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Overview

* Why extracting the LHC beams?
- The physics case of AFTER

* How to extract the LHC beams?
- Beam extraction with crystal

* Luminosities and yields
- Expected luminosities in pH, pA and PbA
- Yields 1n quarkonium production

* Tentative design for AFTER
- A forward experiment
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Physics opportunities of A Fixed-Target ExpeRiment (AFTER) @LHC

Physics Opportunities of a Fixed-Target Experiment using the LHC Beams
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* Idea: use LHC beams on fixed target

Abstract

- 7 TeV proton beam ('\/S Nl 1 5 GeV) We ostlime the many phyics opportunitios ofiered by 2 mull perpose fined tanget cxgeriment using the proton and lead oo boama of e

LHC extracted by 2 beat crystal. s a proten ren with 8 LHC 7-TeV beam, oo can asslyre pp, pd and pA collocoss ot contee-of -mass

° _|_H _|_A - coetgy yivw = 115 GeV and oven bigher using $¢ Formi motion of the suclkeoes i a nackar teget I 2 Jead run with 2 276 TeV

p 9 p per-nuckon beam, a0 is m bigh 23 72 GeV. Bemt crystals can be usod %o axtract shout S x 100 protoaysce; S integrated luminosity

over a year reachos (LS b ' an a typical | cm-long tarpet without neck ar specieos limitation. We emphasizo that such an ax raction mode

— 2 . 76 TeV Pb beam (A\/SNN N72 GeV) F‘ 4 docs not alter the ;xr‘.'nt-:.xxt‘ of the ;-,»llx;krn.p:r..m rts at the L3IC. By mran:r'.‘.ms the tepot capidity xg.im glur aad boavy quack
J - distnbutons of the proton and e nowron can be accossed at large x and even at x langer than usty in the nuck wr case. Sngle Afiracive

physics and, for the first timw, the lang negative.x, domain can be acoossed  The nech s et spucios venatility provides a unigee

° Pb+A Pb+H i Opporumity %0 stady nuchear matter versas e featunes of the hot and dense mater formed in heay y-ion colsions, inclading the formation

> - of the quark-gleon plasma, which can be stedied in PP collisions over the full range of target-rapidity domain with a lange vanety of seclei

~ e polarieation of hydrogen asd suciosr tangets allows an ambitioss spin program, inclodeg meawurements of the QUD lkensing offects

which underiee the Svars single-spin asymmenry. the study of tansversity distnbutions and possibly of polanaed parton distndubons. We
aho emphasix the potestial ofewd by pA ultra porpheral collisioon whes the sucloss tanget A s gsed @ 3 cobonat photon e
mimicking photoproduction processes in ep collisions. Firally, we note that W and /7 bososs can be produced and decected in a Sxed-target
exporiment and in their Srechold doman for the Snt time, providing now ways 1o peobe the partonic conont of $he proton and the necleus

* High boost and luminosity giving access
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Partonic structure of nucleon and nuclei

Deep Inelastic Scattering (DIS)
/ /

Nucleon constituents: quarks (u, d, s, ...)
and gluons

Deep 1nelastic scattering experiments
lp—1X
scale = Q: virtual photon energy

Drell-Yan
pp—1"I'X
scale = QO : 1" I invariant mass h
q(x, O?): parton distribution functions (pdfs) =
probability to find a parton in the nucleon with a .
longitudinal momentum fraction x at momentum pp— et
transfer O’ pp— W, Z
p p — Isolated photons

X = uark / Pnucleon

pawrc I With nuclei
pdfs for each partons u(x), d(x), ... in proton, [A—1 3( _
neutron and for different nuclei extracted from the pA—1"]

data
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Proton structure: our current knowledge

NNPDF Collaboration
NNPDF2.1 NNLO dataset arXiv:1107.2652
Deep inelastic scattering (ep), e T B —
hadronic collisions (pp): fixed- =B § ' -
. - : ¥, oy 7 v,
target or collider NG W I I R ,’é’i:,f,:; S
= | % CHORUS é" BRI
i ) o | ® FLH108 : . ‘,e:;o. 2 ¢ 0,
High-x pdfs: few data available o [|® nmvown . ¢f¢:.31r. é,}gg
. ;.____. x ZEUS'H2 B LLLTTTTRTTrrrewm *-, o~ s s, ‘O :"/, ; ‘\:__‘:‘
(DIS) and mostly sensitive to &5 10 E| % ZEusFac SOXNEY .;., x ;e»‘ R
et —| O H1F2C XX X X
valence-quarks ot || % ovesos ¥ 2
—~10° | + DvEsss
—| O CDFWASY ® 5
Sea and gluon pdfs at large x % = K i
extracted from DGLAP evolution  ‘@102& x corrext
. : = | % DOR2CON
equation — large uncertainty also = §
for large scale 10 =
1—' | 1 lllllli | 1 lllllll | 1 lllllli ] 1 lllllli 1 L L 11l
10° 10" 10° 102 10" 1
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Proton structure: our current knowledge

NNPDF Collaborati
NNPDF2.1 NNLO, @* =2 GeV2 | ooxiv 11072650
2.5

Deep 1nelastic scattering (ep), B -xZ/z
hadronic collisions (pp): fixed- ; Ixg/5
target or collider 2 2XT4

: Elxv

. . EA
High-x pdfs: few data available 1.5 x;,
(DIS) and mostly sensitive to oo
valence-quarks ; :
\“'\ o/

Sea and gluon pdfs at large x =
extracted from DGLAP evolution 0.5 il mﬂmﬂm _______ e
equation — large uncertainty also | *E“T:EE i S i e
for large scale e Sm—— —
Whataboutxzoo3_linproton’ _1[.4 1 1 1111111.3 1 ] 111111|2 1 ] 111111[1 ] L1 1 1111
neutron and nuclear matter (and 10 10 10 10

x > | for nuclear matter) ?
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Gluon distribution at large x

. . . . . 2,0 ] 1 IR A L 1 IR R | 1 l
Gluon distribution function in the | !

proton: very large uncertainty at large x
also at large Q

gluon (u = 100 GeV)

Unknown for the neutron

Large uncertainty in nuclei at large x

gluon ggcertainty
o

ot
\2

lllllllllllllllllllll

(e 1 1,

1 1 lllllll L 1 lllllll I Ll

10~ < 10— 1 100

[
N
o
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Gluon distribution at large x

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

Unknown for the neutron

Large uncertainty in nuclei at large x

2

EMC gluon: "min

max
EPS0SLO range

a
x 1.2 .
Dv ”t" ‘\\\\
o~
< - ,.r"
C LF"’

=7 GeV

central (quark-likg) e

dv‘ T T TR
OR3AT

Cynthia Hadjidakis ~ Saclay  June 22742012




Gluon distribution at large x

2

Gluon distribution function in the EMCgfuon . = ARSI T
proton: very large uncertainty at large x . S ot L O B
also at large Q central (quark-like) ‘
max
Unknown for the neutron 1 6 EPS0OSLO range
Large uncertainty in nuclei at large x
—_——
NO ~ . -
* Experimental probes @ AFTER >C<D 1 2 - :
— Quarkonia - ot T
f”, :
— Isolated photons < ™ | __\\ N |
— High prjets (pr > 20 GeV/c) - p §
— to access target xo =03 -1 (>1 0 8 M
Fermi motion in nucleus) ‘ B 3
» Target versatility Q=7 GeV )
— Hydrogen (a)
_ Deuteron (neutron) 0.4 A A A st aaaal A A AL AL A 11
— Nuclei )(B 0.1
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Heavy-quark distribution at large x

Intrinsic charm motivated by non
perturbative models of hadron structure

All different charm pdfs extraction in

agreement with DIS data

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

Pumplin et al. Phvs.Rev. D75 (2007)

c.os:]'lll L I 1] l 005- ll‘ I L} ] T T I.
Intrinsic charm motivated by non charm : charm
perturbative models of hadron structure 0.04 [~ e 0.04 1~ 7
ot DGLAP — BHPS
All different charm pdfs extraction in 3 003 4 SFERF e
agreement with DIS data SR e |
"/ 0.02 |+ = ﬂ.x: 0.02 = —
&3 ’
0.01 | Bt 8y, — 0.01
0 ;']l/l l | 1\ \\-‘5:\:::7.-\-‘?-&_ " i 00 .I L1 l 1 [ T— l 1 It i1 L3 TN
. 000" o102 w8 1 2 3 45878091 101010 0102 05 1 2 3 4 5870801
* Experimental probes @ AFTER X X
- Open charm (D meson or displaced- 0.08 e ]
vertex lepton) : e
- Open beauty R o %
[ Sea-Like
’:‘: 0.03 — =
A
wx 0.02 |~ —
0.01
000-. 1_1‘1 1* 1
10710 710
X
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Sivers effect

Polarizing the target: measuring
asymmetry to access the 3D or
Transverse Momentum Dependent

(TMD) pdfs.

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

Polarizing the target: measuring
asymmetry to access the 3D or

Transverse Momentum Dependent
(TMD) pdfs.

Sivers effect in a transversaly polarized
nucleon: correlation between the parton T. Liu and B.Q. Ma arXiv:1203.5579
kT and the proton spin

0.2
Vs =115 GeV
0.1- = 5
e Experimental probes @ AFTER - N Q o GeV
- Drell-Yan — quark Sivers effect 3 N\
- Quarkonia, Open Charm, Isolated photons, - —
photon-jet — gluon Sivers effect =
-0.14
e Large asymmetries (~20%) predicted in
Drell-Yan for the backward region (xr = Xpeam 02 .
- Xtarger < 0) -0.8 0.4 0.0 0.4 0.8

Xe

Fig. 20 The sin(2¢ — ¢s) azimuthal asymmetry A7 - depending
on xr of target proton polarized pp Drell-Yan process at Q = 5 GeV.
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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

Jl PN  cpnhiaHadjidakis  Saclay  June 2272012
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Quark Gluon Plasma

J. Phys. G: Nucl. Part. Phys. 38 124108

) S ™ 200 GeV Au+Au (2007), arXiv:1105.1966

In nucleus-nucleus collisions at high ultra-

relativistic energy — Quark Gluon Plasma 14 gobaleypeitoen
(QGP) formation 1.2 ®  \5,%624GeV Ausin (2010) R

global sys. = + 11.6%

Peripheral (60-86%) : <N”‘>- 143+16
RHI‘C energy scan shows suppression of N I PHENIX Preliminary
particles at Vsan = 32, 64, 200 GeV (n, J/ 0.8 I > uy, 1.2 <ly] < 2.2
P, ...) but low statistics for Vsan # 200 GeV o s II t

R

Cold Nuclear Matter (i.e not Hot from QGP) g | If ! i ¥
measured in dAu 0.2 B 1% 4 }

00 50 100 150 200 250 300 350 400

Nt

PHENIX Coll., PRL 107 (2011)

R,,,(0-100%)

0.7

0.6/

0.5 —e— Jiyat\ s =200 GeV o
Global Scale Uncertainty + 7.8%
0.4/ — EPS09 and 5, =4 mb

-

- = Gluon Saturation
- LB ETE
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Quark Gluon Plasma

J. Phys. G: Nucl. Part. Phys. 38 124108

® \ 5" 200 GeV Au+Au (2007), arXiv:1105.1966

relativistic energy — Quark Gluon Plasma 1.4 global sys. = + 19.6%

In nucleus-nucleus collisions at high ultra-

. Peripheral (60-93%) : <N >= 145127
(QGP) formation 1.2 ®  \By= 624 GeV AuvAu (2010)
g:?::::f:usosigs) <N_>e143+16
RHI.C energy scan shows suppression of N I PHENIX Preliminary
particles at Vsnn = 32, 64, 200 GeV (n°, J/ Sos IW > g, 1.2 <ly] < 2.2
¥, ...) but low statistics for Vsnn 2 200 GeV o o h i
R
Cold Nuclear Matter (i.e not Hot from QGP) ot | If ! i -
measured in dAu 0.2 ’ x 3 1
00 50 100 150 200 250 300 350 N 400
« Experimental probes @ AFTER \s = 72 GeV PHENIX Coll., PRL 107 (2011)
- Quarkonia g | |
- Jets g 5
- Low mass lepton pairs o 0]
= oo 08|
07|
* Target versatility ool

- In PbA, different nuclei: A-dependent studies

0.5 —e— Jiy at\ s, = 200 GeV

- In pA, precise estimate of Cold Nuclear effect 4 Giohial Seale DRcart TR
with pA collisions 041 —— EPS09 ando,, =4 mb
B Gluon Saturation
033 2 1 0 1 2
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LHC proton and 1on beam
extraction

T
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Strong crystalline fields in bent crystals

Strong electric fields in the lattice
nuclei of a crystal in the rest frame
of the crossing particles _>

In a bent crystal, guidance of
particles < bending strength as

for a magnetic dipole

Many experiments for proton beam
extraction and collimation using crystals:
e RD22 (@ CERN-SPS (1990-95)

e E853 (@ FNAL-Tevatron (1993-97)

e INTAS @ U70 IHEP (2001-03)

e RHIC (2001-05)

e Tevatron (2005-11)

e UA9 @ SPS (2008-...)
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Strong crystalline fields 1n bent crystals

Strong electric fields in the lattice
nuclei of a crystal in the rest frame
of the crossing particles

In a bent crystal, guidance of
particles < bending strength as

for a magnetic dipole

S

o
-J

vvvvvvvvvvvvvvvv

Many experiments for proton beam . '
extraction and collimation using crystals: T es, i I 7
e RD22 (@ CERN-SPS (1990-95) X o

e £E853 (@ FNAL-Tevatron (1993-97)
e INTAS @ U70 IHEP (2001-03)

e RHIC (2001-05)

e Tevatron (2005-11)

e UA9 @ SPS (2008-...)

o o

o o
P o
.

&

o 52

o
N
i

o
N &
A ' A A A 1

Deflection eficiency
o
w

o
6.
C

o
o

''''''''''

5 T M 1
0 2 4 8 8 10 12 4 16 8 20
Deflection angle [mrad]
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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

QB Q8B

. Y -

\ IL \ /A
|" — \

. - _— A -yt -
N > A \——— e
.." 2 )

\ N ) \ !

\\. ! 4‘\.\ /
AN A
,|- N \
)}
¥ Y
750m 300 200 100

e Proposal for the insertion of a bent

crystal in the LHC beam

- Bent, single crystal of S1 or Ge - 17cm long
crystal

- 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
deflect the beam halo

- No loss in the LHC beam

- Bent crystal acts as a beam collimator

4 Qs B QB Q 77| e [/

100 200 300 750m

e Proton beam extraction
- Single- or multi pass extraction efficiency of 50%

- Nbeam loss LHC ~ 10° p/ S — Nextracted beam = 5 108 p/ S
- Extremely small emittance: beam size in the extraction
direction) 950 m after the extraction ~ 0.3 mm

e Jon beam extraction

- Ions extraction tested at SPS, 1s expected to be also
possible at LHC but needs more study

- May require bent diamonds (highly resistant to

radiations) P. Ballin et al, NIMB 267 (2009) 2952

\J‘ PN Cynthia Hadjidakis Saclay  June 22"2012
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Next: beam bending experiment (@ LHC

l‘A g W. Scandale et al., JINST 6 T10002 (2011)
Gonio HBLM BLM
e H )Absorber [
| —>| |

l

U |
UMlcro RP U

e LHC Committee 14/10/2011 recommandation: beam bending
experiments using crystals at the LHC by LUA9 Collaboration

e Beam collimation (@ LHC: amorphous collimator: 0.2%
inefficiency @ 3.5 TeV — crystal (expected) inefficiency 0.02%)

e Tests at SPS 1n 2012 on proton and 1on beams for a LHC setup

e Long Shutdown 1 (2013): bent crystals in LHC

oaMr
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Luminosities in pH, pA, PbH and
PbA

oaMr
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Luminosities in pH and pA @ 115 GeV

Intensity: Npeam = 5.108 protons.s-! e 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

— lyear~107s
Target p A L | L

(1 cmthick) (g cm ™) (pb" s (pb‘l yr")
solid H 0.088 | 26 260
liquid H 0.068 l 20 200
liquid D 0.16 2 24 240
Be 1.85 9 62 620
Cu 8.96 64 42 420
) 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

\“ PN Cynthia Hadjidakis Saclay  June 22"2012 16
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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 1ons 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 l 11 11
liquid H 0.068 l 8 8
liquid D 0.16 2 10 10
Be 1.85 9 25 25
Cu 8.96 64 17 17
W 19.1 185 13 13
Pb 11.35 207 7 7

= AFTER provides a good luminosity to study QGP related measurements

\“ PN Cynthia Hadjidakis Saclay  June 22"2012 17
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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 /s X, L
(GeV) _(GeV) (b 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 0.2
J-PARC p+p 50 10 05+09 1000
PANDA p+p' 15 55 02+04 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 pl+p 250 22 02+05 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

\“ PN Cynthia Hadjidakis ~ Saclay  June 2272012 18
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Quarkonium case: annual yields

oeMr
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Quarkonium cross-sections

J/y total cross section

/

in2
U -
-

o(pN— J/y X) (nb/nucleon)

Inclusive pp cross-sections
Bido/dyly-0 @ 115 GeV

r I i R A | i Iv’I
103 £ '+ +" _’; —é
-— 2 —yf
o ¥ z
o C ]
1§ L . ]
B | ’i/ -
= 40l t _
_8 10 E i =
* L L W $STAR p+p 200 GeV |
% L oo Preliminary i
0 ~ NLQin CEM
10" = | Bodwnetal, hepph/0412158 ~=
- 4 MRYT HO, m=4.75, Wmy=1 -
» t; MRST HO, m=4.5, wm,=2
- ;' R\98 H A 75 -
107 L
10" 102 10°

\vs (GeV)

Inclusive pp cross-sections
B do/dyly-0 @ 72 GeV

Jhy=20nb JAy=10nb
Y =40pb Y =15pb
“‘P...N, Cynthia Hadjidakis ~ Saclay  June 22742012 20



Quarkonium yields in pH and pA @ 115 GeV

In pp
= RHIC @ 200 GeV x 100 with 10 cm thick

H target

=> Comparable to LHCb if 1m H target

= Detailed studies of quarkonium production
(pt, ¥, polarization, different quarkonium
states, ...)

In pA

= RHIC @ 200 GeV x 100 with 1 cm Pb
target

=> Detailed studies of cold nuclear matter
effect in pA (pr, v, A, ...)

Geometrical Acceptance

Simulations using ALICE as a fixed target
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)

10 cm solid H

;' 10 cm liquid H 2
| 10cmliquid D 2.4
| | cm Be 0.62
|l cm Cu 0.42
lemW 0.31
Lcem Ph 016 6.7 1( 6_
0.05 3.6 107 1.8 10°
pp low Py LHC (14 TeV) { 2 1.4 10° 7.2 108
pPb LHC (8.8 TeV) 104 1.0 107 7.5 10¢
PP RHIC (200 GeV) 1.2 102 4.8 10° 1.2 10°
dAu RHIC (200 GeV) 1.5107¢ 2.4 10° 5910°
dAu RHIC (62 GeV) 3.810°° 1.2 10* 1.8 10°

Luminosity per year in fb-!
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Accessing the large x gluon pdf

very backward region

PYTHIA simulation B o J/VW— “qu- - PYTHIA s Rlhia 2
o(y) / o(y=0.4) s pp at Vs = 115 GeV .
statistics for one month = i : h . &
5% acceptance considered I = mont =

2 u 5% acceptance i
Statistical relative uncertainty = 08 B -
Large statistics allow to access % = O

0 —=x_.

Gluon uncertainty from

MSTWPDF
- only for the gluon content of
the target

- assuming

X, = M jp/Ns eyCM

14

1.2

J/¥Y
Yem~ 0 — x,=0.03

0.8

-

yCM ~ '3.6 _)xg — 1

Y: larger x, for same ycwm => Backward measurements allow to access large x gluon pdf
Yem~ 0 — x,=0.08

Yom ~-24 —x,=1
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Quarkonium yields in PbA @ 72 GeV

N

) dN-
—-————LL‘!dtL B({ d;* !}":0 — B{ !):O
| 10 cm solid H 110 4310°
10 cm liquid H 83 3.4 10° :
',‘ 10 cm liquid D 100 8.0 10° 1.6 10°
5 3
PbA | | cm Be 25 0.1 lO6 1.9 10
=> Same statistics than RHIC @ 200 GeV Il (2:111(\:\? :; g§l :g6 0 10.3
and LHC and 2 orders of magnitude larger I cm Pb 5 '5'7 106
i RIENC (@) 62 Gy dAu RHIC 200 Gev) 150 2.4 10° |
: : . dAu RHIC (62 GeV 3.8 1.2 10¢ 1.8 10!
=> Detailed studies possible for A uAuu RHI C(("?OOi}e)V) 78 4.4 10° 1110
quarkonium states (¥, e, A AUAURHIC€2Gev) 013 4.010° 6.1 10"
dependence, ...) pPbLHC(E8Tev) 100 1.0 107 7.5 10*
PbPb LHC (5.5 TeV) 0.5 7.3 10° 3.6 10¢

Luminosity per year in fb!
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Tentative design for AFTER

o
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Rapidity boost 1n a fixed target mode

* Very high boost:

pseudo-rapidities in the Center-of-Mass System

— With 7 TeV beam 500 —
 y=6L1andycus =438 7 2 wlead = Yeus= 4-8
— With 2.76 TeV beam g0 s
v =38.3 and ycms = 4.3 £ o m2
g% ni=-4 i
g - e
e TICM = Niab — Yems %200'
forward region: ncv>0 100
backward region: ncm<0 =0
N - S—
S0 Iozno'?ltudlnal d::t??ance to t:g?renex (cl:()) o
- Taking x, = M/ \s eYCM £ " 2.76 TeV 7=t
—x(I1¥) = 1 = yig(I/¥) ~ 12 b el = | Yos= 93
— (V) =1 = y(Y) ~2.4 s = ey iz
e N =-3. n'=2
8300 n=3
e 1 =-Intan 06/2 § o
— 0 (ycw=0) ~ 0.9° (16 mrad) 3%
— vy (J/P) ~ 4.8 — x,(J/F) = 0.03 e |
—_ ylab(Y) ~ 48 — x2(Y) — 008 n*=0
== =
09 lozr?goitudinal d:i’:t.;nce to th‘g?rertex (cn?)" -
* Very well placed to access
backward physics
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A tentative design for AFTER

* Tentative design 1.3 <y <35.3

— With 7 TeV beam : -3.5 <ycm <0.5
— With 2.76 TeV beam: -3 <ycm <1

— 050 = 10 mrad

* Multi-purpose detector

® Vertex

* Tracking (+ dipole magnet)

e RICH
e Calorimetry
* Muons

e High boost — forward and as
compact as possible detector

pseudo-rapidities in the Center-of-Mass System ]

~ 600

4
o
o

400

300

200

—d
o
o

radial distance to the vertex (cm
P-Y k<l

IIII]

T

T

T

T

7 TeV beam

200

T

|

T

- - -

400

-t
........
i

- am e Em = -
B, = - .

600

80

RO  DARARM et i i e,

1000
longitudinal distance to the vertex (cm)

oRMT
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Detector dimension

1.3 <y1ab<5.3 pseudo-rapidities in the Center-of-Mass System
Omin = 10 mrad

Muons 642{540 8/510 cm

L NERE F S
x Ef] A R 1 [ ) iy O
e R = 10° B s e
e e et b Pt ot e N sarapent e B O 00 i MO RS :’:.;: s
Tracker 100/180 481170 cm > i i i e o5 54 i 673 1
cm _“C-’ B o e et M ) W o) i g
RICH 300/480 57,290cm % 3 L e e L B g
cm 2 10 = cdeeoord - e 2 ':’::: e o o=
EMCal 2997220 47/320em 8 E Soheh | caen i aRESs
cm B B S . HE = A B0 R B
530/630 S G e 73 2 Lot LTI
HCal / 5.0/380cm 2 55 L
cm @ |
o
[z
S
o
p -

* Technology .
- Vertex, tracker: pixel detectors 10

b
Q

 oete 0° 10
- EMCal: Tungsten/Si (Calice - ILC) longitudinal dis‘ance to the vertex (cm)

- Muons: Magnetize Fe (Minos)

l- """]

-=1

e -—-n
===

—
—
-
— )
e |

3

ﬁ=-4
ﬁ=-3

-1
=0
o
=2
-3

*

-5 mm
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Detector dimension

1.3 <yiap < 5.3 pseudo-rapidities in the Center-of-Mass System
ernin — 10 mrad

I I I l I 1 ] 1 | | -
—=fecccgen B P Ry (R A p——- SR S, S S (. S K —"L LA N I . o
. . . . . . . . . . .

I

!

!
i

R
EEE

St s skt m b
EER

=
) i
>
Vertex 10/20cm 0.5/12em 2 102 =i
Q = = 1
Tracker 100/180 ¢og8,170cm = B =
cm g = _. &
RICH 300/480 2.7/290cm * E &5
cm o) 10
EMCal  °00/520 47,320cm ©
cm g
HCcal  230/630 59/380m 8
cm 7))
Muons ©40/840 8/510 cm 3 1E
cm =
=
©
p—

* Technology

Al L i
- Vertex, tracker: pixel detectors 10 10 02 3
- EMCal: Tungsten/Si (Calice - ILC) longitudinal distance to the vertex (cm)
- Muons: Magnetize Fe (Minos)
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Multiplicity

. PRL 93, 082301 (2004)

8 T LTLN LA | o T
- /\ Fermilab Oy 4— o T 5T O A N L G DI
=5 - S/ r -
7 £ 0O ISR 3/ - Ct"Au 200 Gev o Minimum Bias sl
~ 'FOus 5 o4 12 b) =
§ 6 - ¥ Tevotron &/ 4)\ g i 5 400
=z -l NA49 ® f OI/ ] = 10 3
0 5 [ @ PHOBOS A 3 B .
O A RHIC Average /' X ] %" 8- . 5 300
S| o o : %
- :._ : '_1.-" 3 B ]
\5 g /+ el I T E
AR, T Jp( e : o E 100
© “f, = ¢ ] 2 5
B el B [ ]
LE ] P\ A TP DA TS O RS IO Rl PO GEP TPl | 0
i - 3 543-21012324FG5
0 TR e n
10 10 10
Vs (GeV)

Charged particles per unit of rapidity: (x 1.5 = charged+neutral)
p+tp @ 115 GeV ~2

d+Au @ 200 GeV : max ~11

— A highly granular detector is needed

PRC 74, 021901(R) (2006)

"Au+Au 62.4 GeV .,

)
ooooooooooo
3 = A

llll'llll]l'lllllllll

paaa by el

AutAu @ 62.4 GeV : max ~ 450

Vertex ~ 450 part. Calo ~ 700 part.
700
I;mmax Surface 1% ~ 20 T VT 14%
" 2 300 ) 4700 1
(cm?) (0.8x0.8 mm” J ( Ixlem®
Vertex 1.5 10 ~ 300 50 o 0 :
0.1% ~ ~3.7%

300 L) 4700x( \

Calo 10 40 ~4700 0.25%0.25 mm’ | 0.5%0.5cm’ |
“'PN Cynthia Hadjidakis ~ Saclay  June 22742012 28

mvun- -



Conclusion and outlook

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

* 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

“'PN Cynthia Hadjidakis ~ Saclay  June 22742012 29
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a* Ky ECT* 'European Centre for Theoretical Studies in Nuclear Physics

:scr*: | _ and Related Areas
Ko a* E 2
[ ‘7 »o " \\_\_ A
ECT* ‘exploratory’ workshop: = ™™ .

“Physics at a fixed target
experiment using the LHC beams”

. February4 February 13, 2013

'This Is an exploratory workshop which aims at studying -
In detail the opportunity and feasibility of fixed-target :
experiments using the LHC beam.’




backward region
forward region

Xtarget
Xbeam

Xtarget — Xbeam

Xbeam
Xtarget

Drell-Yan continuum

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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Drell-Yan measurements 1n pp

0.10
> 000 ]
0.2
0.1
1
T 00
w
<
-0.1-
)1 1 R S S ST S
0 2 4 6 8 10
Q(GeV)
Fig. 17 The sin(2¢ — ¢s) azzmuthal asymmetry A%Zo*os: depending

on Q of target proton polarized pp Drell-Yan process with both y*
and Z taken into account and allowed rapidity integrated in the cut
|—4.8, —2|. The same cut of rapidity is chosen in Figs.18-22.

as F1gs. 183—40.

1zed pp Drell-Yan process at Q = 2 GeV

0.10 I Liu and B.Q. Ma arXiv:1203.5579
o.os-/"—\
> 0.00
0.2
0.1-
S
0.2
0.1 ’
>
§ _ 00
$
Fi '01 .
or
an
-0.2 . : . . . . .
-0.8 0.4 0.0 0.4 0.8
Xe
Fig. 29 The sin(2¢ — ¢s) azzmuthal asymmetry A%Zo—os: depending

on xr of target proton polarized pp Drell-Yan process at Q = 5 GeV.
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Drell-Yan measurements in pD

0.10
0.05-
/.
- 000
-0.05 1
-0.10 T r
0 10 20 30

Q(GeV)

Fig. 7 The cos2¢ azimuthal asymmetry depending on Q of unpolar-
1zed pd Drell-Yan process with both y* and Z taken mto account

0.10

0’05-/_\/’—_'

0.00

>

-0.05 4

-0.10 4——— — — . .
-0.8 0.4 0.0 0.4 08

A

Fig. 8 The cos2¢ azimuthal asymmetry depending on xF of unpolar-
1zed pd Drell-Yan process at Q = 2 GeV.

010
0-06-/’_\//—
. 0.00
-0.054
'0.10 T T T
-0.8 0.4 00 0.4 08
xF

Fig. 9 The cos2¢ azzmuthal asymmetry depending on xF of unpolar-
1zed pd Drell-Yan process at Q = 5 GeV

0.10

0.054

0.00

-0.054

'0.10 v T v —— v - -
00 0.5 10 1.5 20
q,(GeV)

Fig. 10 The cos2¢ azzmuthal asymmetry depending on g7 of unpolar-
1zed pd process 1n Z resonance region.
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Quarkonium distributions i pp @ 115 GeV

Pythia: p (7 TeV) +p — J/W (1sub=86)

JW — utw

'npldtty] rapidity in CM|
o] foo
s 8 |
500 |- m:.
a00| 400
100 100"
0. o7 PR L P PR PTTTS FTUTE PrURY b v " i o' - 2l ul al al [ Las
T R S B LR S S e s L < R SR R B e T B S
v Y.
 longit. momentum | longit. momentum |
£ b P, ~10 GeV Sl | P, ~20 GeV
v B &
1.8 < y1ab < 2.8 el
% ‘ y ‘ 1201 - .'; n 208 < ylab < AI..8
o E o !
ji | PL e nk L
| I V1 g I
U ‘ ] = Ir
I bod |
foy | E :
(I 40 gl
| (M H
5;: U n»a" bt '
: - ’ 0 e L
L5 LLI | Aid b asatlaua b dasa o Lo L ool \'_‘L‘..; -
e e e e e ﬁu%w*ﬁ‘“%*uj“ % 204686 80 100 120 1a0 160 m‘“p:oo 'o
L
.

JWfor1.3<y<5.3
w— PT ~ 1.7 GeV

u— P~ 62 GeV

1.3<y<3.3 p.(max)~ 16 (50) GeV
3.3<y<4.3 pL~45(150) GeV
43<y<53 pL~120 (300) GeV
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Physics case

— QCD at large x

— Gluon and heavy quarks distribution in the proton,
neutron

— W, Z production in the threshold region
— nPDF and nuclear shadowing
— Gluon and heavy quarks distribution in the nucleus
— Spin physics using polarized target
— Gluon Sivers effect (transversely polarized target
asymmetry)

- QGP
— Other ?

[
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