward physics = large-x;, physics \

J.P. Lansberg (IPNO) News in Quarkonium Production April 1st, 2016 15/12



	Backup

