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@ Outline

AFTER@LHC is a proposal for a multi-purpose fixed target experiment
using the multi-TeV proton and heavy ion beams of the LHC

[. Kinematics, possible implementations and luminosities
[I. Physics motivation
[II. Projection studies

[V. Summary
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ETE Advantages of a fixed target
/ » mode with TeV beams

e access to large Feynman |x_| thanks to the boost [|xF| = plp_l 51

* target versatility (easy to change)
* possibility to polarize target
- ambitious spin physics program
* high luminosities with either dense targets or high intensity beams

* all this in a parasitic mode !

February 27, 2017 3 AFTER@LHC



ETE Advantages of a fixed target
/ » mode with TeV beams

e access to large Feynman |x_| thanks to the boost [|xF| = plp_l 51

* target versatility (easy to change)
* possibility to polarize target
- ambitious spin physics program
* high luminosities with either dense targets or high intensity beams

* all this in a parasitic mode !

= With the LHC beams:
Energy range

[ TeV proton beam on a fixed target

c.m.s. energy: s=_[2m,E, ~115Gev | Rapidity shift: 115 Gev

=
Boost: ¥ =I5 [(2m,) = 60 V.o, =02y . =48 ﬁ
e

2./6 TeV Pb beam on a fixed target

C.M.S. energy: /s =+ 27yEp = 72GeV | Rapidity shift: $ 72 GeV
Eﬂﬂﬁt: _'}"5:54':] J’J,;-m_s_ :D_}}Fﬂb:43
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@:\ Access to high x (backward physics)

Effect of boost
center of mass system (CM) target rest frame (Lab.)

yam = 0 (yam > 0) .2__10

X, = X, <:> o e

X1 X2
X2
large

e AN L e () R Yot

Xs € X5 O - < <,':> X+

m  Entire forward hemisphere —y > 0 —within: 0° <6 _ < O(1°) - large
occupancy — more challenging (only possible with an absorber - NA60)

m Backward region —y < (- at large angles in the lab frame — low
occupancy, no constrain from a beam pipe

* backward physics fully accessible for the first time
e access to partons with momentum fraction x |, — 1 in the target (x,_— -1)

February 27, 2017 5 AFTER@LHC



FTER Access to high x (backward physics)

4
Effect of boost
center of mass system (CM) target rest frame (Lab.)
yam = 0 (yem > 0)
g X X1 X2
yam <o

A1 < X2 O X X
1 2

m  Entire forward hemisphere —y > 0 —within: 0° <6 _ < O(1°) - large
occupancy — more challenging (only possible with an absorber - NA60)

m Backward region —y < (- at large angles in the lab frame — low
occupancy, no constrain from a beam pipe

* backward physics fully accessible for the first time
e access to partons with momentum fraction x |, — 1 1n the target (x,_— -1)

B AFTER@IHC focuses on the backward region
¢ L HCb and the ALICE muon arm become backward detectors
¢ With the feel-&eei\/ s their acceptance grows and covers ~half of the backward region
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FTER Possible implementations

Internal gas target similar to SMOG at LHCDb / inspired by HERMES
at HERA

* can be installed 1n one of the existing LHC caverns and coupled to
existing experiments (or in a new one%,

* currently validated by the LHCDb collaboration via a luminosity monitor

(SMOQG)
* proton flux: 3.4 x 10" p/s High Intensity beams
* Pb flux: 3.6 x 101* Pb/s
Internal wire target (used by Hera-B on the 920 GeV HERA p beam and by STAR at RHIC)

Beam line extracted with a bent crystal

* The most ambitious solution, provides ﬁ—He’WLf&el-h{l

* The LHC beam halo 1s recycled

* expected extracted p beam: 5 x 10% p/s
(LHC beam loss: ~10° p/s)
* expected extracted Pb beam: 2 x 102 Pb/s

Dense targets

Beam “split” with a bent crystal
* Intermediate option that reduces civil engineering

* Might be coupled to an existing experiment
* Similar flux

February 27, 2017 7 AFTER@LHC
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@:\ Luminosities

v Internal gas target similar to SMOG at LHCb /
inspired by HERMES at HERA High Intensity beams

v Internal wire target

v Beam line extracted with a bent crystal Dense targets

v Beam “split” with a bent crystal

> Expected integrated luminosities:

* Depends on the chosen implementation, pressure of the gas or target length ...

X pp X pA X PbA
JL~10fb'yr' [L=01-2fb'yr' [L=1-50nb'yr’

February 27, 2017 8 AFTER@LHC



FTER Beam extraction using bent crystal

4

= g

v/ Motivated for collimation purposes

standard collimation crystal-based collimation (ideally)

beam core beam core

e e N e o crysta

primary ﬁ - ryst
\- 3 channeling
secondaries Che

absorbers absorber

j i To beam extraction
Standard collimation today Crystal-based collimation

- UA9 (@SPS) - CRYSBEAM
. | - LUA9 (@LHC) (@SPS then LHC)
W. Scandale et al., JINST 6 T10002 (2011) o AFTER@LHC

*  LUAO9 test in the LHC complex

*  Deflecting the beam halo at 7c distance to the beam
Reduce the LHC beam loss

*  New beam line + new experiment

*  Beam extraction — requires civil engineering

*  Beam splitting — an intermediate option that can be used with
an existing experiment

February 27, 2017 9 AFTER@LHC



FTER Beam splitting using bent crystal

‘4

v/ Beam splitting: an intermediate option

Beam splitting Experimental
Target apparatus

BN S. Redaelli, Physics Beyond
Colliders, CERN, 06/09/2016

Beam envelope
/| J | L L L ] 1 L L L J I 1 L /| J 1 A | | ] I

Expernmental
apparatus

scan oxvacion [

|1II|'III1

TTT1

Beam envelope
| |. L L L 'l I | L A | J 'l L L | |. L | /| 1

L

* Reduced civil engineering
*  Simular fluxes as for the beam extraction option
*  Might be coupled to an existing experiment

February 27, 2017 10 AFTER@LHC



FTER SMOG@LHCb

A
System for Measuring Overlap with Gas

Direct gas 1njection to VELO (Vertex Locator) motivated for a precise

Muon Deieclor

luminosity determination | Bending Plane
Shield ~ Magnel peaL HCAL
No specific pumping system ricnSTDA

Preferred gas targets:

He | Ne | Ar | Kr | Xe
Al 4 |20|40| 84 | 131

“pump” valve Flow to VELO  Pirani gauge

E t d - )
<sipue .
M3
My W
M5
High pressure
Piezo gauge
“hypass” valve :;?;E;EESWE ¢ SO far Only nOble gaSCS
PVs02
s (NEG filter)
"HP" valve
omeeresue SMOG system
—— AFTER@LHC

February 27, 2017
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No decrease of LHC performances observed 1n

SMOG@LHCDb - a working example

AN
Successful running, pA and AA data taking

the test runs

Fixed target collisions can be separated

— no need for dedicated physics runs

Good performance:

entries / 16 MeV/c?
g{ T T 1 % I

-8

S

J|III|

20

T

S
<

-;ff
%

|

; \

|

T

LHCb preliminary
2015 pNe data

4\—"r +J’ C SUNE ST, SR

;9:)0{] |

« Target polarization 1s not possible with SMOG

3000

31 OD

32{]0 3300 3400 3500
w* W invariant mass (MeV/c?)

N{SNN = 110 GeV, about 12h of data taking (2015)

« So far only noble gases

>

February 27, 2017

entries / 8 MeV/c?
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ptNe pilot run at \/SNN =87 GeV (2012) ~ 30 min
Pb+Ne pilot run at \s = 54 GeV (2013) ~ 30min
p+Ne run at Vs = 110 GeV (2015) ~ 12h

p+He run at \Vs_ = 110 GeV (2015) ~ 8h

ptAr run at \/SNN =110 GeV (2015) ~ 3 days
ptAr run at \/SNN =69 GeV (2015) ~ few hours
Pb+Ar run at Vs, = 69 GeV (2015) ~ 1.5 week
ptHe run at \/SNN =110 GeV (2016) ~ 2 days

LHCh preliminary
2015 pNe data

9756"

12

1900 1950 2000

r K invariant mass (MeV/c?)

https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbPlots2015

However internal gas target can be polarized, like HERMES target

AFTER@LHC
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FTER Polarised target - HERMES system

A Adv. High Energy Phys. 2015 (2015)
. 5 . . 463141
Dedicated pumping system E. Steffens, PoS (PSTP2015) 019

*  Polarised H and D 1njection in open-end storage cell - polarisation of ~80%

*  Possibility to inject polarised *“He or unpolarised heavy gas (Kr, Xe)
HERMES-target in the HERAtunnel. ISR

A : |
L @Burce: htt[:-:f,"a.w'.ru'ur-herr‘nes.desy.der’hedtfpicluresflﬂESY_F’R;" ¢ ;
February 27, 201 [ " — AFTER@LHC
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Internal gas targets

Two possible implementations

SMOG(-like) system HERMES(-like) system
- SMOG: System for Measuring Overlap with Gas o _
, , o o - Injection of gas in an open-end storage cell
- Designed for precise luminosity determination Used e.c. at DESY for 10 vears
. Noble gas directly injected in the VELO &8 , Y
Dedicated pumping system  [turbo-molecular pumps]
v" p(He,Ne,Ar), Pb(Ne,Ar) tested : completely , o ,
o Pressure in the cell significantly higher
parasitic [up to one week, so far] ) ) .
o , [diameter < 2cm in the closed position]
v/ New pressure monitoring to be installed . o o .
, Polarised H and D can be injected ballistically with
v/ Could be coupled to ALICE: ideal demonstrator hi .
. . T o igh polarisation
X No specific pumping system: limit in the gas inject Polarised He or unpolarised heavy gas (Kr, Xe)
[pressure and duration]| ..
o . can also be injected
X No possibility to use polarised gases Not compatible with an injection inside ALICE;
X Gas ﬂovxors i.n the beampipe; pressure profile not only upstream
optimised May need complementary vertexing capabilities
X Krand Xe maybe only at end of a run

J.P. Lansberg, Physics Beyond Colliders Kickoff Workshop,
6-7 September 2016, CERN

February 27%, 2017 14
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> Physics Reports 522 (2013) 239,
Few Body Syst. 53 (2012) 11-25.

Physics Reports 522 (2013) 239-255

Contents lists available at SciVerse ScienceDirect

Physics Reports

journal hemepage: www.elsevier.comiocate/physrep
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Physics opportunities of a fixed-target experiment using LHC beams
S.J. Brodsky *, F. Fleuret®, C. Hadjidakis®, ].P. Lansberg “*

3 SLAC National Acceleraror Laboratery, Stanford Universicy, Menlo Park, CA 94025, USA
b [mboratoire Leprince Ringuet, Ecole palytechnique, CNRS/INZP3, 91128 Palaisequ, France
S IPNO, Universiré Paris-Sud, CNRSIN2P3, 91408 Orsay, France
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rTER Physics Highlights: AFTER@LHC

Many more ideas for a fixed target
experiment at LHC in a Special Issue in
Advances in High Energy Physics

Advances in High Energy Physics

special Issue on
Physics at a Fixed-Target Experiment Using the LHC
Hindawi Beams

> Heavy-ion physics
> Exclusive reactions
> Spin physics studies
> Hadron structure

> Feasibility study and technical
ideas

http://after.in2p3.fr/after/index.php/Recent p
ublished _ideas_in_favour of AFTER@LHC

AFTER@LHC



— > High-x frontier

= Advance our understanding of the large-x gluon,
antiquark and heavy-quark content in the nucleon

and nucleus

v Nucleon partonic structure
* Gluon pdf in the proton — large uncertainties at high x > 0.5

* g (X)=g,(x)?

February 27%, 2017 17

Gluon-Gluon, luminosity

rTER Physics Highlights: AFTER@LHC
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g5l o MMHT14
C IS = 1.30e+04 GeV

10°

at 5 =13 TeV

10°
Uncertainties on the gluon-gluon luminosity

LT

G ate d with APFEL 24.0 Web
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rTER Physics Highlights: AFTER@LHC

— > High-x frontier

Gluen-Gluon, luminosity

= Advance our understanding of the large-x gluon, .

VS = 1.30e+04 GeV

antiquark and heavy-quark content in the nucleon
and nucleus

I 1
Gamer ated with APFEL 24.0 Web

v Nucleon partonic structure

o L R |
10° 10°

* Gluon pdf in the proton — large uncertainties at high x > 0.5 Uncertainties on the gluon-gluon lumindsity

at s = 13 TeV
* g (X)=g,(x)? L |
Energy spectrum of neutrino flux

—

v Heavy-quark distribution at large x in the proton _ Uncert
515 DM |
® Proton charm content important to high-energy £ | NLO QCD
. . . 5 v MRS s \
neutrino and cosmic-ray physics i 5, S ‘
$ L
FR
E L
0.0

logp E [GeV]

February 27, 2017 18 AFTER@LHC



rTER Physics Highlights: AFTER@LHC

— > High-x frontier

Gluon-Glueon, luminosity

= Advance our understanding of the large-x gluon, .

VS = 1.30e+04 GeV

antiquark and heavy-quark content in the nucleon
and nucleus

Gemarated with APFEL 24.0 Web

v Nucleon partonic structure

ol . N | L Ly
10° 107 ey

* Gluon pdf in the proton — large uncertainties at high x > 0.5 Uncertainties on the gluon-gluon luminosity
at /s =13 TeV
° gp(X) - gn(X) ? _ Energy spectrum of neutrino flux

Uncert.
DM
------ MLO QCD

_.
in

v Heavy-quark distribution at large x in the proton

_.
=]

® Proton charm content important to high-energy
neutrino and cosmic-ray physics

Generated with APFEL 24.0 Web

10% E2 o, [GeVeem 2 51 ar )
[
o

v Nuclear structure — gluon distribution I
* Complementary to EIC, LHeC 1; — ncTEois|
* Large uncertainty in nuclei at large x, unknown gluon EMC ~_ 14 oty ]
effect 12— HKNo7

* Relevance of nuclear PDF to understand the initial state of @U'B

. o o & I
heavy-ion collisions £ 06 .
. % 5,4 Gluons for Q=10 GeV
* Search and study rare proton fluctuations where one gluon |
. 0.2
carries most of the proton momentum I N

1n-3 1n-2 ﬂn'l

February 27, 2017 19 lack of knowledge in the gluon densities in nuclei for x > 0.1
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rTER Physics Highlights: AFTER@LHC

—® 2 Spin physics

* Advance our understanding of transverse dynamics and
spin of gluons inside (un)polarised nucleons

v 3D mapping of the proton momentum 1980s

v Missing contribution to the proton spin: gluon and
quark Orbital Angular Momentum L.,

L= AN+ AG+ Lo+ L,

= Gluon Spin Gluon angular momentum
= Quark Spin Quark Angular Momentum

v With a polarised target:

~p+p' - (indirect) access to quark L , gluon L_and
gluon TMDs

February 27%, 2017 20 AFTER@LHC



rTER Physics Highlights: AFTER@LHC

—® 2 Spin physics

* Advance our understanding of dynamics and spin of - Gluon Spin - Gluon angular momentum
° o ° = Quark Spin Quark Angular Momentum
gluons inside (un)polarised nucleons

v Missing contribution to the proton spin: gluon and quark
Orbital Angular Momentum ﬁg;q

v Test of the QCD factorisation framework

v Determination of linearly polarised gluons in unpolarised
protons: h +£ “Boers-Mulder” effect

February 27%, 2017 21 AFTER@LHC



rTER Physics Highlights: AFTER@LHC

—® 2 Spin physics

= Advance our understanding of dynamics and spin of - Gluon Spin - Gluon angular momentum

= Quark Spin Quark Angular Momentum

gluons inside (un)polarised nucleons

v Missing contribution to the proton spin: gluon and quark
Orbital Angular Momentum ﬁg;q

v Test of the QCD factorisation framework

v Determination of linearly polarised gluons in unpolarised
protons: h +£ “Boers-Mulder” effect

v With a polarised target:

* Single Spin Asymmetries (STSA) in hard-scattering processes,
with a transversal polarised hadron: indirect access to the orbital

motion of partons 1 o = o
Ay

TPl o
* STSA: left-right asymmetries in parton distributions Sivers effect

° non-zero quark/gluon Sivers function — non-zero quark/gluon OAM
fir %k, ?)

February 27, 2017 22 AFTER@LHC



rTER Physics Highlights: AFTER@LHC

v Heavy-lon collisions from mid to large rapidities

v A complete set of heavy-flavour studies between SPS and RHIC energies

v Precise estimation of Cold Nuclear Matter effects from pA and AB — test of the

factorization S—
Early Universe The PhEISES Df QCD

LHC Experimenis

* In PbA, different nuclei, A-dependent studies
v Quark-Gluon Plasma studies in heavy-ion collisions

Cntical Point

Hadron Gas

Baryon Chemical Potential

February 27%, 2017 23 AFTER@LHC



rTER Physics Highlights: AFTER@LHC

v Heavy-lon collisions from mid to large rapidities

v A complete set of heavy-flavour studies between SPS and RHIC energies

v Precise estimation of Cold Nuclear Matter effects from pA and AB — test of the
factorization

Early Unwerse._ The Phases of QCD

* In PbA, different nuclei, A-dependent studies
v Quark-Gluon Plasma studies in heavy-ion collisions

v Explore the longitudinal expansion of QGP formation

* Quarkonia, HF jets quenching, low mass lepton pairs, direct
photons

v Test the formation of azimuthal asymmetries: s
hydrodynamics vs initial-state radiation Hadron Gas ek el
0.08 — ; | i _~Vacuum I:;:i:;r Neutron Sfar/:;
B : 3DMCG+MUSIC n/s=0.12 —
5 | r-lrﬁ:u_jg - — 0.05 | ggﬁg:mﬂglg Tgi EDE-E_ ] Baryon Chemical Potential
o | Vo 20, — 004
ag_ a9 | 0 003 ¢
2 | ] 0.02
AusAu 200GeV 10-20%
1 0.01 pr > 0.15 GeV
0 1]
0 01 02 03 04 05 . 4 & 6 5 & &

T[GeV] o

February 27%, 2017 24 AFTER@LHC
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FTE
Projection studies

v Includes:

;‘* 25 1 | | 1 | 1 LI | 1 ] ] LI

> Drell-Yan 3 [ 7TeV pbeam 2.76 TeV Pb beam i

. . ~ [ [[]Dmeson [ 7] D meson i

> J/pSl, UpSllOIl = 20 J/w J¥ —

> Open Heavy Flavour ! Y Y i

| 2<¢y<5and p. < 10 GeV/c i

15 —
* Not covered here: i
> Azimuthal anisotropies 10~
> Photon related observable i
> W+ boson N
> Other quarkonia, C-even i

. . . 0 L1 1 111 | | ] | L1 1 11 | | l l L1 111

> HF pairs, associated production 1072 107! y 1

> Ultra-peripheral collisions

February 27, 2017 26 AFTER@LHC



rTER Charge particle multiplicities in
/ = a fixed target mode

Advances in High Energy Physics, Volume 2015 (2015), Article ID 986348

e 1 00 [(TTTT T T T T T T T I TTI ‘ T T 11 T 17 11 T T 11 T 17171 T T T 1 TT T 1] % _I FTTTTTTTTTTTTTTTTTI | I'TT1 7T | I 7T ITTT I'T1 I_
= - EPOS, 0-10% 1 = ~  EPOS ]
'g - 1 O - -
= 90 - Fixed-target mode = 3000 — Fixed-target mode —]
O - 4 O = — Pb beam, Pb target, |'s,, =72 GeV, 0-10% —
—Z 80 ----Pbbeam, H target, VSun=72 GeV - Z - get, Sy -
- N - -- eam, Xe target, \s = eV, 0-10% —
S - ] -OﬂgSOO— Pb beam, Xe target, \'s, =72 GeV, 0-10% B
g 70E  ----pbeam, Pb target, \Sun=115 GeV — < T e Pb beam, Ar target, \/s, =72 GeV, 0-10% 7
zZ - . 1 Z - . -
< 60 Collider mode 4 £ 2000 - Collider mode E
C — Pb beam, p beam, m=5020 GeV ] n — Pb beam, Pb beam, VSNN=5500 GeV, 0-10% i
50 E i :
5 1 15001 _
40 | —] B i
30~ = 1000+ —
S e | s500- - T | -
10— LR T [ - _ o : i
- RO P . - B S Wy [ i
E g b e b b b b e _I—II-'I'H_"'['—J:E..L..L.__ :n_"-,|-,,;;,,:.|:.|.!'|'".'"f'"."]"| A I N N Ly

o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10
T]Iab nlab

v Charge particle multiplicities, for all possible fixed target modes, p+Pb, Pb+H,
Pb+Pb, are smaller than the ones reached 1n the collider modes. A detector with the
LHCD capabilities 1s able to reconstruct all event centralities up to Pb-Ar.
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FTER Acceptance for LHCb-like
/ = detector

IIII“IIII“I l_IIIIIIIIIlIIII IIII':'IIIIFIIII
fv \YUS):, W "

.................................................................................................................................................

—
<
II|

10°

- _,{”,r b,"u’”; ;....‘:::titt.“::::ig:\.t___.tti.‘tr;:::tttttr.‘::;.’_:titrr' ey )
I H.{Hﬂ .............................. 2 WEPR, W by B, ST SR S })ﬁ.:ﬂﬂ;l.....,........,. ............. -

IIIIIIIIIIIIII IIIIIIIII.IIIII

-10 8 -6 4 -2 0 2 4 6 8 10

c.m.s.

(1) fixed target, Vs, = 115 GeV; (2) fixed target, Vs, = 72 GeV;
(3) collider mode, Vs = 14 TeV; (4) collider mode, Vs, = 5.5 TeV,
(5),(6) Vs,, = 8.8 TeV

Nota: similar for the ALICE spectrometer

2<nlab<5

AFTER@LHC



rTER Projection studies with full
background

* Di-muon simulations

* Separate simulations to have under control mput p.. and y distributions
and normalization of different sources

> Input:

v/ Signal:

-p simulation
> Quarkonia: J/y, v, T ) PP

> - 1rS° qq *)Z U :
Drell-Yan pairs: 42 ="/ = 1'u HELAC-Onia PYTHIAS hadronisation, initial/final
v Background sources: (LO generator) g g » radiations, and resonance
> Correlated background: Les Houches Event Files decays

c+c = DT+ D™ — [T]

b+b — Bt + B~ — I*]” PYTHIA &

> Uncorrelated background: full minimum-bias
1 mostly from m/K decay . o » Pythia 8 simulation

Fast simulation
> Realistic detector resolution
> Particle identification

Advances in High Energy Physics,
February 27%, 2017 Volume 2015 (2015), Article ID 986348 29 AFTER@LHC



rTER Projection studies with full
background

°* Di-muon simulations

Fast simulation
> Realistic detector resolution
> Particle identification

LHCb-like detector setup

> momentum resolution: Ap/p = 0.5%
> u identification efficiency: 98%
*  Single pu cuts:
> 2 < n lab 5
1]

> Minimum p_*> 0.7 GeV/c

> 1 misidentification (Wlth nt or K) PA, AA studies:

- T > Nuclear scaling factor to pp
cross-sections (accounting for a
number of binary collisions)
> R = 1 — absence of hot/cold

PAAA
nuclear and 1sospin effects

microvertexing, particle ID, u ID,
HERMES-type target electromagnetic and hadonic cal.

> Polarisation: 80%

P, (K->1)%

- N W » OO0 O N O

IIIIIIIIIII|IIIIIIIIIIIIII|IIII TT

P, (T->1)%

0.5 + 8.6%exp(-0.11*Momentum)

- N (%) i [3)) [=2)
TTTTTT T[T T T T[TTT T[T TTT]TT1]

..................................................
0~70"20 30”40 50 80 oo 1 S0 [gg\,,;?" 01020809050 60 Y0 8096 700

Momentum [GeV/c]

F. Achilli et al, JINST 8 (2013) P10020 Advances in High Energy Physics,
February 27", 2017 arXiv:1306.0249 30 Volume 2015 (2015), Article ID 986348  AFTER@LHC



FTE. Drell-Yan simulations

" Unique acceptance (with a LHCb-like detector)

compared to existing Drell-Yan pA data used for
nuclear PDF fits (E866 and E772 (@ Fermilab)

" Projection for a Hermes like target Drell-Yan, pXe@ {5 =115 GeV, 2 <Y,/ <5,p, > 12 GeVie, L =211
S
n
o o 14
> Extremely large yields up tox, — 1 5
> Unique coverage towards large x in pA, = 12
the same acceptance for pp collisions g'
10

Drell-Yan, pp@ is =115 GeV,2 < YL: < 5, p: > 1.2 GeV/e,L = 10 fb!

L]
+
X
O
=
[
)
)
®
<

=y L LR LR B L 8

§14 _: 10° :
> -1 N 6 .
A = | |
Yy =0 ] 4
=i R _
H : ."]3
(o} ]
+ ]
Q _: 10?
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FTE Drell-Yan simulations with full
Z = background

c:;ho” p+Xe, {s=115GeV AFTER@LHC sini
| L = 2000 pb™ —— DY signal
E 1075 bk > 12 Gevie e ccbar
o
> Charm and beauty backgrounds can be m100e TS TS -
@ [T
reduced (a secondary vertex cut), Qo7 e +
however interesting on their own S10°E e T f>D<
> Combinatorial background under control ik Ra— T I |
> easily subtracted fine with ] b
casily subtracted, one can refine wi 10'E 41
mixed-event technique (needed for PbA 10°E = N
systems) 102E = ‘é
9 At backward rapidities quark-induced :I 1 1 1 | L1 1 1 | L1 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 1 1 1 I:
4 4.5 5 5.5 6 6.5 7 7.5 8
processes are favoured M., (GeV/c?)
-0.35 -0.4 —0.45 -0.5 -0.55 -0.6 -0.65 Xg
— background gets smaller R e LB
> p+p, Vs =115 GeV AFTER@LHC sim J
[ L=10f" —— DY signal ]
. . E"uﬁ p; = 1.2 GeVie -- gccbar |
> No existing measurements at RHIC 8 E iy <3 O
= HE - bbbar 1 B=
810° == sum - MB bkg 4 [
g 1
310* < L
O U
10° 5 ()
{ W
. . <
. . 10° ++++ T+ E
Combinatorial background subtracted Ty, Ty =
Wlth the like—SIgn methOd "N N BT A A |I|+|+rH_|_| [ l_i_rh N IR I BRI AT S A A A A
4 4.5 5 5.5 6 6.5

7 5 .8
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FTE

> Drell-Yan measurements also in heavy-ion

collisions

> Reasonable combinatorial background (S/B)

> (Can be extracted with mixed-event

technique

> At backward rapidities quark-induced
processes are favoured

(":E :I 1 Ii;iellfl Illlé |:| I?i’llléé illlrl L] | L L I roeri | rrri | LI h%*ﬁéér}t" ;‘i'lﬂl:
> B L=230nk —— DY signal B
= 1(}5'5—pt:_ > 1.2 GeVic E
§ . 2<Y, <5 ---- ccbar =
o - ---- bbbar 7
2 ot T —— E
(] E T T - T — =
- C -— — -
: - __:.:. __ -
3 - - —— .
5 - .,_.:._ S —___ -

1ﬂ'3_E - _F"'_,.__ E
1lf:|'2:r ""'__l__ =
- S -
- -
L1 1 1 I L1 1 1 I 11 1 1 I L1 1 1 I 11 1 1 I L1 1 1 I L1 1 1 I L1 1 1
| 4.5 5 8.5 ] 6.5

February 27, 2017

7 75 .8
M, (GeVic)

33

Counts per 200 MeV/c?

DY signal/MB background

=k
c-h

10

10?

Drell-Yan simulations with full
Z = background

[ Pb+Xe, Vs =72 GeV AFTER@LHC sim _‘__‘_:
| L=30nb" e -
Yo rang::és _‘_—l— S
102 —— 2¢y<3 e —
- 3¢y<d _ ‘__"‘_ —
[ —m— 4<y<5 T B
B S Y— RREAEEE —a—- T
B . -
- A Semfeees e e .
- —— ...
— ———v— _
- A - +""D‘"'—._—T—
10 T ——ge T =
= - o/ ——_ . 3
B — ]
_ —y— -+ p'>1.2 GeVic
- T
B s -4 pt>0.7 GeVie ]
- ]
__I-';Ll‘_l | 1 I L1 I | Ll | L1 | I L1 1 1 I L1 1 | L1 I-
4 4.5 5 5.5 6 6.5 7 75 8
M, (GeV/c?)
Xe
-0.35 0.4 .45 0.5 -0.55 -6 .65
C PbXe, s=72Gev ' ' 1 AFTEROLHC sim
B L=30nk" —— DY signal ]
Ept > 1.2 GeVie E
E 2 - }._,.'J.I-l o _i' e e ncbar E
B ---- bbbar ]
E = |
E T E
|, —_
Bt e
e ]
- -k k -+ L -
- _L. L ]I. L -
L1 1 1 I 1 : 11 I L1 1 1 I 1 I r F I 11 1 1 I L1 1 1 I L1 1 1 I 11 1 1
4 4.5 5 5.5 & 6.5

7 75 .8
M, (GeVic?)

v
o
-+
X
®
N
N
QO
®
<

Uncertainties for the combinatorial background
subtraction not taken into account
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FTE

‘4

B Nuclear Modification Factor

= Precise measurement of R A up to high x

1.6 AFTER@LHC sim
p+X€, \s =115 GeV y_, ranges
1.4 Lpﬁ = Iofb-f %Xe = 2ﬂ)_; = 2<y<5
: —=— Dey<3 (x0.9)
" —— 3<y<4 (X0.6)
% 1.2F P, > 1.2 GeVic —— 4ey<5 (x0.3)
O 1
L0 | | | L
| 0.8 -0.4 -0.5 -06
- X
0.6 H—————i—i—i—————— b —— -
m I 1 [ 1 I
x 0.15 0.2
h 0.4t Xe
Q | 1 | : EI | 1 | 1 | 1 _I 1 1 1 I 1 1 L I 1 ~
0.2 -0.025 —0.03 -0.035 -0.04
X
0 L1 1 1 I L1 1 1 I L1 1 1 I 11 1 1 I L1 1 1 I L1 1 1 I 1 1 1 1 I L1 1 1 I

4 4.5 5 5.5 6 6.5 7 7.5 -8
M, (GeV/c?)

* Combinatorial background subtracted with
the like-sign method
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Drell-Yan projections

* Novel constraints on the quark nuclear PDF
with DY 1n pA collisions

> Statistical uncertainties smaller than nPDF
uncertainties — good discrimination power

Rppb

YiablH H)
1.8 2.8 3.8 4.8 5.8 6.8 7.8
: Drell-Yan process at vsy,=115 GeV AFTER ]
11 F EPS09 error =3 -
5 projected uncertainty —— ]
1k —
: ALICE | e 1
0.9 | = 1e
3 —— qu
0.8 t . 1%
0.7 3 _ EPS09LO+CTEQSL! E
T LHCh  7emMputu<s
06 »—F—<
05 | ]
-3 -2 1 0 1 2 3

dN pA

R .= .
- (lel> dep

AFTER@LHC



FTE

‘4

B Nuclear Modification Factor
= Precise measurement of R Lrup to high x_ —
nPDF constraints

Drell-Yan projections

= Test of (linear) factorisation of initial-state effects
in pA collisions to AA collisions

* Electromagnetic probes, like Drell-Yan
(produced from initial-state partons, immune to

final-state effects)

 Needs to be performed in a broad x, range,

—~ 1.6r AFTER@LHC sim
A p+Xe, \s=11 5,- GeV .r y__ ranges
H-:% 1.4} L!’P = IOjb_ %Xe = 2fb_ == 2<y<5
o - 22y<3 (X0.9)
oc NS 12 GeV —— 3<y<4 (x0.6)
> 1.2 P; ) evic —— d<y<5 (x0.3)
8 1 )
m 0 8 L ] | 1 L 1 | 1 ] 1 | 1 L ]
. -0.4 0.5 06
=i Xe
o | 0.6H—i—i————i—————————————————i—
| ! |
m —0.15 -0.2
< S "F
+ 0 2 1 L I [ 1 1 I 1 1 1 I 1 1 L I 1
Q. 0.025 ~0.03 20.035 ~0.04 N
0 L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 ] L1 1 1 |

4 4.5 5 5.5 6 6.5 7 7.5 28
M, (GeV/c?)

* Combinatorial background subtracted with the
like-sign method
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where nuclear modifications are expected to be
more significant in p-A

> Precise measurements with AFTER@LHC —
probe 1nitial-state effects on quarks in different
AA collisions

X
0.4 041 042 043 AL 045 046 -0A7 048 048 - v
f‘g :I -IPI!,‘:It’é‘fl .II'EIZI I?;’I.|I IGIE‘I;I T I T TT | T TT | T T | IA‘P‘?"&HI@}_'\I}(‘I .“!ml: U
o [ L=230nb —— DY signal ] +

= 10 ph > 1.2 GeViec E
§ F F<v, <4 - ccbar 3 x
i g - bbbar il ®

107 - —
A F ——— 3 N
£ FoiTTo—— : N

=) - Sl — =
© 10 b T — = ()

1U2 =3 E =

= -k 3

= _.i_. —

N - ]

N . ]

| | o1 ] | | T
4 4.5 5 5.5 6.5 7.5 g
M, (GeV/c?)
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not sure what it could be else than f(x1) * f(x2) ?

Highlight
I don't like x_B (strictly defined only for DIS). x is fine


—= background

* Large yields of quarkonia

> J/y and y(2S) signals can be studies up to
~ 15 GeV/c, Y(nS) up to ~ 10 GeV/c

> Down to 0 GeV/c

> Similar p_ reach expected for pA

> I/ y(2S):2<y<5

> T(nS)is~ 2.5-3 <y<35

= Aim is to measure a complete set of
heavy-flavours to use them as tools
(gluon luminometers, TMDs, PDFs, nPDFs —
QGP effects)

= Unique opportunity to access C-even
quarkonia + associated production
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FTER Quarkonium simulations with full

1°E pap, s=115Gev = — Iy
108 L=10f" --- y (28)

Counts per 0.5 GeV/c

AFTER@LHC sim
|

1 1 1 1 | 1 1 1 1 | 1 1 1 1 1
107, 2 4 6 8 10 12
P, (GeV/c)
z R ) AR AT ) . . !
= 10° _ € AFTERGLHC sim
= fpn [=115GeV ye E
- L=10f" T
© 10° E 1o — Jhy E
| “- v (28)
10°F
- “Y(1S) 3
10° _E ==Y (28) -g
- —Y(39)
we |
- -
104 E- :ﬁ'l ‘___.-!"'"'"""'""h._b_
e o T T
s = N
10° s A \1
s
E 1 ;I Lol ’.ﬁ-"I | lieialy il |
1.5 2 25 3 3.5 4 4.5 5 5.5 6 6.5

L
+
O
=
=
)
Q)
()
<
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* Large yields of quarkonia

Z = background - heavy-ion collisions

Yields signal S/B
> First simulations for PbXe at 72 GeV with the full pp | 1.33 x10° 29.0
: .. 3
background, and baseline pp, pA collisions at 72 GeV FS) | pXe | 1.39x10° 8
> Good handl the back d PbXe | 4.33 x10- 1.8 <10~
00 andaic on tne backgroun pp 202 %102 g2
. . T(25) | pXe | 3.06 x10? 2.2
>
G(.)od separation of different PhXe | 656 x102 | 5.0 x10-2
Upsilon states pp | 1.37 X107 10.3
. T(35) | pXe | 1.44 x10? 2.8 o
§2500_—P i’e, is=726eV AFTER@LHC sim _ PbXe | 4.49 x10% | 6.2 x1072 o)
% - L=30 ﬁ‘f?_’f: i +
_ + I<Y, <5 -
32000__ p“_ > ﬂ”.?"-l GE"V;"C __ o ‘"]'95 T T X 1.7 T T 1 LI ) B B - | §
o B 1 ] E E PbXe, 's=72GeV _ AFTERGLHC sim 3
o B . L =30 nb" Y3l ]
] B 7 g maE-p“_ }Lu.?biwr ¢ sum - MB bkg 3 N
1500 — & gL 2<vy<s - Drell-Yan ] N
o i i @ g_ *. 1= gebar _? m
(&) = - . % 6l - - - bbbar .
- + 1 : g '0F . E o
1000 — 5 F . : <
i ] O 10’ B, Ny 1
= _ C M - ]
| : i "].4 Hurt e,
500 T . 3 3
: e .z E 'l' : 10% ... o LT T, E
N Y L+ I SRR RLACIEEEER,
R R R s R G- g 107 o e E
09929496 98 10 102 104 106 10.8 11 | | ST
M, (GeV/c?) 2.8 3 3.2 3.4 3.6 3.8 4
M, (GeV/c?)
> No nuclear effects assumed
> Combinatorial background subtracted with the like-sign method
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FTE

B Nuclear Modification Factor
Combination of measurements of Y(nS), J/y and y(25) for-3<y_ <0

‘4

Quarkonium projections

will allow to pin down the gluon EMC and antishadowing effect

Rp}’h

\Q\ Q‘\‘\. R
———————————————————— SRR

Rpr

.t\'} _IIIIIIIII|IIII|IIII|IIII|IIIIIIIII_

| 1

rT[rrrrrrrt
» = 10/1b, L;JI-"h

T | TT
= 100/pb p+Fb

—
Von

Rpr

IR LR
115 GeV 3

\ « EPS09 central
~== EPS09 min./max. shadowing
\\\ _| EPSlﬂE? min./max. EMC effect

2 15 1 05 0 05

Excellent statistical precision

February 27, 2017
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1

0.9

0.8

0.7

/9| Yems | < 025 p+Pby/suy = 115GeV

charm

=
L

2 3 4 5 6 7 3 9
(GeV/c)

-
Statisticalp uncertainties from the signal yield only

AL R R
= 10/fb, Lppb= 100/pb 1

« EPS09 central
\ 22w EPS09 min./max. shadowing
R —— EPS09 min./max. EMC effect
Lo o ey e Lo P

—
=

beauty

2 —15 -1 =05 0 05 1 15 2 25

yCMS

O
+
v
o
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=
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FTE

Open Heavy Flavour simulations

—" D5 K

1e+10
3 1e+08 1
5 1e+06
©
[0} L
-2
o 10000
a
o .
2 100 |
]
(]
1

== 101 of pp collisions at sqrt(s)=115 GeV
' <e> = 10%; Bry,=3.93 %

— Same yields for D°
ooy — Tl
3<y|§5]c:4 —_— -
4{3}'5‘5]«:5 ------- — o

5 10 15
Prpe (GeV)

20

L
&

Q Q

> Charm can easily be measured
down to ( pT [total x-section]

> Over a wider rapidity coverage — [x - -1]

Extremely high statistical precision in
PP, PA and AA collisions

A®D GTIT d+d

= Charm-anticharm asymmetry accessible

* Unique handle on the charm content in the
proton at high x - long standing debate:
perturbative vs non-perturbative origin

> With a LHCb-like detector the background 1s well under control

entries / 8 MeV/c®

February 28", 2017

s0r Vs, = 110 GeV,

LHCb prellminary
2015 pNe data

SMOG

_|_|_

:r 1 1 1 1 | 1 1 1 1 | 1 1
0750 800 1850

1 1 | 1 1 1 1 | 1 1
1900 1950
n K invariant mass (MeWcz}

1 1 |
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39

ﬁzofé.lq....,....,....
- LHCDb preliminary
:_ \San =3 TeV

" Forward

[
wn
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qOH

Events/(4 MeV/c’

f,-;-,-,..:-r"l AL T R
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FTER Open heavy-flavour projections ) ’
el
B Nuclear Modification Factor y @

What 1s the source of the heavy-quark energy loss ? QGP properties
R, VS y and pT - Coll:s:onal vs. radiative energy loss

312.-._. . | | e L2
5T 1 £ F § 0 -
£ n Pt (s =GV @ | of PR E=TGV vl D°>K
0.8:—.'0.. ..I...... _: 0.8%'=..l......ll....'........ i
L R X X .:::=lll_' r .'.. *
06_— ] 06_— " - — v
Vs =0 : Yy = 205 . o
04— y —_— — 04__ ", . ] +
C cms ] - o
o,f * Collisional By E -« Collisional E,___ . U
' . = Radiative Eloss 0_1 0% Centrallty i 02—_ ® Radiative E y —_— _2 5 - - U
0_I T L - | IIDSS ] cm> | . | ] N
! 2 3 4 > 6 R I N
statistical uncertainties from the signal yield only p_[GeV/c] p_[GeVi/c] a
T
S12F T ' T ' L O e o e LA e e
of °F Pb+Pb |5y = 72 GeV @1 fF12r _ (b 0
- N? 1 &= ! Z{yLﬂh{lS (Yens = 2) : <
=g . """"""""""""""""""""""""""""""" - | arsrenne ]
08: ° [ ] : : :
B . # i 08—~ § . ¢ ! -
L o - |
5 d<y  <45(,,=0) : ] .
0.4} 1 04F =
o F ° Corsional B ] - e Collisional E,__ + ]
~ [ ™ Radiative E,,,, 1 "2F = Radiative E,__ E
ﬂ 'l L J A1 L L 1 I L 1 '} L ] Il L 1 1 I. L 1 L L J ] L 1 'l — ] . J , . . . I . , . . J . . I . l . , . . J . . ! . —3
1 2 3 4 5 6 0 1 2 3 4 5 6
P [GEVHC] [GEV;‘KE]

Excellent statistical precision, also for azimuthal anisotropies (v,) measurements
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FTER Spin physics - projections

- Single spin asymmetry (SSA)

+

non-zero quark/gluon Sivers function — non-zero
quark/gluon OAM

B Drell-Yan SSA — Quark Sivers effect

The target rapidity region (x: < 0) corresponds to high xT (xg = -1) where
the k; - spin correlation is the largest

> Precise measurements of A ¥ at high x

0.3 prr N e > DY pailr production on a transversely polarised
F 4 < M <9 GeVLC’ == SIDIS I(Sivers effect) . .
0.2F-dM = 1 Gevie? aeytes 1 target of interest of many experiments
N ety 1 » Check the sign change in A DY vs SIDIS
T NTPol+ol t“ B

> Process dependence predicted:

J__,I] —_ = -L,q 2
flT (X, k f1T (X’ k_L )Smni-Inclusive DIS

%)
4 Drell-Yan

* With a highly polarised gas target: from an
OFTIT02 0304 05 06 07 08 09 exploration phase to a consolidation phase

xT
P ol — o i |
N = E O.’]‘ + O-J' B eff ective STSA predictions for the AFTER@LHC kinematics:
pOldl”lSdthl”l - M. Anselmino, U. D’Alesio, and S. Melis. Adv. Hi. En. Phys. (2015) 475040.

- K. Kanazawa, Y. Koike, A. Metz, and D. Pitonyak. Adv. Hi. En. Phys. (2015) 257934.

-T. Liu, B.Q. Ma. Eur. Phys. J. C72 (2012) 2037
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FTER SPin physics - projections

- Single spin asymmetry (SSA)

B Gluon Sivers effect essentially unconstrained

v Can be measured via A of gluon sensitive probes

v Theoretical complication suggest to analyse multiple probes

» quarkonia - J/y, T, %, hc,...
* B and D meson production X Only existing measurement
© 02
> A AL Sef Ap L p+p — Jy+X at {s = 200 GeV
Y, Vel =y 0151 ¢p,>=1.6 GeVic (side points) & 2008
- ¢p_»=1.5 GeVic (middle point) g 2008
> JAY + y—: the cleanest o o 200802008
0.05 : ,-1I]
L H’ J *
0.05F |
3 |
0.15F |
N L B Y S S Y ¥ R ¥ &
-IF
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FTER Spin physics - projections

- Single spin asymmetry (SSA)

B Open charm SSA — Gluon Sivers effect and quark-gluon correlations

> DY collected with a transversely polarised target [Never measured]

> Access to the tri-gluon correlation and (indirectly) the gluon Sivers effect (— Lg)
[First hint by COMPASS that L, # O, J. Phys.: Conf. Ser. 678 012055]

> Unique study: A of D° vs D%— access to C-odd correlators

[NPRD 78, 114013 (2008)]

02— LI RN LR 02— ——— 7T ]
L p+p Vs =115 GeV p,=15GeVic 1 [y =225, p+p (5=115GeV  SIDISI .
0.15:— —: 0.15:— P —:
0.1 3 0.1F . R
520 05F 1 2n0sk - :
<€ 0.0 | =0.05F } :
{}!EE!H: : .D:_‘r e e~ e - o - - . L g\ m_ | 1w _:
- =Stat. unc. projection § - —=a— Stat. unc. projection i
- eff. pol. P=0.6 £0.03  —q [PRD 72 (2005 - - eff. pol. P = 0.6 +0.03 — - - q[PRD 72 (2005)] .
C L, =11b" - g [pos. bound] ] [L,=10f6" =eees g [pos. bound] ]
By Y | P S I I PP N I I T I _0‘10'....|....|....|....|....|....'
Ab.ﬁ 04 -03-02-01 0 01 02 03 04 0.5 | 2 3 4 5 6
Xg P, [GeV/c]
D°- K m

Excellent statistical
precision at a per-cent level

February 28", 2017 43 AFTER@LHC



FTER Spin physics - projections

- Single spin asymmetry (SSA)

B Quarkonia SSA — Gluon Sivers effect (hint from COMPASS)

U-15:""|'"'|""|""|----: 0.15:----|---'----|----|----|----|--'-|----:
U,lf— Stat. unc. projection *:EE —f Ulf—m— s =200 GeV (Phys. Rev. D 82, 112008 (2010)) —f
U.UE:— +1‘(;5] - ':]'.'[]'5:—_._ Stat. unc. projection _ e
0.05F- 4 <005k | =
—0.1Eeff. pol. P = 0.8 ~0.1%ff. pol. P = 0.8 E
05 p4p 5=115GeV L, =101’ 0I5E4p s=115GeV L, =025 | E
_D:||||||||||||||||| 1 _U :||--|||||||--|||||||--||||||-|....I...:
0.4 —0.3 0.2 0.1 1 03 025 02 —0.15 01 —0.05 0 005 0.1
X Ap
> A for all quarkonia can be measured with great precision
Excellent , . . .
statistical Unique access to C-even quarkonia and associated production
. . > Completely new perspective to study the gluon Sivers effect
precision pletety new persp yimeg 1

> Similar statistical precision with polarised *He target
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FTER Conclusions

‘4

AFTER@LHC is a proposal for a multi-purpose fixed target experiment
using the multi-TeV proton and heavy ion beams of the LHC
v Three main subjects push for a fixed-target program at the LHC

(no interference with other programs)

* The high-x frontier: new probes of the confinement and connections with
astroparticles

* The nucleon spin and the transverse dynamics of the partons

* The approach to the deconfinement phase transition: new energy, wide
rapidity domain and new probes

v 2 ways towards fixed-target collisions with the LHC beams
* A slow extraction with a bent crystal
* An internal gas target inspired by SMOG@LHCb/Hermes!/ ...

v New papers:

An Expression of Interest to be submitted to the LHCC 1s being written

after.in2p3.fr

Thank you !
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Add: 
AFTER@LHC has been included as a core subject in the CERN "Physics Beyond Colliders" initiative (one working group on the fixed-target mode at the LHC)
http://pbc.web.cern.ch/
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FTE. The LHCb detector

d Single arm spectrometer in the forward region
d Fully instrumented in its angular acceptance (2<n <5)

Muon system

RICH: K/m/p separation u identification: g(u—>u) ~ 97%
g(K=>K) ~ 95% Mis-ID: g(TT=>p) ~1-3%
Mis-ID: g(T=>K) ~ 5% - _ /

e

Vertex detector
IP resolution ~
20um

Dipole magnet e Electromagnetic
Bending power 4 Tm Tracking system + hadronic
Aplp = 0.5% - 1%

(5 GeV/c — 100 GeV/c) calorimeters
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FTER Open Heavy Flavour in pA collisions

D°—- K
> Heavy quarks in pA
Cronin effect ?
) d+Au 200 GeV , .
pom _ Collective effects ( radial flow)?
= + ,Possible evid for radial flow of
o RHIC ex - heavy mesons in d+Au collisions” Phys.
L H\H E Lett. B731 51-56 (2014)
120 i -
¥ ! . NE p+A 115 GeV
085" E e 0.05p——T T
G:ﬁf_ e electrons, 0-20% PRL 109 242301 (2012)H_‘ E p+Pb \syy = 115 GeV, 0-10% (b) E
- 0.04— —
04 Blast Wave calculation = L DO ]
l“uz R e 0.031 E
p. (GeV/c) E E
0_02_@@@@55@@#%@3"1{5 -
0.01F 4 <Y <43 Weys = 0) -
AFTER — definitive answer | = > <% ?Veu™29 | | |
0 | 2 3 4 5 6 7
P, GeV/c]
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FTER Future Reading

Heavy-Ion Physics

Gluon shadowing effects on J [y and Y production in p+Pb collisions at \/syy = 115 GeV and Pb+p
collisions at \/snn = 72 GeV at AFTER@LHC by R. Vogt. Adv.Hi.En.Phys. (2015) 1D:492302.

Prospects for open heavy flavor measurements in heavy-ion and p+A collisions in a fixed-target
experiment at the LHC by D. Kikola. Adv.Hi.En.Phys. (2015) ID:783134

Quarkonium suppression from coherent energy loss in fixed-target experiments using LHC beams by F.
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Anti-shadowing Effect on Charmonium Production at a Fixed-target Experiment Using LHC Beams by
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Lepton-pair production in ultraperipheral collisions at AFTER@LHC
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Spin physics

@ Transverse single-spin asymmetries in proton-proton collisions at the AFTER@LHC experiment

by K. Kanazawa, Y. Koike, A. Metz, and D. Pitonyak. [arXiv:1502.04021 [hep-ph]. Adv.Hi.En.Phys.
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Hadron structure
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@ Next-To-Leading Order Differential Cross-Sections for Jpsi, psi(2S) and Upsilon Production in
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@ A review of the intrinsic heavy quark content of the nucleon
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Feasibility study and technical ideas

@ Feasibility studies for quarkonium production at a fixed-target experiment using the LHC proton and
lead beams (AFTER@LHC) by L. Massacrier, B. Trzeciak, E. Fleuret, C. Hadjidakis, D. Kikola,
J.P.Lansberg, and H.S. Shao arXiv:1504.05145 [hep-ex]. Adv.Hi.En.Phys. (2015) ID:986348

@ A Gas Target Internal to the LHC for the Study of pp Single-Spin Asymmetries and Heavy lon Collisions
by C. Barschel, P. Lenisa, A. Nass, and E. Steffens. Adv.Hi.En.Phys. (2015) 1D:463141

@ Quarkonium production and proposal of the new experiments on fixed target at LHC by N.S.
Topilskaya, and A.B. Kurepin. Adv.Hi.En.Phys. (2015) ID:760840

Generalities

@ Physics Opportunities of a Fixed-Target Experiment using the LHC Beams

By S.]J. Brodsky, E Fleuret, C. Hadjidakis, J.P. Lansberg. [arXiv:1202.6585 [hep-ph]]. Phys.Rept. 522
(2013) 239.
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