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A Fixed Target ExpeRiment at LHC
Use LHC beams on fixed target :

• LHC 7 TeV proton beam 

‣ √s ∼ 115 GeV : p−p, p−d, p−A

• LHC 2.76 TeV lead beam 

‣ √s ∼ 72 GeV : Pb−p, Pb−A
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standard collimation
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RD22 @ SPS (1990 - 95)
E853 @ Tevatron (1993 - 98)

@ RHIC (2001 - 2005)
@ Tevatron (2005 - 2011)

UA9 @ SPS (2008 - ...)
LUA9 @ LHC (approved by the LHCC in end 

2011)

Bent crystal channeling

[ W. Scandale, Joint LUA9-AFTER meeting, Nov. 2013 ]
Joint 

meeting



‣ CRYSBEAM

‣ AFTER @ LHC

From beam collimation ...
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beam core
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channeling
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... to beam extraction

RD22 @ SPS (1990 - 95)
E853 @ Tevatron (1993 - 98)

@ RHIC (2001 - 2005)
@ Tevatron (2005 - 2011)

UA9 @ SPS (2008 - ...)
LUA9 @ LHC (approved by the LHCC in end 

2011)

Bent crystal channeling

[ W. Scandale, Joint LUA9-AFTER meeting, Nov. 2013 ]
Joint 

meeting



UA9 @ SPS
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UA9 installation in the SPS 19

Goal : assess the possibility to use bent crystals as primary 
collimators in hadronic accelerators and colliders

[ S. Montesano, Physics at AFTER using LHC 
beams, ECT* Trento, Feb. 2013]



UA9 @ SPS
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[ W. Scandale, Joint LUA9-AFTER meeting, Nov. 2013 ]

~45m / Δμ=60°

Medipix pixel detector in a Roman pot:
! Intensity, profile and angle of the deflected beam
! Efficiency of channeling (with multi-turn effect) 

(needs information on circulating beam current)

channeling

amorphous

Direct view of channeled beam
~ 67m / Δμ=90°

~ 45m / Δμ=60°

Medipix in a 
Roman pot

absorber

Joint 

meeting
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[ S. Montesano, Joint LUA9-AFTER meeting, Nov. 2013 ]Joint 

meeting
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[ S. Montesano, Joint LUA9-AFTER meeting, Nov. 2013 ]Joint 

meeting

A complete crystal collimation prototype 
is installed in the SPS



LUA9 @ LHC
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[ S. Montesano, Joint LUA9-AFTER meeting, Nov. 2013 ] Joint 

meeting
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[ S. Montesano, Joint LUA9-AFTER meeting, Nov. 2013 ] Joint 

meeting

A minimal prototype system has been designed for 
LHC :
• integration studies on-going
• probable physical installation in 2014
• first tests with beam possibly in 2015/2016



UA9 2.0: CRYSBEAM 
–  A possible setup to extract a hadron beam  

(not for for collimation but sharing the same difficulties) 
– Meant to work at high luminosity (high current) 

CRYStal channeling to extract a high energy hadron BEam  
from an Accelerator Machine 

Presented for  FP7 
ERC CoG call  

2/11/13 3 Gianluca Cavoto 

1 mrad deflection 

CRYSBEAM could be ready for LS2

ECT* 

Trento

[G. Cavoto, Physics at AFTER using LHC beams, ECT* Trento, Feb. 2013 ]
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Fresh news : ERC grant 
accepted a few weeks ago !!!



LHC beam extraction
Use strong crystalline field in bent crystals :
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• mature technique 
‣ successful for proton beam : RD22 @ SPS (1990), ...,Tevatron (2005), 

UA9 @ SPS (2008)

‣ test @ LHC recommended by LHCC ☛ LUA9

‣ ion beam : test at SPS

[ W. Scandale et al., JINST 6 (2011) T10002 ]
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extraction direction) ~ 0.3mm
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• for extraction and collimation
‣ extremely small emittance : beam size 950m after the extraction (in the 

extraction direction) ~ 0.3mm

[ W. Scandale et al., PLB 703 (2011) 547 ]

• Proposal : insertion in the halo (7σ) of the proton LHC beam 
‣ here with a deflection 0.275 mrad

‣ extraction eff. (multi pass) ~ 50% LHC beam loss ➾ 5.108 p/s extracted

‣ yearly luminosity (1 cm thick target) : 0.1 to 0.6 fb-1 in p−H(A), 7 to 25 nb-1 in Pb−A 

[ E Uggerhoj and U.I. Uggerhoj, NIM B 234 (2005) 31 ]

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 ]
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Ge, Si crystal 

• for extraction and collimation
‣ extremely small emittance : beam size 950m after the extraction (in the 

extraction direction) ~ 0.3mm

[ W. Scandale et al., PLB 703 (2011) 547 ]

• Proposal : insertion in the halo (7σ) of the proton LHC beam 
‣ here with a deflection 0.275 mrad

‣ extraction eff. (multi pass) ~ 50% LHC beam loss ➾ 5.108 p/s extracted

‣ yearly luminosity (1 cm thick target) : 0.1 to 0.6 fb-1 in p−H(A), 7 to 25 nb-1 in Pb−A 

[ E Uggerhoj and U.I. Uggerhoj, NIM B 234 (2005) 31 ]

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 ]

no performance decrease of the LHC
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Luminosity in pH, pA
in units of ( fb−1 year−1) @ √s = 115 GeV
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J.P. Lansberg, Phys. Rep. 522 (2013) 239 ]



Andry Rakotozafindrabe (CEA Saclay) 13

Luminosity in pH, pA
in units of ( fb−1 year−1) @ √s = 115 GeV

AF
TE
R

ALICE
LHCbLH

C
RH

IC
pp : 100 x RHIC, 
comparable to LHCb

RHIC lumi. from 
PHENIX decadal plan
(run plan 2011-2015)

[S. Brodsky, F. Fleuret, C. Hadjidakis, 
J.P. Lansberg, Phys. Rep. 522 (2013) 239 ]



Andry Rakotozafindrabe (CEA Saclay) 13

Luminosity in pH, pA
in units of ( fb−1 year−1) @ √s = 115 GeV

AF
TE
R

ALICE
LHCbLH

C
RH

IC
pp : 100 x RHIC, 
comparable to LHCb

pA : 102-103 x RHIC

RHIC lumi. from 
PHENIX decadal plan
(run plan 2011-2015)

[S. Brodsky, F. Fleuret, C. Hadjidakis, 
J.P. Lansberg, Phys. Rep. 522 (2013) 239 ]



Andry Rakotozafindrabe (CEA Saclay) 13

Luminosity in pH, pA
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pp : 100 x RHIC, 
comparable to LHCb

pA : 102-103 x RHIC

RHIC lumi. from 
PHENIX decadal plan
(run plan 2011-2015)

[S. Brodsky, F. Fleuret, C. Hadjidakis, 
J.P. Lansberg, Phys. Rep. 522 (2013) 239 ]

Recycle the LHC beam loss → a luminosity comparable to the LHC itself !
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in units of ( nb−1 year−1) @ √s = 72 GeV

Luminosity in PbA
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[S. Brodsky, F. Fleuret, C. Hadjidakis, 
J.P. Lansberg, Phys. Rep. 522 (2013) 239 ]
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in units of ( nb−1 year−1) @ √s = 72 GeV

PbA :

same stat. w.r.t. RHIC 
@ 200 GeV and LHC
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[S. Brodsky, F. Fleuret, C. Hadjidakis, 
J.P. Lansberg, Phys. Rep. 522 (2013) 239 ]
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in units of ( nb−1 year−1) @ √s = 72 GeV

PbA :

same stat. w.r.t. RHIC 
@ 200 GeV and LHC

Luminosity in PbA

AF
TE
R

LH
C

RH
IC

102 x RHIC @ 62 GeV

[S. Brodsky, F. Fleuret, C. Hadjidakis, 
J.P. Lansberg, Phys. Rep. 522 (2013) 239 ]
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Test the high x frontier of QCD
x = 0.3 − 1

• Nucleon partonic structure (PDF)

• Correlations between partons 
(spatial position, momentum, spin ...)  
➠ nucleon 3D structure

QCD near the high x frontier
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(spatial position, momentum, spin ...)  
➠ nucleon 3D structure

QCD near the high x frontier

A Fixed Target ExpeRiment @ LHC :

• very energetic unpolarised p beam 

• polarised or unpolarised nuclear target, where 

• full backward access, up to 

‣ the target rapidity region corresponds to high

(x" = x2)

(xF ! �1) , (x" ! 1)

x

"

high luminosity
&

scan in xF



Andry Rakotozafindrabe (CEA Saclay) 16

Test the high x frontier of QCD
x = 0.3 − 1

• Nucleon partonic structure (PDF)

• Correlations between partons 
(spatial position, momentum, spin ...)  
➠ nucleon 3D structure

QCD near the high x frontier

A Fixed Target ExpeRiment @ LHC :

• workshop @ ECT* Trento : confirmation of strong physics cases for spin physics

• flavor separation

• complementarity with JLAB (intermediate to large x) and LHeC (very low x)

• target : rather low heating (~50µW) due to the extracted LHC hadron beam 
⇒ run duration up to ~23 days [ J.P. Didelez, Physics at AFTER using LHC beams, 

ECT* Trento, Feb. 2013]



More details

‣ in Phys. Rept. :

‣ on the website :
after.in2p3.fr
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[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. 
Rep. 522 (2013) 239 ]

http://after.in2p3.fr/
http://after.in2p3.fr/
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Gluon PDF

µ = 100 GeV

gluon PDF 
uncertainty

gluon PDF at high x :
with large uncertainties for proton
need high luminosity to reach large x

exp. probes :
‣ heavy quarkonia (gg fusion at high energy)
‣ isolated photons (gq fusion)
‣ high pT jets (pT >20 GeV, accessible up to 40 GeV)

p−p

23/31AFTER-LHC, ECT* Trento, Feb'13                                                                    David d'Enterria (CERN)

(x,Q(x,Q22) map of AFTER isolated-) map of AFTER isolated-  gg

■  p-p kinematics at fixed-target LHC:

   To access x > 0.3 one needs isolated-g with: p
T 
= x

T
√s/2 > 10-20 GeV/c

[D.d'E & J.Rojo, NPB 860 (2012) 311]

AFTER region: pp → g  X

x > 0.3 (p,Pb)

x >1 (Pb)

[ D. D’Enterria, Physics at AFTER using LHC beams, ECT* Trento, Feb. 2013]

for isolated photons :

to access x > 0.3, one 
needs isolated photon 
with pT = xT √s/2 
> 10-20 GeV

ECT* 

Trento
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gluon PDF at high x :
with large uncertainties for proton
need high luminosity to reach large x

exp. probes :
‣ heavy quarkonia (gg fusion at high energy)
‣ isolated photons (gq fusion)
‣ high pT jets (pT >20 GeV, accessible up to 40 GeV)

p−p

[ D. D’Enterria, Physics at AFTER using LHC beams, ECT* Trento, Feb. 2013]

for isolated photons :

to access x > 0.3, one 
needs isolated photon 
with pT = xT √s/2 
> 10-20 GeV

spread ⇐ CT10 PDF uncertainties

JETPHOX NLO pQCD calculations for p-p @ √s = 115 GeV, |y| < 0.5
Luminosity ~ 2. 103 pb-1/year, with a10 cm H2-target 

ECT* 

Trento
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Heavy quark PDF

DGLAP BHPS sea-like

x=0.1 x=1

intrinsic charm

[ Pumplin et al., PRD 75 (2007) 
054029]

charm (and bottom) PDF at high x :
discriminate all charm PDFs currently 
in agreement with DIS data

exp. probes :
‣ open charm, open beauty
‣ new open c, b hadrons at high xF ?

‣ γ + c , γ + b production

[ Chang and Peng, PLB 704 (2011) 197 ]

p−p

dominant diagram : photon 
couples to initial quarks

[T. Stavreva, Physics at AFTER using LHC beams, ECT* Trento, Feb. 2013]

~1 count

cross section : 
good sensitivity 

to intrinsic charm

ECT* 

Trento
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Quark momentum tomography − Sivers Effect

• Sivers function from transverse Single 
Spin Asymmetries (SSAs)

• Access to quark TMDs in polarised 
Drell-Yan (excluding heavy flavors)

• Important test of QCD : test sign 
change between SIDIS and DY
‣ Complementary with COMPASS

p−p↑

kT

transv. pol. N.

kT

−
Sivers function :
Correlation between parton kT and nucleon spin

Cynthia Hadjidakis       Saclay      June 22nd 2012

Polarizing the hydrogen target

18

⇒ AFTER provides a good luminosity to study target spin related measurements
⇒ Complementary xp range with other spin physics experiments

xp↑ range corresponds to Drell-Yan measurements 

• Instantaneous Luminosity
L = Nbeam x NTarget = Nbeam x (ρ x e x NA)/A

– Nbeam=5 x 108 p+/s 
– e (target thickness) = 50 cm

Sizeable SSAs in D-Y at xF < 0
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Status and outlooks

• first paper on physics opportunities Phys. Rep. 522 (2013) 239 

• webpage after.in2p3.fr 

• workshops :

✓ 10 days at Trento earlier in February 2013

✓ 3 days, end November 2013, joint LUA9-AFTER meeting at 
IPN Orsay / LAL 

✓ next large workshop : 2014, January 12-17, at Les Houches

• Looking for partners !

• Target schedule : the installation of the extraction system should 
coincide with a LHC Long Shutdown.
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M.	  Anselmino	  (Torino),	  R.	  Arnarldi	  (Torino),	  S.J.	  Brodsky	  (SLAC),	  V.	  Chambert	  (IPN),	  J.P.	  Didelez	  (IPN),	  
B.	  Genolini	  (IPN),	  E.G.	  Ferreiro	  (USC),	  F.	  Fleuret	  (LLR),	  C.	  Hadjidakis	  (IPN),	  J.P.	  Lansberg	  (IPN),	  
C.	  Lorcé	  (IPN),	  A.	  Rakotozafindrabe	  (CEA),	  P.	  Rosier	  (IPN),	  I.	  Schienbein	  (LPSC),	  E.	  Scomparin	  (Torino),	  
U.I.	  Uggerhøj	  (Aarhus)	  ...

http://after.in2p3.fr/
http://after.in2p3.fr/


Program & registration :

http://indico.in2p3.fr/event/AFTER@LesHouches
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Backward physics

25Andry Rakotozafindrabe (CEA Saclay)



A rough timeline*
√sNN (TeV)

time

2.76

5.50

2008-09 13 18 22

0.017
0.039

0.200

LS1 LS2 LS3
LHC

(CERN)

0.115

SPS 
(CERN)CHIC

STAR, PHENIX

ALICE, ATLAS, 
CMS, LHCb

16

(*) focusing on AA, pA, eA, collisions only

upgrade
ALICE1.00 LHeC LHeC

(CERN)

STAR, sPHENIX
eSTAR, ePHENIX

RHIC
(Brookhaven)

upgrade
LHC

major upgrades ATLAS, CMS

AFTER  
(CERN)

AFTER

e
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LHeC / eRHIC : electron-ion colliders

RHIC @ BNL
up to 140 (90) GeV ep (eA)

INT Report: arXiv:1108.1713v2 

LHC @ CERN
up to 2 (1.2) TeV ep (eA)
CDR arXiv:1206.2913
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Figure 1.8: Top: The schematic of eRHIC at BNL: will require construction of the electron
beam facility (indicated in RED) to collide with the RHIC blue beam at three interaction points.
Bottom: The schematic of the ELIC at JLab: will require construction of the ELIC complex
(red and black in the center) and its injector (shown in green, top right) next to the 12 GeV
CEBAF.

The physics-driven requirements on the EIC accelerator parameters and extreme de-293

mands on the kinematic coverage for measurements, makes integration of the detector into294

the accelerator a particularly challenging feature of the design. Lessons learned from past ex-295

perience at HERA have been considered while designing the EIC interaction region. Driven296

by the demand for high precision on particle detection and identification of final state par-297

ticles in both e-p and e-A programs, modern particle detector systems will be at the heart298

of the EIC. In order to keep the detector costs manageable, R&D e�orts are under way299

on various novel ideas for: compact (fiber sampling & crystal) calorimetry, tracking (NaI300

coated GEMs, GEM size & geometries), particle identification (compact DIRC, dual ra-301
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[ A. L. Deshpande, C. Marquet, 
A. Stasto, J.H. Lee, QM  2012 ]



One�new�possibility:
LHC�dump,�IR6

(IR7�and�IR3�to�be investigated)

U.I.	  Uggerhoj	  (University	  of	  Aarhus)	  @	  LBL	  (Berkeley)	  seminar	  (June	  2012)



S.	  Montesano	  (CERN	  -‐	  EN/STI)	  @	  ECT*	  Trento	  workshop,	  Physics	  at	  AFTER	  using	  the	  LHC	  beams	  (Feb.	  2013)

Simone Montesano - February 11th, 2013 - Physics at AFTER using the LHC beams

Crystal resistance to irradiation

30

NA48 - Biino et al, CERN-SL-96-30-EA
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• IHEP U-70 (Biryukov et al, NIMB 234, 23-30):

• 70 GeV protons, 50 ms spills of 1014 protons every 9.6 s,
several minutes irradiation

• equivalent to 2 nominal LHC bunches for 500 turns every 10 s

• 5 mm silicon crystal, channeling efficiency unchanged

• SPS North Area - NA48 (Biino et al, CERN-SL-96-30-EA):

• 450 GeV protons, 2.4 s spill of 5 x 1012 protons every 14.4 s, one year 
irradiation, 2.4 x 1020 protons/cm2 in total,

• equivalent to several year of operation for a primary collimator in LHC

• 10 x 50 x 0.9 mm3 silicon crystal, 0.8 x 0.3 mm2 area irradiated, channeling 
efficiency reduced by 30%.

• HRMT16-UA9CRY (HiRadMat facility, November 2012):

• 440 GeV protons, up to 288 bunches in 7.2 μs, 1.1 x 1011 protons per bunch 
(3 x 1013 protons in total)

• energy deposition comparable to an asynchronous beam dump in LHC

• 3 mm long silicon crystal, no damage to the crystal after accurate visual 
inspection, more tests planned to assess possible crystal lattice damage

• accurate FLUKA simulation of energy deposition and residual dose

ECT* 

Trento



Luminosities using :
7 TeV proton beam

pp, pd, pA √s = 115 GeV
2.76 TeV lead beam

Pbp, Pbd, PbA √s = 72 GeV

Instantaneous luminosity :
L = Nbeam x Ntarget = Nbeam x ( ρ . e . NA ) with e = target thickness

Planned luminosity for PHENIX :

• @ 200 GeV run14pp 12 pb−1, run14dAu 0.15 pb−1

• @ 200 GeV run15AuAu 2.8 pb−1 ( 0.13 nb−1 @ 62 GeV)

Nominal LHC luminosity PbPb 0.5 nb−1

extracted beam Nbeam = 5 .108 p+/s
9 months running / year ⇔107 s

extracted beam Nbeam = 2 .105 Pb/s
1 month running / year ⇔ 106 s

30

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 ]



Andry Rakotozafindrabe (CEA Saclay) 31

• unknown distribution of linearly polarised 
gluons in unpolarised N

• tool to determine if Higgs is a scalar or 
pseudo-scalar boson

• can be accessed by modulations of the 
transverse-momentum distribution of JPC = 0±+ 
quarkonia (ηc , ηb , 𝝌c0 , 𝝌b0)

AFTER : large quarkonium yields + modern 
calorimetry (𝝌Q detection)

p−pGluon momentum tomography − Boer-Mulders

kT

unpol. N.
kT

− Boer-Mulders function :
Correlation between gluon kT and gluon transverse spin

[ Boer, Pisano, PRD 86 (2012) 
094007 ]

double-node structure (unknown magnitude) and sign 
difference between scalar and pseudo-scalar

[ Boer et al, PRL 108 (2012) 032002  ]
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Gluon : proton vs neutron ?

µ = 100 GeV

gluon PDF 
uncertainty

gluon PDF experimentally unknown for neutron
exp. probes :
‣ heavy quarkonia
‣ isolated photons
‣ high pT jets 

p−p p−d

p−n

?
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Gluon : proton vs neutron ?

µ = 100 GeV

gluon PDF 
uncertainty

gluon PDF experimentally unknown for neutron
exp. probes :
‣ heavy quarkonia
‣ isolated photons
‣ high pT jets 

p−p p−d

p−n

?
Pioneering measurement by E866 @ Fermilab :
‣ using ϒ
‣ at Q2 ~ 100 GeV2 similar gluon distribution in 

proton and neutron
could be extended using J/ψ :
‣ to (~10x) lower x
‣ to lower Q2

Need high luminosity.

[ E866, PRL 100 (2008) 062301 ]
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p−n

?
Pioneering measurement by E866 @ Fermilab :
‣ using ϒ
‣ at Q2 ~ 100 GeV2 similar gluon distribution in 

proton and neutron
could be extended using J/ψ :
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Need high luminosity.

[ E866, PRL 100 (2008) 062301 ]

target
yearly 

lumi(fb-1)

1 m Liq. H2 20 4.0 108 8.0 105

1 m Lid. D2 24 9.6 108 1.9 106

Bll
dNJ/ 

dy

����
y=0

Bll
dN⌥

dy

����
y=0

[ Lansberg et al., FBS 53 (2012) 11]
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Gluon : proton vs neutron ?

µ = 100 GeV

gluon PDF 
uncertainty

gluon PDF experimentally unknown for neutron
exp. probes :
‣ heavy quarkonia
‣ isolated photons
‣ high pT jets 

High energy + deuteron target : 
rare opportunity, feasible in AFTER

p−p p−d

p−n

?
Pioneering measurement by E866 @ Fermilab :
‣ using ϒ
‣ at Q2 ~ 100 GeV2 similar gluon distribution in 

proton and neutron
could be extended using J/ψ :
‣ to (~10x) lower x
‣ to lower Q2

Need high luminosity.

[ E866, PRL 100 (2008) 062301 ]

target
yearly 

lumi(fb-1)

1 m Liq. H2 20 4.0 108 8.0 105

1 m Lid. D2 24 9.6 108 1.9 106

Bll
dNJ/ 

dy

����
y=0

Bll
dN⌥

dy

����
y=0

[ Lansberg et al., FBS 53 (2012) 11]



Andry Rakotozafindrabe (CEA Saclay) 33

Gluon nPDF
p−A

Pb−p

• A dependence thanks to target versatility

[ PHENIX, arXiv:1204.0777 ]

<Ncoll> dependence ➾ A dependence (à la NA50, NA60)
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Gluon nPDF
p−A

Pb−p

• A dependence thanks to target versatility

• nuclear PDF from intermediate to high x : 
antishadowing , EMC region , Fermi motion 

• extraction using quarkonia, isolated 
photons, photon-jet correlation

nuclear modification of g PDF in Au

y
-2 -1 0 1 2

dA
u

R
0.2

0.4

0.6

0.8

1

1.2

1.4 data
 7.8% global err.±PHENIX 

STAR prelim. 

EPS09 LO
quark-like EMC
min. EMC
max. EMC

[ E.G. Ferreiro et al., arXiv:1110.5047 ]

ϒ in dAu @ 200 GeV, 
STAR and PHENIX



Andry Rakotozafindrabe (CEA Saclay) 33

Gluon nPDF
p−A

Pb−p

• A dependence thanks to target versatility

• nuclear PDF from intermediate to high x : 
antishadowing , EMC region , Fermi motion 

• extraction using quarkonia, isolated 
photons, photon-jet correlation

nuclear modification of g PDF in Au

nuclear modification of g PDF in Pb

with the 
LHeC inputs

[ LHeC CDR, J. Phys. G 39 (2012) 075001 ]

complementary with LHeC (focus 
at low x) and EIC (intermediate x)



First systematic access to the target-rapidity region, down to xF → -1
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Precision studies of the 
nuclear matter : 

p−AThe uncharted negative xF regionThe target rapidity region: the uncharted territory

First systematic access to the target-rapidity region
(xF !�1)

F
x

-0.4 -0.2 0 0.2 0.4 0.6 0.8

α

0.75

0.8

0.85

0.9

0.95

1

1.05

1.1
HERAB 920 GeV

E866 800 GeV

NA50 450 GeV

NA60 400 GeV

NA3 200 GeV

NA60 158 GeV

J/y suppression in pA collisions

xF

�1 �.8 �.6 �.4 �.2 0 +.2 +.4 +.6 +.8 +1

Phenix@RHIC

?
xF systematically studied at fixed target experiments up to +1
Hera-B was the only one to really explore xF < 0, up to -0.3
PHENIX @ RHIC: �0.1 < xF < 0.1 [ could be wider with ⌥, but low stat.]
CMS/ATLAS: |xF |< 5 ·10�3; LHCb: 5 ·10�3 < xF < 4 ·10�2

If we measure ⌥(bb̄) at ycms '�2.5 ) xF ' 2m⌥p
s sinh(ycms)'�1

J.P. Lansberg (IPNO, Paris-Sud U.) Key figures for AFTER February 3, 2013 4 / 17

J/ψ suppression in pA
• HeraB down to xF = -0.3

• PHENIX @ RHIC :  

|xF| < 0.1 

(could be wider with ϒ, 
but low stat.)

• CMS/ATLAS : |xF| < 5.10-3

• LHCb : 5.10-3 < xF < 4.10-2
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J.P.	  Lansberg	  @	  Joint	  LUA9-‐AFTER	  mee]ng,	  Nov.	  2013

Joint 

meeting


