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Contributions to the ESPP update and other scienti ¢ sources

3 ESPPU contributions submitted in Dec. 2019[overall signed by 200+ physicists]

@ Community Support for A Fixed-Target Programme for the biA@D. Bjorkeret al: ID 67
@ Physics opportunities for a xed-target programme in the ALICE experiment

by F. Galluccieet al[Submitted by L. Massacrier] : ID 47
@ e LHCSpin Projectby C. Aidalaet al: ID 111
@ Talk at the Granada Symposiurmdico link

Community Support for
A Fixed-Target Programme for the LHC

J.D. Bjorken‘. N. Brambillaz‘ S.J. Brodsky‘.J. CIeymanSS‘ F. Donato‘, M.G. Echevarrias, F Halzene, P. Hoyer7, A. Kusinae,
J.P. Lansbergg, PJ. Mulders‘o. C. Pajares“. H. Satz'z. J. Seixas‘z, A. Signori“. D. Sivers‘s. M. S1rikman's, and
L. Szymanowski‘7

Abstract
This contribution aims at promoting the ground-breaking physics programme accessible with the multi-TeV LHC
proton and ion beams used in the fixed-target mode. It can be realised in a parasitic mode for the LHC com-
plex using existing detectors like those of the LHCb and ALICE collaborations or new dedicated systems during
the LHC lifetime. It contains a brief description of the different technical implementations which are currently un-
der investigation as well as the basic performances offered by the use of the ALICE and LHCb detectors in the
fixed-target mode. In short, the multi-TeV LHC beams allow for the most energetic fixed-target experiment ever
performed opening the way for unique studies of the nucleon and nuclear structure at high x, of the spin content
of the nucleon and of the phases of the nuclear matter from a new rapidity viewpoint at seldom explored energies.

Contact: FTP4LHC-steering@ipno.in2p3.fr
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A Fixed-Target Programme at the LHC:

%
= Physics Case and Projected Performances for Heavy-lon, Hadron, Spin
o Astroparticle Studies
=
o C. Hadjidakié'%, D. Kikog&?, J.P. Lansbefg", L. Massacriet’, M.G. Echevarria? A. Kusind"2,
™ I. Schienbeift? J. Seixa¥®2, H.S. Shab? A. Signori2, B. Trzeciak?, S.J. BrodskY, G. Cavotb,
~ C.DaSilvd", F. Donatd, E.G. Ferreir8®, . Hiivndtov&, A. Klein™, A. Kurepirf,, C. Lorc&, F. Lyonnet,
j:; Y. Makdisf, S. Porteboedf C. Quintan8, A. Rakotoza®ndrabeP. Robb¥, W. Scandal
L N. Topilskayd, A. Urad, J. Wagnet, N. Yamanak3, Z. Yang® A. Zelenski
o
=
-
4]

& Abstract

— We review the context, the motivations and the expected performances of a comprehensive and
- “xed-target program using the multi-TeV proton and ion LHC beams. We also provide a detailed
of the different possible technical implementations ranging from an internal wire target to a full de
beam line extracted with a bent crystal. The possibilities offered by the use of the ALICE and
: + detectors in the “xed-target mode are also reviewed.

07106 pages {Submitted to Physics Reports
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E ect of boost : [particularly relevant for high energy beams
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@ e ALICE central barrel becomes amxtreme backward detector
@ Allows for backward physics up to high
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might allow forH, or D, injection [ absolutely essential for the physics cas

LHCSpin: injection of polarised gases
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injection of polarised gases
for the (depolarisation); goal :installation during LS3
€ : acceptance toward largelost if too remote
Gain of an additional tracker yet to be studied

like the RHIC polarimeter and/or modi cation of
the VELO vessel
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for the FT mode used with
ALICE can be considered
An is obviously one
Investigations are most advanced fcr@.
coupled with a bent crystal for

ITS removal during EYETS
from the IP using the
existing valve layout

A possible by
the UA9 collaboration
Extraction of the is

preferred. Luminosity reduction can be
compensated by a thicker target.

A gas-target layout will also be studied
within STRONG2020

Gain of an additional tracker and TPC perf.
yet to be studied within STRONG2020

J.P. Lansberg (1JCLab) AFTER@LHC February 6, 2020 14/ 27



I
Luminosity comparison [w detector constraints]

J.P. Lansberg (1JCLab) AFTER@LHC February 6, 2020 15/ 2



Luminosity comparison [w detector constraints]

LHCb “possible’

Assumption: Rates only constrained by the DAQ (40 MHz fopcoll.)
Lomy-n 210 1yr 5 Lpxe 300 pbtyr % Lppxe 30 nbtyr *

J.P. Lansberg (1JCLab) AFTER@LHC February 6, 2020 15/ 2



I
Luminosity comparison [w detector constraints]

LHCb “possible’

Assumption: Rates only constrained by the DAQ (40 MHz fopcoll.)
Lomy-n 210 1yr 5 Lpxe 300 pbtyr % Lppxe 30 nbtyr *

LHCb 'SMOG2' baseline for Run3

Assumption: Storage cell installed, very parasitic mode
L p beam 150 pb*on H, 10 pb*on D or 45 pb > on Ar; L pp beans 5 nb *on Ar

J.P. Lansberg (1JCLab) AFTER@LHC

February 6, 2020 15/ 2



Luminosity comparison [w detector constraints]

LHCb “possible’

Assumption: Rates only constrained by the DAQ (40 MHz fopcoll.)
Lpppn 210 1yr 5 Lpxe: 300 pbtyr % Lppxs 30 b tyr *

LHCb 'SMOG2' baseline for Run3

Assumption: Storage cell installed, very parasitic mode
L p beams 150 pb*on H, 10 pb*on D or 45 pb* on Ar; L pp beam 5 nb *on Ar

ALICE “possible' from Run4

Assumption: Readout rate: 50 kHz in PbPb coll. and possibly up to 1 MHzpiand pA coll.
With internal gas targett ,, : 250 pb*; Lppxe 8 nb *

With beam splitting and solid target: pw: 0:6 6 pb *; Lppw: 3nb*
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Drell-Yan
C. Hadjidakis et al, 1807.00603

Unigue acceptancgvith a LHCb-like detector) compared to used for
nuclear PDF t (E866 & E772 @ Fermilab).
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Unigue acceptancgvith a LHCb-like detector) compared to used for
nuclear PDF t (E866 & E772 @ Fermilab).

uptox, 1 [plot made fopXe with a Hermes like target (at 0!)]
Same acceptance fppcollisions
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Unigue acceptancgvith a LHCb-like detector) compared to used for
nuclear PDF t (E866 & E772 @ Fermilab).
uptoxy 1 [plot made fopXe with a Hermes like target (at 0!)]
Same acceptance fppcollisions
A single measurement (ippcoll.) at RHIC, just released
:‘FoM using Bayesian reweighting
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Drell-Yan
C. Hadjidakis et al, 1807.00603

Unigue acceptancgvith a LHCb-like detector) compared to used for
nuclear PDF t (E866 & E772 @ Fermilab).

uptoxy 1 [plot made fopXe with a Hermes like target (at 0!)]
Same acceptance fppcollisions
A single measurement (ippcoll.) at RHIC, just released

:‘FoM using Bayesian reweighting
as well as the PDF uncertainties
pW case
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Drell-Yan
C. Hadjidakis et al, 1807.00603

Unigue acceptancgvith a LHCb-like detector) compared to used for
nuclear PDF t (E866 & E772 @ Fermilab).

uptoxy 1 [plot made fopXe with a Hermes like target (at 0!)]
Same acceptance fppcollisions
A single measurement (ippcoll.) at RHIC, just released

:‘FoM using Bayesian reweighting

as well as the PDF uncertainties
On-going theory study fotW production accounting for threshold resummation
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Drell-Yan Intermediate-Mass-Region acceptance

C. Hadjidakis et al, 1807.00603 (v2)

Intermediate Mass Region @M+ @2:5 GeV) DY dominated by combinatorial background:

But rather easy to access: high rates and good acceptance
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Drell-Yan Intermediate-Mass-Region acceptance

C. Hadjidakis et al, 1807.00603 (v2)

Intermediate Mass Region @M+ @2:5 GeV) DY dominated by combinatorial background:
di cult to simulate: no FoM

But rather easy to access: high rates and good acceptance

For LHCbwithz ~ 15m (right plot, green), the acceptance is signi cantly shifed to loxver
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. . o C. Hadjidakis et al, 1807.00603 (v2)
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z 1500 mm ( LHCSpin): 4@ -4 @6:5
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Drell-Yan STSAs & the target location

. . o C. Hadjidakis et al, 1807.00603 (v2)
As aforementioned, without additional detector:

z 1500 mm ( LHCSpin): 4@ -4 @6:5
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Drell-Yan STSAs & the target location

As aforementioned, without additional detector:
z 1500 mm ( LHCSpin): 4@ -4 @6:5
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I I I I I g
01 02 03 04 05 06 07 08 ¢«
X

C. Hadjidakis et al, 1807.00603 (v2)

Might be worth considering the gas-jet option allowing for a less remote target foeHe)
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Both for LHCb and ALICE, the coverage also depends on the target position
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Energy domain!

through g& T
with a good PID (LHCb and ALICE)
At backward rapidities, lower
backgrounds
Handle on

(e.9. ¢b, ¢)andonopen charm and
beauty
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Heavy ions: rapidity scan & heavy- avour precision studie

Energy domain!

through g& T
with a good PID (LHCb and ALICE)
At backward rapidities, lower
backgrounds
Handle on
(e.9. ¢b, ¢)andonopencharm and
beauty

to be done in

cooperation with the LHCb and
ALICE collaborations with advanced
simulations
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Rapidity scan

lllustration of the ALICE-LHCb complementarity

C. Hadjidakiset al, 1807.00603
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Quarkonium Projections: heavy-ion collisions

C. Hadjidakis et al, 1807.00603; B.Trzeciakt alFew-Body Syst (2017) 58:148
Like for nPDF studies (see later),
Clear for areliable

Statistical-uncertainty projections (accounting for background subtraction)
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Gluons at the highx frontier using precision heavy- avour-production data

Extremely promising rst projections

using Bayesian reweighting
[esp. since initial nPDF uncertainties farA 0:1

(red band) are

;simply no data ex-
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