d‘PN The France-Stanford Center for %
L

TN B IS R Corotane e s Interdisciplinary Studies

" AFTER @ LHC

A Fixed-Target ExpeRiment using the proton and lead LHC beams

IN2P3

es deux infinis

Jean-Philippe Lansberg
IPN Orsay, Université Paris-Sud

May 10-11, 2012
SPRING 2012 AFTER Meeting
LPSC, Grenoble

@)

AFTER @ LHC

with the support of F. Fleuret (LLR), S.J. Brodsky (SLAC), C. Hadjidakis (IPN), R. Arnaldi (Torino), V. Chambert (IPN), J.P. Didelez
(IPN), B. Genolini (IPN), E.G. Ferreiro (USC), A. Rakotozafindrabe (CEA), P. Rosier (IPN),E. Scomparin (Torino), and
U.l. Uggerhgj (Aarhus)

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER: A fixed-target experiment at LHC May 10, 2012 1/15



Part |

A fixed-target experiment using the LHC beam(s):
generalities

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER: A fixed-target experiment at LHC May 10, 2012 2/15



-
A Fixed Target ExperRiment

Generalities
@ pporpAwitha7 TeV pbeam: /s ~ 115 GeV

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER: A fixed-target experiment at LHC May 10, 2012 3/15



-
A Fixed Target ExperRiment

Generalities
@ pporpAwitha7 TeV pbeam: /s ~ 115 GeV
@ The beam may be extracted using “Strong crystalline field”
without any performance decrease of the LHC !
E. Uggerhagij, U.l Uggerhgj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER: A fixed-target experiment at LHC May 10, 2012 3/15



-
A Fixed Target ExperRiment

Generalities
@ pporpAwitha7 TeV pbeam: /s ~ 115 GeV

@ The beam may be extracted using “Strong crystalline field”
without any performance decrease of the LHC !
E. Uggerhgij, U.I Uggerhgj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131
@ Expected luminosities with 5 x 108 p/s extracted (1cm-long target)
Target  p(g.cm?® A, (upis1) [ (pblyr?)
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@ The beam may be extracted using “Strong crystalline field”
without any performance decrease of the LHC !

E. Uggerhagij, U.l Uggerhgj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131
@ Expected luminosities with 5 x 108 p/s extracted (1cm-long target)
Target  p(g.cm?) A ; (ubis1) S (pblyry)

Sol. H, 0.09 1 26 260
Lig. H, 0.07 1 20 200
Lig. D, 0.16 2 24 240
Be 1.85 9 62 620
Cu 8.96 64 a2 420
w 19.1 185 31 310
Pb 11.35 207 16 160

@ Using NA51-like 1.2m-long liquid Ho & D, targets, L, ,p, ~ 20 fo~ "y~
@ Planned lumi for PHENIX Run14pp 12 pb~' and Run14dAu 0.15 pb~'
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@ Expected luminosities with 2 x 10° Pb/s extracted (1cm-long target)

Target p (g.cm?) £ (mb.s?)=[% (nblyr?)
Sol. H, 0.09 1 11
Liq. H, 0.07 1 8
Liq. D, 0.16 2 10
Be 1.85 9 25
Cu 8.96 64 17
w 19.1 185 13
Pb 11.35 207 7

@ Planned lumi for PHENIX Run15AuAu 2.8 nb~' (0.13 nb~" at 62 GeV)
@ Nominal LHC lumi for PbPb 0.5 nb~!

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER: A fixed-target experiment at LHC May 10, 2012 4/15




Part Il

AFTER: a couple of flagships measurements J

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER: A fixed-target experiment at LHC May 10, 2012 5/15



|
Key studies

@ Gluon distribution at high and ultra-high xg in the

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER: A fixed-target experiment at LHC May 10, 2012 6/15



|
Key studies

@ Gluon distribution at high and ultra-high xg in the
e proton

I
o

gluon (4 = 100 GeV)

CT1Q, gluon uncertainty
<2 o
T

o

.5
103 1072 1071

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER: A fixed-target experiment at LHC May 10, 2012 6/15



|
Key studies

@ Gluon distribution at high and ultra-high xg in the
e proton

»
o

e heutron (via deuteron target)

gluon (1 = 100 GeV)

CT1Q gluon uncertainty
<2 o
T

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER: A fixed-target experiment at LHC May 10, 2012 6/15



|
Key studies

@ Gluon distribution at high and ultra-high xg in the

e proton
e heutron (via deuteron target) 2
EMC giuon: " min
central (quark-like)
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@ Gluon distribution at high and ultra-high xg in the

e proton
e neutron (via deuteron target) S
central (quark-like)
(] nUCIGUS 16 EPS09LO range
Wlth . Q=7 GeV (a)
e quarkonia (detailed later) 04 1

o Isolated photon

e “high” Pt jets (we should access Pr € [20, 40] GeV)
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@ Gluon Sivers effect
(correlation between the gluon kr & the proton spin)

e Transverse single spin asymetries
using gluon sensitive probes

° quarkonla (J/ll)’ Y, Xc’ T ) * E p+p - Jly+X at\s = 200 GeV
see also the talk by V.Rawoot ISE < o216 Gevie (side points) =05
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@ Gluon Sivers effect
(correlation between the gluon kr & the proton spin)

e Transverse single spin asymetries
using gluon sensitive probes
e quarkonia (J/¥, Y, xc¢, ---) i
see also the talk by V.Rawoot T s, o

E ® 2006+20(
0.05

I

i #T

0.1

e B & D meson production

0.5

£ I L I
0315 -0.1 -0.05 xﬂ 0.05 0.1 0.15
F

v and -jet (A. Bacchetta, et al Phys. Rev. Lett. 99 (2007) 212002)
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@ Gluon Sivers effect
(correlation between the gluon kr & the proton spin)
e Transverse single spin asymetries
using gluon sensitive probes

° rkoni Y .
qua onia (J/llb’ » Xo ) 0'; p+p - Jy+X at\s = 200 GeV
see also the talk by V.Rawoot i e it
”'I? T ® 2006420
1‘.’[5;
£ o %” ‘
.n.as; ? l (Ph
. 1 ?
e B & D meson production s
"':ﬂjs N B Y R ¥ ¥ ¥ 1

XF

e v and y-jet (A. Bacchetta, et al Phys. Rev. Lett. 99 (2007) 212002)

@ the target-rapidity region corresponds to high x'
where the kr-spin correlation is the largest
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@ For the first time, one would study W /Z production
with a fixed target experiment

e Unique opportunity to study W /Z production
in their threshold region

o If W'/ Z' exist, their production may share similar threshold
corrections as that of W/Z

e Rates have to be evaluated carefully

o Reconstructed rate are most likely between a few dozen to a
few thousand / year

@ Multiply heavy baryons: discovery potential ?

@ Very forward (backward) physics:
e semi-diffractive events

o Ultra-peripheral collisions, etc.
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SLAC-PUB-14878
Physics Opportunities of a Fixed-Target Experiment using the LHC Beams
S.J. Brodsky', F. Fleuret®, C. Hadjidakis®, J.P. Lansberg’

ISLAC National Accelerator Laboratory, Theoretical Physics, Stanford University, Menlo Park, California 94025, USA
2Laboratoire l_l’pl‘mt(’ Ringuet, Ecole polytechnique, CNRSIN2P3, 91128 Palaiseau, France
3IPNO, Université Paris-Sud, CNRS/IN2P3, 91406 Orsay, France

Abstract

We outline the many physics opportunities offered by a multi-purpose fixed-target experiment using the proton and lead-ion beams of the
LHC extracted by a bent crystal. In a proton run with the LHC 7-TeV beam. one can analyze pp. pd and pA collisions at center-of-mass
energy +syy = 115 GeV and even higher using the Fermi-motion of the nucleons in a nuclear target. In a lead run with a 2.76 TeV-
per-nucleon beam, +/Syy is as high as 72 GeV. Bent crystals can be used to extract about 5 x 10° protons/sec: the integrated luminosity
over a year would reach 0.5 fb~! on a typical 1 cm-long target without nuclear species limitation. We emphasize that such an extraction
mode does not alter the performance of the collider experiments at the LHC. By instrumenting the target-rapidity region, gluon and heavy-
quark distributions of the proton and the neutron can be accessed at large x and even at x larger than unity in the nuclear case. Single
diffractive physics and, for the first time, the large negative-x; domain can be accessed. The nuclear target-species versatility provides a
unique opportunity to study nuclear matter versus the features of the hot and dense matter formed in heavy-ion collisions, including the
formation of the Quark-Gluon Plasma (QGP), which can be studied in PbA collisions over the full range of target rapidities with a large
variety of nuclei. The polarization of hydrogen and nuclear targets allows an ambitious spin program, including measurements of the QCD
lensing effects which underlie the Sivers single-spin asymmetry. the study of transversity distributions and possibly of polarized parton
distributions. We also emphasize the potential offered by pA ultra-peripheral collisions where the nucleus target A is used as a coherent
photon source, mimicking photoproduction processes in ep collisions. Finally, we note that W and Z bosons can be produced and detected
in a fixed-target experiment and in their threshold domain for the first time, providing new ways to probe the partonic content of the proton
and the nucleus.

Keywords: LHC beam, fixed-target experiment
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A dilepton observatory
= Region in x probed by dilepton production as function of M,
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A dilepton observatory

= Region in x probed by dilepton production as function of M,
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@ This allows for high luminosity pp, pA and PbA collisions at
Vs =115 GeV and /sy = 72 GeV
@ Example: precision quarkonium studies taking advantage of

e high luminosity (reach in y, Py, small BR channels)
o target versatility (CNM effects, strongly limited at colliders)
e modern detection techniques (e.g. v detection with high multiplicity)

@ This would likely prepare the ground for g(x, Q?) extraction

@ A wealth of possible measurements:
DY, Open b/c, jet correlation, UPC... (not mentioning secondary beams)
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