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Part I

A fixed-target experiment using the LHC beam(s):
generalities
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A Fixed Target ExperRiment
Generalities

pp or pA with a 7 TeV p beam :
√

s ' 115 GeV

The beam may be extracted using “Strong crystalline field”
without any performance decrease of the LHC !
E. Uggerhøj, U.I Uggerhøj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131

Expected luminosities with 5× 108 p/s extracted (1cm-long target)
Target ρ (g.cm-3) A L  (µb-1.s-1) òL (pb-1.yr-1)

Sol. H
2

0.09 1 26 260

Liq. H
2

0.07 1 20 200

Liq. D
2

0.16 2 24 240

Be 1.85 9 62 620

Cu 8.96 64 42 420

W 19.1 185 31 310

Pb 11.35 207 16 160

Using NA51-like 1.2m-long liquid H2 & D2 targets, LH2/D2 ' 20 fb−1y−1

Planned lumi for PHENIX Run14pp 12 pb−1 and Run14dAu 0.15 pb−1

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



A Fixed Target ExperRiment
Generalities

pp or pA with a 7 TeV p beam :
√

s ' 115 GeV
The beam may be extracted using “Strong crystalline field”

without any performance decrease of the LHC !
E. Uggerhøj, U.I Uggerhøj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131

Expected luminosities with 5× 108 p/s extracted (1cm-long target)
Target ρ (g.cm-3) A L  (µb-1.s-1) òL (pb-1.yr-1)

Sol. H
2

0.09 1 26 260

Liq. H
2

0.07 1 20 200

Liq. D
2

0.16 2 24 240

Be 1.85 9 62 620

Cu 8.96 64 42 420

W 19.1 185 31 310

Pb 11.35 207 16 160

Using NA51-like 1.2m-long liquid H2 & D2 targets, LH2/D2 ' 20 fb−1y−1

Planned lumi for PHENIX Run14pp 12 pb−1 and Run14dAu 0.15 pb−1

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



A Fixed Target ExperRiment
Generalities

pp or pA with a 7 TeV p beam :
√

s ' 115 GeV
The beam may be extracted using “Strong crystalline field”

without any performance decrease of the LHC !
E. Uggerhøj, U.I Uggerhøj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131

Expected luminosities with 5× 108 p/s extracted (1cm-long target)
Target ρ (g.cm-3) A L  (µb-1.s-1) òL (pb-1.yr-1)

Sol. H
2

0.09 1 26 260

Liq. H
2

0.07 1 20 200

Liq. D
2

0.16 2 24 240

Be 1.85 9 62 620

Cu 8.96 64 42 420

W 19.1 185 31 310

Pb 11.35 207 16 160

Using NA51-like 1.2m-long liquid H2 & D2 targets, LH2/D2 ' 20 fb−1y−1

Planned lumi for PHENIX Run14pp 12 pb−1 and Run14dAu 0.15 pb−1

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



A Fixed Target ExperRiment
Generalities

pp or pA with a 7 TeV p beam :
√

s ' 115 GeV
The beam may be extracted using “Strong crystalline field”

without any performance decrease of the LHC !
E. Uggerhøj, U.I Uggerhøj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131

Expected luminosities with 5× 108 p/s extracted (1cm-long target)
Target ρ (g.cm-3) A L  (µb-1.s-1) òL (pb-1.yr-1)

Sol. H
2

0.09 1 26 260

Liq. H
2

0.07 1 20 200

Liq. D
2

0.16 2 24 240

Be 1.85 9 62 620

Cu 8.96 64 42 420

W 19.1 185 31 310

Pb 11.35 207 16 160

Using NA51-like 1.2m-long liquid H2 & D2 targets, LH2/D2 ' 20 fb−1y−1

Planned lumi for PHENIX Run14pp 12 pb−1 and Run14dAu 0.15 pb−1

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



A Fixed Target ExperRiment
Generalities

pp or pA with a 7 TeV p beam :
√

s ' 115 GeV
The beam may be extracted using “Strong crystalline field”

without any performance decrease of the LHC !
E. Uggerhøj, U.I Uggerhøj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131

Expected luminosities with 5× 108 p/s extracted (1cm-long target)
Target ρ (g.cm-3) A L  (µb-1.s-1) òL (pb-1.yr-1)

Sol. H
2

0.09 1 26 260

Liq. H
2

0.07 1 20 200

Liq. D
2

0.16 2 24 240

Be 1.85 9 62 620

Cu 8.96 64 42 420

W 19.1 185 31 310

Pb 11.35 207 16 160

Using NA51-like 1.2m-long liquid H2 & D2 targets, LH2/D2 ' 20 fb−1y−1

Planned lumi for PHENIX Run14pp 12 pb−1 and Run14dAu 0.15 pb−1

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



A Fixed Target ExperRiment
Generalities

Pbp or PbA with a 2.75 TeV Pb beam :
√

sNN ' 72 GeV

Crystal channeling is also possible (to extract a fraction of the beam)

May require crystals highly resistant to radiations: bent diamonds ?
P. Ballin et al., NIMB 267 (2009) 2952

Expected luminosities with 2× 105 Pb/s extracted (1cm-long target)
Target ρ (g.cm-3) A L  (mb-1.s-1)=òL (nb-1.yr-1)

Sol. H
2

0.09 1 11

Liq. H
2

0.07 1 8

Liq. D
2

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−1 (0.13 nb−1 at 62 GeV)

Nominal LHC lumi for PbPb 0.5 nb−1
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Part II

AFTER: a couple of flagships measurements
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Key studies

Gluon distribution at high and ultra-high xB in the

proton

neutron (via deuteron target)

nucleus

with

quarkonia (detailed later)

Isolated photon

“high” PT jets (we should access PT ∈ [20,40] GeV)
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Key studies

Heavy-quark distributions at large xB

Pin down instrinsic charm, ... at last

DGLAP

BHPS

Sea-like
All 3 compatible
with DIS data
(Pumplin et al.)
see also the talk by J.C Peng

Total open charm and beauty cross section
(down to PT → 0)

requires

several complementary measurements

good coverage in the target-rapidity region

high luminosity to reach large xB
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Key studies

Gluon Sivers effect
(correlation between the gluon kT & the proton spin)

Transverse single spin asymetries
using gluon sensitive probes

quarkonia (J/ψ, Υ, χc , . . . )
see also the talk by V.Rawoot
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>=1.6 GeV/c (side points)
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2006
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2006+2008

B & D meson production

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

the target-rapidity region corresponds to high x↑

where the kT -spin correlation is the largest
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Key studies

For the first time, one would study W /Z production
with a fixed target experiment

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

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

Rates have to be evaluated carefully

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

Multiply heavy baryons: discovery potential ?

Very forward (backward) physics:

semi-diffractive events

Ultra-peripheral collisions, etc.
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More details in arxiv:1202.6585
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A Fixed Target ExpeRiment
A dilepton observatory

ß Region in x probed by dilepton production as function of M``

  

ϕ
J/ψ « family »

ϒ « family »

ϕ
J/ψ « family »

ϒ « family »

ϕ
J/ψ « family »

Z boson

ϒ « family »

Þ Above cc̄: x ∈ [10−3,1]
Þ Above bb̄: x ∈ [9× 10−3,1]

Note: xtarget (≡ x2) > xprojectile(≡ x1)
“backward” region

Þ sea-quark asymetries
via p and d studies

- at large(est) x : backward (“easy”)
- at small(est) x : forward (need to
stop the (extracted) beam)

ß To do: to look at the rates to see how competitive this will be

ß Interesting to check the negligible cos 2φ dependence in pd compared to π
induced DY
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Part III

Conclusion and outlooks
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Conclusion

Both p and Pb LHC beams can be extracted without disturbing
the other experiments

Extracting a few per cent of the beam→ 5× 108 protons per sec
see Cynthia’s talk

This allows for high luminosity pp, pA and PbA collisions at√
s = 115 GeV and

√
sNN = 72 GeV

Example: precision quarkonium studies taking advantage of

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

This would likely prepare the ground for g(x ,Q2) extraction
A wealth of possible measurements:
DY, Open b/c, jet correlation, UPC... (not mentioning secondary beams)
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