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- Expected luminosities

- Quarkonium case: yields and first studies
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Physics opportunities of A Fixed-Target ExpeRiment (AFTER) @LHC

Idea: use LHC beams on fixed target
7 TeV proton beam (Vs ~115 GeV)
 ptH, ptA

2.76 TeV Pb beam (Vsnx ~72 GeV)
 Pb+A, Pb+H

High boost and luminosity give access to
the QCD at large x = [0.3-1]

Nucleon partonic structure
Spin physics

Nuclear shadowing

Quark Gluon Plasma

W/Z production near threshold
Other ?

Multi-purpose experiment
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Abstract

We outline the many physics opportunitics offiered by 2 multi-purpose fived-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, ono can analyze pp. pd and pA collisions at conter-of-mass
enorgy vave = 115 GeV and even higher using the Fermi motion of the nucleons in a nuckar target In a lead run with a 2.76 ToV-
per-nuck on beam, /3yy 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 reaches 0.5 fb! on a typical | cm-long tarpet without nuclear species limitation. We emphasize that such an extraction mode
does not alter the porformance of the collider experiments at the LHC. By instrumenting the targot-rapidity region, gluon and heavy-quark
distributions of the proton and the noutron can be acoossed at large x and oven at x larger than unity in the nuclkar case. Singlk diffractive
physics and, for the first time, the large negative-x, domain can be acoessed. The nuckar tarpget-species versatility provides a unique
opportunity to study nuclear matter versus the featunss of the bot and dense matter formed in heavy-ion collisions, including the formation
of the quark-gluon plasma, which can be studied in F5A collisions over the full range of target-rapidity domain with 2 large vanety of nucki
The polarization of hydrogen and nucloar tarpets allows an ambitious spin program, including measuroments of the QCD lonsing effects
which underlic the Sivers single-spin asymmetry, the study of transversity distributions and passibly of polariard parton distributions. We
also emphasia the potential offored by pA ultra-peripheral collisions whes the nucleus tarpet A is used as a coberent photon souras,
mimicking photoproduction procosses in ep collisions. Finally, we note that W and Z bosons can be produced and dotected in a fixed-tarpet
exporiment and in their threshold domain for the finst time, providing now ways to probe the partonic contont of the proton and the nucleus.

Keywards: LHC beam, fived-target experiment

Contents o s It P DR e R s W S o o 8
521 Isolaed photons and photon-jet
1 Introduction 2 CIEBIENONE - b e A 8
5.22 Pwecision quarkonium and heavy-
2 Key numbers and features flavour studies . . . . ... .... )
5.3 Color filiering, energy loss, Sudakov sup-
3 Nacleon par'tonin: -~ :f pession and hadron break-up in the nuckeus 8
FLDEE-YERES oot Tl o e e oy i 1 3
32 Gluonsinthe protonatlargex . ... ... 4 6 Deconfinement in heavy ion collisions 9
321 Quarkomia.............. < 6.1 Quarkonium studies . . . . .. ... .... 9
322 ets .. ............... 5 G2 Ietomnching - 55 i i 10
323 Dimctfisolatedphotons . . .. ... 5 63 DimcEpholm). - = o o e 10
3.3 Gluons in the deuteron and in the neutron . 5 6.4 Deconfinement and the target rest frame . . 10
34 Charm and bottom in the proton . . . . .. 5 6.5 Nuckar-matterbaseline . . . . ... .. .. 10
341 Open-cham production . . . . .. 6
342 J/¢ + D meson production . . . . . 6 7 W and Z boson production in pp. pd and pA col-
343 Heavy-quarkplusphoton . . . . . . 6 lisions 10
7.1 FirstmeasurementsinpA . . . ... . ... 10
4 Spin physics 6 7.2 W/Zproductioninppandpd . . . . .. .. I
41 Transverse SSAandDY . .. ....... 6
42  Quarkonium and heavy-quark transverse SSA 7 8 Exclusive. semi-exclusive and backward reac-
43 Transverse SSAandphoton . . . . .. ... 7 tions 1
44 Spin Asymmetries with a final state polar- 8.1 Ultra-peripheral collisions . . ... . ... I
o T R I TN Sk A L 7 8.2 Hard diffractive reactions . . . ... .. .. 1
8.3 Heavy-hadron (diffractive) production at
5 Nuclear matter 7 T s e P I SR e I
5.1 QuarknPDF:Drell-YaninpA andPbp. .. 8 84 Verybackwardphysics . . ......... 12

Pregrine subsmined 1o ArXiv: SAC-PUR 18575 Marck ), 2002

AP

INSTITUT D PHYSIQUE NUCLEARE
ORSAY

Cynthia Hadjidakis ~ Les Houches

January 132014



Proton structure: our current knowledge

NNPDF2.1 NNLO dataset

NNPDF, Nucl.Phys. B855 (2012)
153-221, arXiv:1107.2652
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Proton structure: our current knowledge

NNPDF2.1 NNLO, Q% = 2 GeV?

NNPDF, Nucl.Phys. B855 (2012)
153-221, arXiv:1107.2652

25
Deep inelastic scattering (ep), - .’;2;52
Drell-Yan/Jet/Isolated photon/W/Z o x-?-
in hadronic c.ollisions (pp): fixed- - xVS
target or collider HA

e xs”
High-x pdfs: few data available XS’
(DIS) and mostly sensitive to 1ff N
valence-quarks - I

0.5 %
Sea and gluon pdfs at large x il m :
extracted from DGLAP evolution T |
equation — large uncertainty also o —
for large scale . | | |

. 10™ 107 107 10
What about x = 0.3 - 1 in proton, X
neutron and nuclear matter? >
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Gluon distribution 1n the nucleon at large x

2,0 1 I IllIllI 1 L IIIIIII 1 L)

Gluon distribution function in the
proton: very large uncertainty at large x
also at large Q

gluon (u = 100 GeV)

gluon Egcertainty
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Gluon distribution 1n the nucleon at large x

Gluon distribution function in the

2,0 1 I IllTlll 1 L IIIIIII 1 L)

proton: very large uncertainty at large x gluon (u = 100 GeV)
also at large Q
>
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Gluon distribution 1n the nucleon at large x

Gluon distribution function in the
proton: very large uncertainty at large x
also at large Q

Unknown for the neutron

Experimental probes @ AFTER

— Quarkonia

— Isolated photons
— High prjets (pr > 20 GeV/c)

— to access target x, = 0.3 - 1 (>1 Fermi
motion in nucleus)

Target versatility

— Hydrogen

— Deuteron (neutron)

o(p+d)/20(p+p)

© o © - o

O
o
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on uncertainty
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E866,Phys.Rev.Lett., 100, 062301 (2008)
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Heavy-quark distribution at large x

Pumplin et al. Phys.Rev. D75 (2007)
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Heavy-quark distribution at large x

Pumplin et al. Phys.Rev. D75 (2007)
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Boer-Mulders effect

Parton distribution functions pdfs (x, Q%) — 0.8 Blolerl cfzzldllfzfaqu) Phy SlRev D8l6(2012)l 094007
(x,kt,Q?): 3D or Transverse Momentum
Dependent (TMD) pdfs 07 | °’-._.1/ c *do/ dqz _
. XO ............
Boer-Mulders effect: correlation between the 06 L ( ple_ 0) %> i
parton kr and its spin (in an unpolarized _ 1 B
nucleon) 05 MlQ - ==~
@ ] @ 041 //"-.\\\ |
- / AN -
03+ /NN (PR =1Gev? -
Double-node structure of transverse-momentum L/ S\
distributions predicted for scalar and pseudoscalar 02 [ N :
quarkonia — give access to the Boer-Mulders . .
TMD pdf for gluons 0.1 % -
O 1 1 ] 1 |
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Boer-Mulders effect

Parton distribution functions pdfs (x, Q%) — 0.8 Blolerl ‘fnldll')lfaﬁlo Phy SlRev D8l6(2012)l 094007
(x,kt,Q?): 3D or Transverse Momentum
Dependent (TMD) pdfs 07 L "-._‘1/ c *do/ dq2 1
- XO ............
Boer-Mulders effect: correlation between the 06 L ( e _ 0) %o i
parton kr and its spin (in an unpolarized _ 1 B
nucleon) 05 g ~——~
@ ] @ 041 //"-.\\\ |
- / AN -
03+ /NN (pE)=1GeV? -
Double-node structure of transverse-momentum L ¢ e\
distributions predicted for scalar and pseudoscalar 02 [ N -
quarkonia — give access to the Boer-Mulders . ' |
TMD pdf for gluons 01 - % -
O 1 1 ] 1 |

* Experimental probes @ AFTER qr (GeV)
- scalar and pseudoscalar quarkonia: %o, Yo, Ne,
N (PID and modern calorimetry)
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Sivers effect with a transversaly polarized target

Sivers effect in a transversaly polarized
nucleon: correlation between the parton kr and
the proton spin

D@

Polarizing the target: measuring asymmetry to
access the 3D or Transverse Momentum
Dependent (TMD) pdfs.

‘di PN Cynthia Hadjidakis ~ Les Houches  January 13%2014 7
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Sivers effect with a transversaly polarized target

Sivers effect in a transversaly polarized
nucleon: correlation between the parton kr and
the proton spin

D@

Polarizing the target: measuring asymmetry to
access the 3D or Transverse Momentum
Dependent (TMD) pdfs.

e Experimental probes @ AFTER

- Drell-Yan — quark Sivers effect

- Quarkonia, Open Charm and Beauty (B and D
mesons), 1solated y and y-jet — gluon Sivers
effect

e Asymmetries > 5% predicted in Drell-Yan
for the target-rapidity region (xr = Xpeam - Xtarger
< 0) where the kr-spin correlation 1s the
largest

.J‘PN Cynthia Hadjidakis ~ Les Houches  January 13%2014 7
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Sivers effect with a transversaly polarized target

Sivers effect in a transversaly polarized

nucleon: correlation between the parton kr and b
the proton spin

M. Anselmino Trento 2013

AFTER pp! 115 GeV
@ @ 0-05"'l"'l"'l"'l"'l"'

Polarizing the target: measuring asymmetry to 0 T T ]
access the 3D or Transverse Momentum i
Dependent (TMD) pdfs. &
£ -0.05 -
=
- !
<

e Experimental probes @ AFTER
- Drell-Yan — quark Sivers effect 0.1 i
- Quarkonia, Open Charm and Beauty (B and D

: . . : Drell-Yan
2}?28:15)’ isolated y and y-jet — gluon Sivers [ A<M<9 GeV

PR U S I S S S R

-015 - I B "
e Asymmetries > 5% predicted in Drell-Yan 06 -04 -02 0 02 04 06
for the target-rapidity region (xr = Xpeam - Xtarger

X
F
< 0) where the kr-spin correlation 1s the
largest

see also T. Liu and B.Q. Ma Eur.Phys.J. C72
(2012) 2037
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Gluon distribution 1n nucleus at large x

LHeC CDR J. Phys. G 39 (2012) 075001

— l |

Large uncertainty in nuclei at large x C :'> 1.4
S 1.2
A 1.0
* Experimental probes @ AFTER T 0.8
— Quarkonia rlQ’ 06
— Isolated photons 2 o
— High prjets (pr > 20 GeV/c) — 0.4

— to access target x; = 0.3 - 1 (>1 Fermi = &b -
motion in nucleus) S 0.2
0.0

* Target versatility l 0-4 l 0-3 1 0-2 l O-l l

— Probing the A-dependence of shadowing
and nuclear matter effects £
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W, Z production in the threshold region

With high luminosity fixed-target experiment, W and Z production accessible
Unique opportunity to study the W and Z production near threshold (@ AFTER
Very large x partons in the nucleon/nucleus target probed

Large NLO and NNLO corrections: QCD laboratory near threshold at large scale

If W’/Z’ exists, similar threshold corrections than W and Z

.J‘ PN Cynthia Hadjidakis ~ Les Houches  January 13%2014
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Quark Gluon Plasma

In nucleus-nucleus collisions at high ultra-

relativistic energy — Quark Gluon Plasma
(QGP) formation

RHIC energy scan shows suppression of
particles at Vsnn = 39, 62, 200 GeV (n°, J/'P, ...)
but low statistics for Vsnn < 200 GeV and
scarse / no pp and pA reference

Cold Nuclear Matter (1. not Hot from QGP)

measured in pA PHENIX, Phys.Rev. C86 (2012) 064901, arXiv
16 1208:2251
r . R,..(200 GeV) PRC 84, 054912 (2011)
= Global sys.=+9.2%
1.4 - o R,,(62.4 GeV) = PHENIX data/our estimate
Global sys.= + 29.4%
1.2 N R,.(39 GeV) = PHENIX data/FNAL data
Global sys.= + 19%
1
<<
<08 Jy - uu,1.2<lyl<2.2
oc T
0.6 % @
0.4 @
- ; B']E (] g
o (1]
0.2 [] @ ]
0 _l L1 1 I L1 11 I L1 1 1 I L1 1 1 I L1 11 I L1 1 1 I L1 1 1 I L1 11
0 50 100 150 200 250 300 350,, 400
Npart
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Quark Gluon Plasma

In nucleus-nucleus collisions at high ultra-

relativistic energy — Quark Gluon Plasma
(QGP) formation

RHIC energy scan shows suppression of

particles at Vsnn = 39, 62, 200 GeV (n°, J/'P, ...)
but low statistics for Vsnn < 200 GeV and
scarse / no pp and pA reference

Cold Nuclear Matter (1. not Hot from QGP)

measured 1in pA PHENIX, Phys.Rev. C86 (2012) 064901, arXiv

16 1208:2251

r - R,.(200 GeV) PRC 84, 054912 (2011)
. = Global sys.=+9.2%
 Experimental probes @ AFTER \s = 72 GeV 1.4¢ o R,,(62.4 GeV) = PHENIX data/our estimate
k c Global sys.= + 29.4%
- Quarkonia 1.2 A R,,(39 GeV) = PHENIX data/FNAL data
- Jets Global sys.= + 19%
- Low mass lepton pairs L
- ... :tto.g Jy - up, 1.2<lyl <2.2
oc
0.6

* Target versatility
- In PbA, different nuclei: A-dependent studies 0.4
- In pA, precise estimate of Cold Nuclear effects

%@@ g :

0.2 U @[ﬂ

T I T I T TT I T

T

lIIIIlIIIIllIIIIlIIIIllIIIIlIIIIlIIIII

50 100 150 200 250 300 350,, 400
Noart

oO

J‘PN Cynthia Hadjidakis Les Houches  January 1312014 10

INSTITUT DE PHYSIQUE NUCL
ORSAY



Y sequential melting in QGP

Y Suppression
2 g
-
E Y(3S) 1 L
2 ! 2P !
3 ; ’:‘b( ) Yos)
E o - w(1P) Y(IS)
s o o ‘
£(39) £(2P) £(25) £(1P) £ (15)

Energy Density

Bottomonium family: five states, detection of the
three Y states separately (good resolution needed) to
probe the bottomonium sequential suppression

See Jean-Philippe's talk on friday

—
N
3

T T

1 GeV/ic?)

—

Events /(0

8

8

(o]
3
T -
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8
1 &

CMS, PRL 109 (2012) 222301

-

i CMSPOPb |5, =276 TeV ~_
: Cent. 0-100%, lyl <2.4

L= 150ub" -
P, > 4 GeVic ]

| \ \

e (data i
total PbPb fit ]
background

-+ pp shape -
(RM scaled) -

10 11 12 13 14

Mass(uty) [GeV/c?]
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Y sequential melting in QGP

Y Survival Probability

Y Suppression
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--———--§ LB
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CMS, PRL 109 (2012) 222301
: - T T 177 | L T | T T 1 l L ! T T 1T 1 1 T LENE 2NN B -
§>1200_— CMS PoPb s, =2.76 TeV ~_
3 Cent. 0-100%, lyl <2.4 1
1000~ : Ly=150ub" -
‘: - ﬂ; > 4 GeV/c :
w ¥
.qa) 800_— —_
> L e data -
(18} ,
600+ total PbPb fit ]
i backaround ]

RHIC, OM 2012
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Y 2
b Au+Au\ s,,= 200 GeV
vw(1P) Y(1S) P s y
| b ®  PHENIX MB 1 (18+28+38) we'e K STAR 1'(15+28+38) »e'e
I =316 B PHENIX pep Stat. Unc. B STAR p+p Stat. Unc.
I x 14 B PHENIX pep Sys. Unc. B S7AR p+p Sys. Unc.
l 1.2 PHIVE NIX STAR preliminary
€(3S) €(2P) €(25) €(1P) € (1) 1 prefminany
Energy Density 0.8
0.6 +
0.4 +
Bottomonium family: five states, detection of the 0.2
three Y states separately (good resolution needed) to 0 ~50~"700 450 200 250 300 350 400 450
y
probe the bottomonium sequential suppression .
See Jean-Philippe's talk on friday
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Luminosities in pH, pA, PbH and PbA
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A possibility for proton and lead beam extraction at the LHC

E. Uggerhoj and U.I Uggerhoj NIMB 234 (2005) 34
Continuous extraction in the beam dump line

IP6 , Dump
QB QB | , ‘) /
Septum
Diluter
COS _ , MsSD __L
L === o |
{ 1 e >
1[ ‘ L - hds&r o __III F— |
B \‘_—?I;_';I_‘:_' ‘ AS u;n “.Dlulef g2 L
| NGO . TCOS
/I '/ \
‘; " | \". \
| \\
| E\HR
\'._‘ ‘-\\ l I L ] ] ‘ \“-.l \“‘
750m 300 200 100 100 200 300 VA 750m

e Proton beam extraction

e Proposal for the insertion of a bent - Single- or multi pass extraction efficiency of 50%
CI'YStal in the LHC beam - Nbeam loss LHC ~ 107 p/S — Nextracted beam = 3 108 p/s
- Bent, single crystal of Si or Ge - 17cm long - .Extr.emely small emittance: beam size in the extraction
crystal direction) 950 m after the extraction ~ 0.3 mm

- MKD kicker section at ~200 m from IP6

- Deflection angle = 0.257 mrad (~7 T.m
equivalent magnet)

- Distance of 7 ¢ to the beam to intercept and

e Jon beam extraction
- Tons extraction tested at SPS, is expected to be also

deflect the beam halo possible at LHC but needs more study
W lees i e LRI Besrn - May require bent diamonds (highly resistant to
- Bent crystal acts as a beam collimator radiations) P. Ballin et al, NIMB 267 (2009) 2952

See Andry s talk
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Luminosities in pH and pA @ 115 GeV

Intensity: Npeam = 5.108 protons.s-! * Instantaneous Luminosity

Beam: 2808 bunches of 1.15x10!1p =3.2x10“p L =Npeam X Nyarget = Npeam X (P X € X N, )/A
Bunch: Each bunch passes IP at the rate: ~11 kHz — Nyea= X 108 p*/s

[nstantaneous extraction: IP sees 2808 x 11000~3.107 — e (target thickness) = 1 cm

bunches passing every second — extract ~16 protons

in each bunch at each pass . TIntegrated luminosity

Integrated extraction: Over a 10h run: extract ~5.6% of :
— 9 months running/year

the protons stored in the beam

— 1 year~107s
Target p A L | L

(1 cm thick) (gcm™) wb'shy (b lyrh
solid H 0.088 | 26 260
liquid H 0.068 | 20 200
liquid D 0.16 2 24 240
Be 1.85 9 62 620
Cu 8.96 64 42 420
A\ 19.1 185 31 310
Pb 11.35 207 16 160

= Large luminosity in pH(A) ranging from 0.1 and 0.6 fb-! for a 1 cm thick target
= Larger luminosity with 50 cm or 1 m H2 or D2 target
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Luminosities in PbA @ 72 GeV

* Intensity: Npeam = 2.10° Pb.s! ¢ Instantaneous Luminosity
— Beam: 592 bunches of 7x107ions = 4.1x10'%ions L =Nyeam X Nrarget = Npeam X (P X € X N )/A
— Bunch: Each bunch passes IP at the rate ~ 11 kHz — Nyeam=2 x 10° Pb/s

— Instantaneous extraction: IP sees 592 x 11000~6.5.10° — e (target thickness) = 1 cm

bunches passing every second — extract ~0.03 1ons in

each bunch at each pass » Integrated luminosity
— Integrated extraction: Over a 10h run: extract ~15% of — 1 months running/year
the ions stored in the beam — 1 year~ 10°s
Target p A L | L
(I cm thick) (gecm™) (mb~'s") (nb~'yr )
solid H 0.088 | 11 11
liquid H 0.068 | 8 8
liquid D 0.16 2 10 10
Be 1.85 9 25 25
Cu 8.96 64 17 17
' 19.1 185 13 13
Pb 11.35 207 7 7

= AFTER provides a good luminosity to study QGP related measurements
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Polarizing the hydrogen target

e Instantaneous Luminosity

L= Nbeam 8 NTarget - Nbeam i (p XeXx NA)/A
— Nyeam=2 X 108 p*/s xp! range corresponds to Drell-Yan measurements
— e (target thickness) = 50 cm
Experiment particles energy /5 X, L
(GeV) _(GeV) (nb_’s”)

"COMPASS ~+p' 160 174 0203 2
COMPASS =*+p' 160 17.4 ~0.05 2
(low mass)

RHIC p'+p collider 500 0.05:0.1 02
J-PARC p+p 50 10 05+09 1000
PANDA p+p' 15 55 0204 02
(low mass)

PAX p'+p collider 14 0.1+09 0.002
NICA p'+p collider 20 0.1+0.8 0.001
RHIC p'+p 250 22 0205 2

Int. Target |

RHIC p'+p 250 22 02+05 60
Int. Target 2

= AFTER provides a good luminosity to study target spin related measurements
= Complementary x, range with other spin physics experiments

‘di PN Cynthia Hadjidakis ~ Les Houches  January 13%2014 16

INSTITUT D PHYSIQUE NUCLEARE
ORSAY



Quarkonium case: annual yields
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Quarkonium cross-sections at AFTER energy

— 1 TTTTT [{ | IR I| | I_){
3 IR LR L 7//—/—
J/y total cross section 107 = y+r'+) /j/ -
A4 C S/ ]
E\ U E C : S ]
o L T‘/ -
% / B }'l/‘ —
£ —~ 2 _J
= 2 107 = ¥ —
= ~ - Vo .
< o T ]
= 4 - g i
1 C! 1
30_ b.)_ 101 - 4's -
© S : J[! -
X i L W STAR p+p 200 GeV
% i {% Preliminary |
0 /' NLQin CEM
10 E | Bodwin etal, hep-ph/0412158 =
- | MRSTHO, m=4.75, wm=1 =
— MRST HO, m=45, Wm;=2
2 B Fx,ﬁRET ,Ho,mfﬁ 0 N
J (GeV) GRV|98 HO, m=4.75, i/m+=1
10'1 . L 111 [‘ L1 [
10' 10° 10°
Vs (GeV)
Inclusive pp cross-sections Inclusive pp cross-sections
Budo/dyly=0 @ 115 GeV Bu do/dyly-0 @ 72 GeV
Jhy=20nb JAy=10nb
Y =40pb Y =15pb
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Quarkonium yields in pH and pA @ 115 GeV

In pp
= RHIC @ 200 GeV x 100 with 10 cm thick
H target . o ——
= Comparable to LHCb if 1m H target Target ldiL  B—7* e
= Detailed studies of quarkonium production ~ 10cmsolidH T 26 2100 1.0
(pt, ¥, polarization, different quarkonium 10 cm liquid H 2
states, ...) | 10cmliquid D 2.4

| | cm Be 0.62
In pA |l cm Cu 0.42
— RHIC @ 200 GeV x 100 with 1 cm Pb e s T T3
target | 0.05 3.6 107 1.8 10°
=> Detailed studies of cold nuclear matter pp low Pr LHC (14 TeV) 2 1.4 10° 79 106
effect in pA (pt, y, A, ...) pPb LHC (8.8 TeV) 10 -4 1.0 107 7.5 104

PP RHIC (200 GeV) 1.2 102 48 10° 1.2 10°

Geometrical Acceptance dAu RHIC (200 GeV) 1.5 10'4 2.4 10° 5.9 10°
Simulations using ALICE as a fixed target dAu RHIC (62 GeV) 3.810°° 1.2 10° 1.8 10'

experiment at LHC quotes a Geometrical
Acceptance of 8% for J/y (4 ) — utu (2.5<

y <4) using the Forward Muon Spectrometer

@ 115 GeV
Kurepin et al. Phys.Atom.Nucl. 74 (2011)

Luminosity per year in fb-!
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Quarkonium distributions 1n pp @ 115 GeV

Pythia 6.4.21:p (7 TeV) + p — JAp (1sub=86)

J/W— utu
[rapidity in CM|
gsoof ésoof—
u from J/ip for 1.3 < ynp <5.3 S -
400f 400
P, ~ 62 GeV n:
zoof 2002—
100 1005—
Y
longit. momentum | longit. momentum |
g [ < PL-10Gev o S
Longitudinal muon momentum A dn PL 2" € TmEobe PL
1.3< Viab < 3.3 202_ 120:—
pL(max) ~16 (50) GeV i 1.8 < y1ab < 2.8 e 2.8 < y1ab < 4.8
3.3 < y]ab < 4.3 15__ 80:—
pL (max)~ 45 (150) GeV ol 60
4.3 < Yiab <5.3 402_
pr (max)~ 120 (300) GeV S 5
i 20
[ nenndEninin aclinin niacllian o C
% sl ;L°° 036 "~26"" 6086 i00 " iZo 940 160 180 200
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Accessing the large x gluon pdf

PYTHIA simulation

o(y) / o(y=0.4)
statistics for one month

5% acceptance considered

Statistical relative uncertainty
Large statistics allow to access

very backward region

Gluon uncertainty from
MSTWPDF

- only for the gluon content of

the target
- assuming

x =M pw/\s e¥CM

g

J/¥Y
Yem~ 0 — x,=0.03
yCM ~ '3.6 — xg — 1

Y: larger x, for same ycm

Yem~ 0 — x,=0.08
Yem ~-24 —x, =1

0.4)

0.5

o(y) / o(y

E||

e J/¥Y— pu'uw - PYTHIA
pp at Vs = 115 GeV -
1 month o

5% acceptance

- W

l 1 l 1 1 1 1 l

14

1.2

Relative uncertainty

0.8

-

e MSTW gluon uncertainty

l L 1 L 1 l 1 L 1 L l

3 2 1 0
CM

= Backward measurements allow to access large x gluon pdf

Simulations needed !

.Jl PR Cynthia Hadjidakis
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Quarkonium yields in PbA @ 72 GeV

PbA
= Same statistics than RHIC @ 200 GeV

and LHC and 2 orders of magnitude larger
than RHIC @ 62 GeV

Target

10 cm solid H
10 cm liquid H
10 cm liquid D
| cm Be
| cm Cu
lemW
|l cm Pb

=> Detailed studies possible for

quarkonium states (y’, ¥c, A-
dependence, ...)

dAu RHIC (200 GeV)
dAu RHIC (62 GeV)
AuAu RHIC (200 GeV)
AuAu RHIC (62 GeV)
pPb LHC (8.8 TeV)
PbPb LHC (5.5 TeV)

. = .
.!dIL Bu=5" !y;o B,L
110 4310° .
83 3.4 10° .
100 8.010° 1.6 10°
25 9.110° 1.9 10°
17 4.3 108
13
7
150 4 10° .
3.8 1.2 10* 1.8 10!
2.8 4.4 10° 1.1 10*
0.13 4.0 10* 6.1 10
100 1.0 107 7.5 10%
0.5 7.3 106 3.6 10*

Luminosity per year in fb!
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Multiplicity in PbA

8 — PRL 93, 082301 (2004) PRC 74, 021901(R) (2006)
- /\ Fermilab | 14 AT ELK 500 r . . ; T T
7 C [1ISR (i‘)" All 200 Gev Mlnlmum Bias ] :Aul-o-Au 62.4 GeV St
—~ F OuAs ~ 12[ ks . 0 6-15%
5 - E V¥ Tevatron & ] - : - gy
g2 6F e ] N i 400 [ o 25-35%
= - [l NA49 ol/ ] = 10 - E & 35-45%
0 5 | @PHOBOS 2 E B ¢ ] 5 * 45-50%
o - A RHIC Average /& ] =>° 8:— —: = 300 @ Tracklets
4 wrREMX | = 1 3 | B e :
S : : 1 T 200f :
N3 E aL s E =
5 U e g . ] _ S
) 2 R P e . a2 - 100: ...................... 5]
I§ A0 a r ] E 2 2
! 3 i it fioy G of o B il g T 8 g S 2 ool oy oL 3
0 ™ - | ] 5 -4 -3 -2 41 ](?] 2.8 &5 -5 0 5
10 10° 10° i
V5 (GeV)
Charged particles per unit of rapidity: (x 1.5 = charged+neutral)
ptp @ 115 GeV ~ 2 d+Au @ 200 GeV : max ~11 AutAu @ 62.4 GeV : max ~ 450
— A highly granular detector is needed
Vertex ~ 450 part. Calo ~ 700 part.
700
Rma.x y<|0.5]  Rpin  Rpay Surface 1% ~ 4501 \ 700 \ ~14%
" 2 300 1 x 4
(cm) (cm)  (cm?) x(0.8x0.8 mm” | ( Ixlcm” ]
Vertex 1.5 10 ~ 300
0.1% ~ 450 700 ~3.7%
300 L) 4700x(— 1)
Calo 10 40 ~4700 0.25x0.25 mm* | 0. 5><0 Som’ ]

‘PN Cynthia Hadjidakis Les Houches  January 1312014 23

IISTIIU D( PHYSIOUE NUCLEAIE



Conclusion

e LHC proton and lead beams continuous extraction with bent crystal offers many
physics opportunities

e Large luminosities provide access to large and very large parton x measurements for
quarks and gluons: QCD laboratory at large x

e Fixed-target mode allows for target versatility: hydrogen, deuteron, nucleus (nuclear
effect and QGP), polarized target (spin physics)

e AFTER designed as a multi-purpose experiment

INSTITUT D PHYSIQUE NUCLEARE
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A

AFTER @ LHC

http://after.in2p3.1fr

M. Anselmino (Torino), R. Arnaldi (Torino), S.J. Brodsky (SLAC), V. Chambert (IPN), J.P.
Didelez (IPN), B. Genolin1 (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. Uggerhgj (Aarhus)

Looking for partners!

‘J‘PN Cynthia Hadjidakis ~ Les Houches  January 132014

25


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

Drell-Yan continuum

backward region
forward region

Xtarget
Xbeam

Xtarget — Xbeam

Xbeam
Xtarget

xg Kinematical limit for Drell-Yan at 7 TeV on fixed target

1

bR HA

xB kinematical limit
-t
(@)

k.
o
N
t IIIIH|

S LU
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Tentative design for AFTER
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Rapidity boost 1n a fixed target mode

* Very high boost:
— With 7 TeV beam

pseudo-rapidities in the Center-of-Mass System

A500k =4
v =s/(2my,) = 61.1 and yoms = 4.8 P |/ 0TV Ee Yems= 4.8
— With 2.76 TeV beam EAo R
v = 38.3 and ycms = 4.3 = = alls |

T

* NcMm = MNiab — Yems %m* e

forward region: ncv>0 ol _____ e
backward region: ncm<0 s W O i =0
ST T — 280 '''''' — 3oo ----- 200 500
_ 1 t n 6/2 longitudinal distance to the vertex (cm)
* n=-nta £ T 276Tev | 1
— 0 (ycm=0) ~ 0.9° (16 mrad) 5 IS n""‘—’":’4 =2 Yeus= 4.3

5400/ = e

— Yy (J/¥) ~ 4.8 = x,(J/¥) = 0.03 =L .
£ I s

— Yiap(Y) ~ 4.8 — x,(Y) = 0.08 2300 =28t - I‘,:i
§ W o

. Taking x, = M/\s eYCM s

— X2(J/\I]) — 1 —> ylab(J/\P) ~ 12 ‘-100; ,

—X(V) =1 >y (Y)~2.4 T e s o

o
* Very well placed to access i
backward physics
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A tentative design for AFTER

 Tentative design 1.3< Yiab < 53 pseudo-rapidities in the Center-of-Mass System TICN/I_ 3.5
— With 7 TeV beam : -3.5 <ycm <0.5 =600~ T T T e T T T T T e
— With 2.76 TeV beam: -3 <ycm <1 - 7TeVbeam ./ / -.n:f-g
— 0in = 10 mrad 500 ot T ON =i
| —n*=0
* Multi-purpose detector 400 Hcal =i "
* Vertex - =3
e Tracking (+ dipole magnet) 300 ===
e RICH
* Calorimetry 200
* Muons

—h
o
o

radial distance to the vertex (cm

e High boost — forward and as
compact as possible detector

200 400 600 800 1000
longitudinal distance to the vertex (cm)
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Detector dimension

1.3 <yiab <5.3 pseudo-rapidities in the Center-of-Mass System
Omin = 10 mrad

I | Il I | | | | 1 li i) | | ol |
T T T S B B T LT T T e T Ty T e S T LT T ToIeup: S <t SR PR By
' oo ' | ' ' Linabiand o ' o '
s Gt St TR EU EESE RS s aaeht SUTE SEDL ERRH TRS S RRPPRICER K ety SEERE
H + - . ".'.E: E. :_-U:
™ |

) 1 L _." 1 1 1 1 .
cemmpescespeccopalojecepecquayecccccccnnnnccegficqranancca--oc ol
] 1 ] ] [ 1

b
o
N

Vertex 55/65cm 0.5/12 cm

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

Tracker 102{#80 0.8/170 cm

RICH 30%:80 2.7/290 cm

EMCal 50%520 4.7/320 cm

.
-'.
' -’
.
-
=

—
o

..........

HCal 53%630 5.0/380 cm

Muons 642{:‘340 8/510 cm

radial distance to the vertex (cm)

g
[ S N AP 2 T

v .
[RPSPRRTY Jpe——Y

PLad |

i
o i 1
' .
° / '
.

o) B il

* Technology | 1071 A
- Vertex, tracker: pixel detectors 10

o L 10" 1
- Ultra-granular EMCal: Tungsten/Si (Calice - ILC) longitudinal d|s‘¥ance to the vertex (cm)
- Muons: Magnetize Fe (Minos)

3
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Detector dimension

1.3< Yiab <53
Omin = 10 mrad

Vertex 10/20cm 0.5/12 cm

Tracker 10(2¢n180 0.8/170 cm

RICH 302{;‘80 2.7/290 cm

EMCal 50%520 4.7/320 cm

HCal 53%‘?30 5.0/380 cm

Muons 642?}340 8/510 cm

* Technology

- Vertex, tracker: pixel detectors

- Ultra-granular EMCal: Tungsten/Si (Calice - ILC)

- Muons: Magnetize Fe (Minos)

pseudo-rapidities in the Center-of-Mass System

| | | | | | T T°T l - s
R I ot Wi e O DN s e e S SOl e RN S Tt T e e e e e o e R R
Al

-
] ) . s . . . . } ] - ] . ~ 1} . .
B e LT LT T LR —-—ge e R T L E EEE R EE TR Pre
. . . . . . . .

.

——

.

1 1 ! 1 ) 1 1 1 1 ! L) 1 1 - ) .
LR e R T R L e ceqee s nnnn s ngy st jenne s e e ol
1 ] ] ) ' 1 1 ' 1 ] ) ] 1 )

b
o
N

radial distance to the vertex (cm)
o

D o S ; P G

10-1 sy [ foorfeaet®S o ] i S R

02
longitudinal dis!ance to the vertex (cm)

—=n'=-41

= “ﬂ*='33
:: — n*=_2 2

- 1]*:-1 i

4—n*=0)

——n*=11

.= _n*=22

i =-=n"=

5 mm

3
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Longitudinal polarized target: helicity distr.

parton helicity distribution in a longitudinally polarized
nucleon:

Z 04 B A HERMES
< - O smc
- ~ 02 - B COMPASS
z
3
o
z
1=
o
— 0'1 - 1 T T 1 ! Il [T |
5 L
= | +
< i
~ 0 F Soon nan s st sl
I k
-0.1 :_ + A
—_ - 1 Lol 1 | 1 Lol !
7 : DSSV2008 ’=2.5 GeV?
< - T M =c. € A
~ 0.1 ... LSS2006
S AAC2008
0 .
1*1 I | l
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Longitudinal polarized target: helicity distr.

parton helicity distribution in a longitudinally polarized

nucleon:
;: 0.4 - A HERMES ;
< g O sMc L
- “oa kL M COMPASS A
0 PP T T ST LI g I —
z
3
”
2
1=
“
”
e Experimental probes @ AFTER
- W'~ — individual helicity distribution of
quark and anti-quark Z
/]
”~
— L.l I | | 1 L 1 L1l I
” -
2 [ = DSSV2008 w=2.5 GeV? |
» 0.1 - ___ LSS2006
F AAC2008
0 :-- =
- 1# 1 p ol |
10 10
X
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