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@‘l Outline

Advantages of a fixed target experiment at LHC
Internal gas target vs beam extraction with a bent crystal
Expected luminosities

Physics Highlights
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Feasibility studies of quarkonium production

WHAT ISAFTER@LHC AND WHAT FOR?

AFTER@LHC is a proposal for a multi-purpose fixed target
experiment using the multi-TeV proton or heavy ion beams of
the LHC

* Advance our understanding of the large-x gluon antiquark
and heavy-quark content in the nucleon and nucleus

* Dynamics and spin of gluons inside (un)polarised nucleons

* Heavy-ion collisions towards large rapidities

24 July 2015 B.Trzeciak



Advantages of a fixed target
FTE :
/a experiment at LHC

v Advantages of a fixed-target experiment:

* high luminosities with dense targets
* target versatility
* possibility to polarize target
- spin physics program
* access to large Feynman |x |
> With LHC beams:

7 TeV proton beam on a fixed target

CMS energy: /s-= [2myE, af-l 15 GeV 1 | Rapidity shift:
Boost: y=+Is/(2m,)=~ 60 Yoy =0—y,, =438

2.76 TeV Pb beam on a fixed target

ey
CMS energy: /Sw =+2myE, ~72 GeV - | Rapidity shift:

Boost: y ~ 40 Yeu =0

= Viap = S
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Advantages of a fixed target
FTE :
/a experiment at LHC

v Testing QCD at large x = (0.3,1)

center of mass system (CM) target rest frame (Lab.)
yam = 0 (yam > 0)
=X, O—;—;—L—O <>
yam < 0
X1 < X> O X, ™ <:> O

v Entire forward hemisphere —y > 0 —within: 0° <6 _ < 1° - large
occupancy — more challenging

v Backward region - y_ < 0 — at large angles in the lab frame — low
occupancy, no constrain from a beam pipe

* Backward physics accessible

e Access to partons with momentum fraction x , — 1 in the target
X, = -1)
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FTER Beam extraction using bent crystal
el

v/ Possible fixed-target mode UAS

standard collimation crystal-based collimation (ideally)

beam ceore beam core

.“ R ) 3 : I- :II. St::‘ ‘
secondaries cenncing

absorbers absorber

Crystal-based collimation To beam extraction

Standard collimation today

- UA9 (@SPS) - CRYSBEAM
o _ - LUA9 (@LHC) (@SPS then LHC)
W. Scandale et al., JINST 6 T10002 (2011) - AFTE R@ LHC

v/ UAO9: test @SPS on the crystal with proton and ion beams LUA9 (beam bending
experiment using crystal): approved by LHCC

* 2 bent crystals installed in IR7 during LS1, 2015/2016 first tests with beams

> Proton beam extraction:

* Single or multi-pass extraction efficiency of 50%
> LHC beam loss ~ 10°p* s* - extracted beam : 5 x 10° p* s™*

> JTon beam extraction

* Successfully tested at the SPS, should

also work at the LHC (. Ballin et al, NIMB 267
(2009) 2952)
24 July 2015 B.Trzeciak



FTER Beam extraction using bent crystal
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standard collimation crystal-based collimation (ideally)
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Standard collimation today

- UA9 (@SPS) - CRYSBEAM
o _ - LUA9 (@LHC) (@SPS then LHC)
W. Scandale et al., JINST 6 T10002 (2011) - AFTE R@ LHC

v/ UAO9: test @SPS on the crystal with proton and ion beams LUA9 (beam bending
experiment using crystal): approved by LHCC

* 2 bent crystals installed in IR7 during LS1, 2015/2016 first tests with beams

> Proton beam extraction:

* Single or multi-pass extraction efficiency of 50%

> LHC beam loss ~ 10°p* s* - extracted beam : 5 x 10° p* s™*

-~ Ion beam extraction ' > Deflecting the beam halo at 7o distance
* Successfully tested at the SPS, should , to the beam
also work at the LHC (p. Ballin et al, NIMB 267 | > No loss in the .HC beam
(2009) 2952) e e Tt
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FTER Internal gas target, SMOG@LHC

—% / Paossible fixed-target mode

SMOG: System for Measuring Overlap with Gas

Flow to VELO

restriction /

Low density Ne-gas injected into
VELO in LHCb

v Short pNe pilot run at Vs = 87 GeV

in 2012
LHCb-CONF-2012-034

v Short PbNe pilot run at Vs = 54 GeV
in 2013
Ne target density: 1.5 107" mbar

=¥ injection of Ne-gas into VELO

- Noble gases favored
- As for now, target polarization is not possible with SMOG

- Internal gas target can be polarized, would be another
system with respect to SMOG

24 July 2015 B.Trzeciak



iFTE)i Luminosities in pH and pA at
= "ISNN = 115 GeV With bent crystal

7/ Instantaneous luminosity: L=¢@_ .. XN .. = @y X(OXIXN,)/ A
[ is a target thickness

v/ ¢ beam =5 x10° p* s (50% of the beam loss)

v/ Integrated luminosity - LHC year — 9 months running = 10" s

Target p (g.cm™) A L (pb's?) [ L (pbyr?)
Liq H, (Im) 0.07 1 2000 20000
LigD, (1Im) 0.16 2 2400 24000

Be (1cm) 1.85 9 62 620

Cu (1cm) 8.96 64 42 420

W (1cm) 19.1 185 31 310

Pb (1cm) 11.35 207 16 160

- Large luminosities comparable to LHC - with 1 m long H (D ) target,
3 orders of magnitude larger that at RHIC

24 July 2015 B.Trzeciak



@ Luminosities in pA -
Za bent crystal vs SMOG

With bent crystal SMOG
based on the pilot run
Target p(gcm?®) A L (pb's?) [L(pb'yr?) Target: Ne gas
Be (Icm)  1.85 9 62 620 * Ne target density: 10° mbar
Cu(lcm)  8.96 64 42 420 *L. =8 ub's

4

24 July 2015 B.Trzeciak

Higher instantaneous luminosities using a bent crystal compare to what is
expected from SMOG from the pilot run - 62 pb's™* with 1cm Be target vs 8
ub's™ for Ne in SMOG

Higher Ne pressure needed in SMOG in order to reach comparable
luminosity as in the bent crystal case

v assuming 1 year of running with a proton beam and P = 10~ mbar, one
can obtain comparable luminosity as in the bent crystal case

* Increasing the pressure is not expected to decrease the beam life time

10



;(FTER

v/ Instantaneous luminosity:

v

v

72 GeV

[ is a target thickness
¢» beam = 2 x10°> Pb s™*

Integrated luminosity - LHC year — 1 month running = 10°s

Target

Liq H, (1m)
Lig D, (1m)
Be (1cm)
Cu (1cm)
W (1cm)
Pb (1cm)

p (g.cm”)

0.07
0.16

1.85
8.96
19.1
11.35

Luminosities in PbA at vs =

With bent crystal

L=¢beamXNtarget =¢beamx(pXZXNA)/A

A

1
2

9
64
185
207

L (mbs?) [L (nb'yr™)

800
1000

25
17
13
7

- Nominal LHC luminosity for PbPb 0.5 nb™

24 July 2015
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FTE Physics Highlights: AFTER@LHC

‘J

Physics Reports 522 (2013) 239-255

Contents lists available at SciVerse ScienceDirect TR RIS AR

> Physics Reports 522 (2013) 239; Physics Reports
Few Body Syst. 53 (2012) 11-25. LSEVIER L —

> Many more ideas for a fixed target Physics opportunities of a fixed-target experiment using LHC beams
S.J. Brodsky *, F. Fleuret®, C. Hadjidakis®, J.P. Lansberg “*

experi ment at LHC submitted to a * SLAC Naronal Acceleator Laboratory, Sanfrd Universicy,Menlo P, A 84025, USA

b Laboratoire Leprince Ringuet, Ecole polytechnique, CNRS/INZP3, 91128 Palaiseau, France
S IPNO, Universiré Paris-Sud, CNRS/IN2P3, 91406 Orsay, France

Special Issue in Advances in High

Introduction... - 6. Deconfinement in heavy-ion colliSioNs ..........c.cooeeemeeenenns
Key numbers and features 6.1. Quarkonium studies ...............
3. Nucleon partonic srructurc 62. Jet quenching ...

Advances in High Energy Physics 31, Drell-Yan.. 5.3. Direct photon...

3.2, Gluonsin rho pwton 1t Ialg-:'x 6.4, Deconfinement and rhr: l:.argec rcst framc

M=

~ 3.2.1.  Quarkonia... 65, Nuclear-matter baseline ...
.1[-“--_:- 2l lssue on 3220 RIS s s b s 7. W and Z boson production in pp, pd and pA collisions.........
. : . ’ 7.1, First measurements in pA......mnmnn
Physics at a Fixed-Target Experiment Using the LHC 323.  Directisokated PHOIORS ..o 72, W/Z production in pp and pd ...
i 4 33.  Gluons in the deuteron and in the neutron. 8. Exclusive, semi-exclusive and backward reactions
H IndEW| Beams 34.  Charm and bottom in the PrOTOM e srsneses 8.1. Ultra-peripheral collisions .....
3-4-_1- Open—rharm Production. ... 82  Hard diffractive reactions...
342, [/ + Dmeson production ... 8.3, Heavy-hadron (diffractive]
343,  Heavy-quark plus plmmn pmdmrmn 84. Very hackward physics....
4. Spin physics... - T 85. Direct hadron production... :
41, Transverse SSA and DY . 9. Further potentialities of a Iugh ene:g\; “fixed- targer set- up
4.2, Quarkonium and heavy- quark transverse SSA 9.1. D and B physics ...
43,  Transverse S5A and photon.............. 92,  Secondary beams .. »
44.  Spin asymmetries with a final state PC']"”Z*“LO“ 93, Forward studies in relation with cosmic shower .

5. Nuclear matter ... revsesnsnsse i msssssenesnnnneenns 10, Conclusions

http://after.in2p3.fr/after/index.php/Recent_p S QumrkobDh el Vaninpd and Py ;;i";‘:;iff‘_f’.ff?ffﬁﬁ_.jﬁ:f:fﬁ:ﬁﬁ::f:Zfiﬁﬁﬁfﬁfﬁfﬁfifﬁfi
ublished_jdeas_in_favour_of AFTER@LHC 332 'S&'f@'iﬂ#l}fif.?ESS.T."HF!‘.?J%”;;E;‘ﬁJLi'SI'ina;;;i_._.__.___. ——
- - - - 5.3, Color ﬁltﬂ ing, energy |mq Sudakov suppression and hadron break-up in the nucleus

> Heavy-ion physics
> Exclusive reactions
> Spin physics studies
> Hadron structure

>  Feasibility study and technical ideas

: 12
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FTE Physics Highlights: AFTER@LHC
/ = pp and pA @ Vs = 115 GeV

> Understand dynamic of large-x gluon in nucleon

> Quarkonia, Isolated photons, High-p._ jets (> 20 GeV/c) S

gluon (u = 100 GeV)

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

v Unknown for the neutron

CT10 gluon uncertainty
-} ]
-7 o

: 13
24 July 2015 B.Trzeciak
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FTE

A
Understand dynamic of large-x gluon in nucleon

> Quarkonia, Isolated photons, High-p._ jets (> 20 GeV/c)

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

Physics Highlights: AFTER@LHC
pp and pA @ Vs = 115 GeV

Unknown for the neutron e 005 |
. . o i charm charm
Heavy-quark distribution at large x onf S eab :
_F % DGLAP a BHPS
% oo3f- — 2003 ]
> Open charm and beauty CR z
@ g
Pin down intrinsic charm T e =
0.01 —f’_h_“\ — oot o 37{\\}
* Intrinsic heavy quarks are rigorous features of QCD .-~ : o -‘-i‘:‘ﬁE“mz
ooglial L L oogilelin Lo w1
* Different charm pdfs (DGLAP or models with x x
intrinsic charm) are in agreement with DIS data LA .
i charm 1
See also: arXiv:1504.06287, 0.04 | 1 CTEQ6.5C with
arXiv:1410.0404, arXiv:0707.4658 . ”35__ Sea-Like intrinsic charm
P‘i ° : i
5‘1 0.02 = ) ,';';
,,_m:;‘f?.h A TR T ]
wo~10” o102 06 2 3 4 5 B.7891

B.Trzeciak

X

Pumplin et al. Phys.Rev. D75 (2007)
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FTE

‘4

Understand dynamic of large-x gluon in nucleon

> Quarkonia, Isolated photons, High-p._ jets (> 20 GeV/c)

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

Unknown for the neutron
Heavy-quark distribution at large x

> Open charm and beauty
Pin down intrinsic charm

* Intrinsic heavy quarks are rigorous features of QCD

* Different charm pdfs (DGLAP or models with
intrinsic charm) are in agreement with DIS data

- With AFTER@LHC

* Good coverage in the target rapidity region

e High luminosity to reach large x_

* Different targets: hydrogen, deuteron (neutron)

B.Trzeciak

x 32 (3 1)

Physics Highlights: AFTER@LHC
pp and pA @ Vs = 115 GeV

2‘0 T T ||||||| |||||
gluon (u = 100 GeV)
>
e
=]
-
b
0.05 _|||| T I T T T {JGE‘ I | | T
[ charm charm
0.04 — — 0.04 — —]
DGLAP - BHPS
0.03 [~ — 3 003 —
d 2
By
. v
0.02 |+ — g o082 :w " —
B s o~ ]
‘ .'.' - '\'\ -
o1 |+ .- . - 001l - ,*7{ }j\ —
- "‘1‘- I :- ] _’_;/ % ..:"‘u"\_\._‘ :
~2 Fa F p sy ]
I:ﬂl 1l 1 1 | I-‘-|'_d:€|"h'“"!‘---'- T . —F-l/ 1 1 |. |“%‘I}§~L_l ]
n'ul.;:“‘m"m" o1 omR o o0s L :_ u":ﬁ*‘ ot oL e 05 L 5 8. THENL
X X
ﬂ.ﬂﬁ : ||| T T | |
L charm ]
004 [~ - CTEQ6.5C with
Sea-Like

1 intrinsic charm

Pumplin et al. Phys.Rev. D75 (2007)
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v Nucleon partonic structure
® Gluon pdf in the proton — large uncertainties at high x
¢ g (x)=g,(x)?
> Measure: quarkonia, isolated photons, high-p_ jets
> Multiple probes to check factorization
v Heavy-quark distribution at large x in the proton
> Measure: open heavy flavours
v Spin physics
® Gluon Sivers effect

* Linearly polarized gluons: h *&, “Boers-Mulder” effect

* Single Spin Asymmetry in DY and HF studies

See also: arXiv:1502.04021;
arXiv:1504.03791; arXiv:1504.04332,
arXiv:1203.5579; arXiv:1208.364

v W and Z production near threshold ?

24 July 2015 B.Trzeciak
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FTE Physics Highlights: AFTER@LHC
/ = pp and pA @ Vs, = 115 GeV

n
o

gluon (u = 100 GeV)

e
-2
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2) 094007 |

0

05 1 15 2 25 3
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With AFTER@LHC: boost — better
access to the low-p_C-even qua{léonia



> Gluon distribution in nucleus at large x

®> Quarkonia
> Isolated photons
> High-p_jets (> 20 GeV/c)

v Large uncertainty in nuclei at large X,
unknown gluon EMC effect

v With AFTER@LHC:

» Access to target X, = 0.3 - 1 (>1 Fermi motion
in nucleus)

* With different targets:

> probing A dependence of shadowing and
nuclear matter effects

24 July 2015 B.Trzeciak
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FTE Physics Highlights: AFTER@LHC
/ = PbA @ Vs =72 GeV, pA @ Vs = 115 GeV

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

— | .4
B8 EPSO9NLO :
____ B38| 1.2
Fit 2
1.0
"""""" (.8
0.6
0.4
0.2
0.0
-4 -3 -2 =1
10 10 10 10 |
T
17



/_u PbA @ Vs, = 72 GeV

v Gluon distribution in nucleus at large x

* Complementary to EIC, LHeC

> Quarkonia, isolated photons, high-p_ jets %‘Em;
L)
— 1000
v Quark-Gluon Plasma > |
£ 800
* Experimental probes i

@
8

2 Quarkonia

> HF jets quenching

FTE Physics Highlights: AFTER@LHC

CMS, PRL 109 (2012) 222301

B
3

n
3

N B LR B B
i CMSPbPb |5, =276 TeV
& Cent. 0-100%, lyl <2.4
Ly = 150 ub” ]
p'l' = 4 GeVic _

« data
iotal PbPb fit
background

1 ...... pp shape
Povt (R,, scaled)

> Low mass lepton pairs T

> Direct photons

Lol . PR B
g 10 11 12 13 14
Mass(uty) [GeVic®]

* (Sequential ?) suppression of different quarkonium states — good resolution

needed

* In PbA, different nuclei, A-dependent studies

* Precise estimation of Cold Nuclear Matter effects from pA

v/ Ultra-peripheral collisions

24 July 2015 B.Trzeciak



(FT:_)‘E_. First simulations

Feasibility studies for quarkonium production at a fixed-target experiment using the LHC proton
and lead beams (AFTER@LHC)

L. Massacrier,!> B. Trzeciak,” F. Fleuret,* C. Hadjidakis,” D. Kikola,” J.P. Lansberg,” and H.-S. Shao®

YLAL, Université Paris-Sud, CNRS/IN2P3, F-91406, Orsay, France
2IPNO, Université Paris-Sud, CNRS/IN2P3, F-91406, Orsay, France
SFNSPE, Czech Technical U., Prague, Czech Republic
*Laboratoire Leprince Ringuet, Ecole Polytechnigue, CNRS/IN2P3, 91128 Palaiseau, France
> Faculty of Physics, Warsaw University of Technology, ul. Koszykowa 75, 00-662 Warsaw, Poland
“PH Department, TH Unit, CERN, CH-1211, Geneva 23, Switzerland
(Dated: June 17, 2015)

Used in the fixed-target mode, the multi-TeV LHC proton and lead beams allow for studies of heavy-flavour
hadroproduction with unprecedented precision at backward rapidities —far negative Feyman-x— using conven-
tional detection techniques. At the nominal LHC energies, quarkonia can be studied in detail in p + p, p + d
and p + A collisions at /syy = 115 GeV as well as in Pb + p and Pb + A collisions at /sy, = 72 GeV with
luminosities roughly equivalent to that of the collider mode, i.e. up to 20 fb~'yr' in p + p and p + d collisions,
up to 0.6 b 'yr™ in p + A collisions and up to 10 nb~'yr™! in Pb + A collisions. In this paper, we assess the
feasibility of such studies by performing fast simulations using the performance of a LHCb-like detector.

arXiv: 1504.5145

Advances in High Energy Physics

@ Special Issue on
Physics at a Fixed-Target Experiment Using the LHC

Hindawi Beams

: 19
24 July 2015 B.Trzeciak



Charge particle multiplicities Iin a
FTE :
/= fixed target mode

_D1 00 T 1T 1T 17T 17T 17 1T 11 | T 1T 1 1T 1T 1 I T T 1 1T 1T 1 0 L I T T 1T T T 1T T1 | ||||||||||||||||
£ - EPOS, 0-10% ~ [ EPOS, 0-10% -
= 90 £ B = i _ ]
O ~  Fixed-target mode ESOOU —  Fixed-target mode ]
"I-|.|_‘_ — — —_
£ - . R — Pb beam, Pb target,\lﬂs =72 GeV
© 80F --pbbeam,H target,|/s =72 GeV - Q - NN
= - NN N = - == Pb beam, Xe target,llu's =72 GeV
© - : ©2500 __ HH ~
0 70 — p beam, Pb target,1||'sm‘=1 15 GeV — m i « Pb beam, Ar target,llfs""ﬂ! GeV
= - Collider mode : = - Collider mode ]
Z 60C = <2000 [ Y —
— - —Pb beam, p beam, sm=51}21] GeV ] — L — Pb beam, Pb beam, s""=55|]ﬂ GeV ]

v Charge particle multiplicities, for all possible fixed target modes, p+Pb,
Pb+H, Pb+Pb, are smaller than the ones reached in the collider modes.
A detector with the LHCDb capabilities will be able to run in such
conditions (LHCb was used in p+Pb and Pb+p at 5 TeV).

: 20
24 July 2015 B.Trzeciak



1 m Liq. H,
1 m Liq. D,

LHC pp 14 Tev
(low pT)

RHIC pp 200GeV

Expected quarkonium vyield
pp and pA @Vs = 115 GeV

[ (fbiyri) NUMN)yr?
= ALBc,
20 4.0 108
24 9.6 108
0.05 (ALICE) 3.6 10’
2 LHCb 1.4 10°
1.2 107 4.8 105

N(Y) yr?
=AL8Bo,

8.0 105
1.9 10¢

1.8 105
7.2 10°¢

1.2 103

1 m H target

1000 times more statistics than at
RHIC (@200 GeV)

Comparable statistics to LHC

N()/¥) yrt
= ALBo,

N(Y) yr?
=A/lBo,

= £ (fbl.yr?)

1 cm Pb target

1cm Be 9 0.62

lcm Cu 64 0.42 s3100 11100 v 100 times more statistics than at
lcm W 185 0.31 1.1 10° 2.3 10¢
cm RHIC (dAu@200 GeV)
lcm Pb 207 0.16 6.7 10° 1.3 10¢
LHC pPb 8.8 TeV 207 10* 1.0 107 7.5 10° 4 Comparable statistics to LHC
RHIC dAu 200GeV 198 1.5 10 2.4 10¢ 5.9 103
RHIC dAu 62GeV 198 3.8 10° 1.2 10° 18

Detailed study of quarkonium
. production and nuclear effects

B Trzeciak

See also: Advances in High Energy
Physics, Article ID 726393, in press.

24 July 2015  arXiv:1504.0653



FTE Expected quarkonium yield
PbA@Vs = 72 GeV

4

A.B fL (nbl.yr?) N(J/¥) yrt N(Y) yr?

Pb A = ABLBo, =AB B0,
1 m Liq. H, 207.1 800 3.4 10¢ 6.9 103
lcm Be 207.9 25 9.1 10° 1.9 103
1lcm Cu 207.64 17 4.3 10° 0.9 103
lcm W 207.185 13 9.7 10¢ 1.9 104
lcm Pb 207.207 7 5.7 10¢ 1.1 104
LHC PbPb 5.5 TeV 207.207 0.5 7.3 10¢ 3.6 10¢
RHIC AuAu 200GeV 198.198 2.8 4.4 10¢ 1.1 104
RHIC AuAu 62GeV 198.198 0.13 4.0 104 61

1 cm Pb target

v Similar statistics than at RHIC @200 GeV

v 2 order of magnitude larger that at RHIC
@62 GeV

iDetaiIed study of
rquarkonium states

24 July 2015 B.Trzeciak
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ETE First simulations of quarkonia,
/= ppatvs =115 GeV

-~ PYTHIA 8.185, fast simulations with LHCb-like reconstruction

paramEterS
v Requirements:

. / . . .
> Momentum resolution: Ap/p = 0.5% Input for quar konium signals:
> 1 identification efficiency: 98% HELAC-Onia
v Sinagle u cuts: ¢ T Y EStimation of different
52<n <5 ) dimuon background sources:

u 4§ 0.5 + 6.63%exp(-0.13*Momentum) 7 .
>p, "> 0.7 GeV/c > Uncorrelated background — min
p ; I 5 bias PYTHIA 8
> o . s e . . g 3 .
.Ll mlSl entlflcatlon (Wlt 0 10 20 30 40 50 Gl\%on;,gntusr% [égwl?o > Drell_Yan . HELAC_Onla
mor K) > cc, bb — HELAC-Onia
}.fThlIASISS !Mrmmum bras ) ! -.:' .II PYThlIA 818_4 :’Hl'ulu;m.tr;i bras 10°
'.' p4p, Vs =115 GeV —: 10° 0.18F= = b2 p+p, s =115 GeV —:
10° b ] 016} : 10°
$0.14f
10° Emz 10°
10 s ':
10 So.08fH 107
o.06f :
10 10 0.04f o _ 15 10
- . 0.02F .
0 -5 54 56 28 3 52 34 5658 4 % 05 1 15 2 25 3 35 4 45 5 | O35 3 35 4 45 5 !
M,, (GeV/c?) pi* (GeVic)

Efficiency of background p palrs

: 23
24 July 2015 B.Trzeciak



FTE

‘J

Wy and Y signal simulations with
full background

JW/¢(2S) - p'p
Y(nS) - p'p

JL =10 1tb"?, 0.5 year of data taking with 1m H, target (in the crystal case)

“o 1ogE'I"'r'"i"'I"'I'"I"'I"'I"'I"'I E
S  fpp Bs=13Gev iy, v (28 :
2 p L=lop A A A :
R 1F T bbar E
e = S DY a
% LT . sum i
£ 10k <
I ;
S e~ i :
10° ;_—:-_ ----- H E’-- qﬂ"“"-u‘{g
I |||:.|||J__.__l||“qllh
26 2.8 3 3.2 34 36 3.8 4 42 44
M., (GeV/c?)
> Dominant source of
background is uncorrelated
background
24 July 2015 B.Trzeciak

NU 106 = 1 1 1 1 I 1 | 1 1 I 1 1 1 I I 1 1 1 1 I 1 1 1 L=
S = p+p, Vs =115 GeV =
O [ L= IUjb—f """" Y{I"IS) ]
= 5 e uncorr. bkg ]
3 10°F ---- bbar E
g Y(IIS) -o- DY :
& - sum .
Tt 10°E —
3 - =
o = L . 3
o I ,, ]

10°F E
102 L 4 E_ ' !al _
1 1 1 1 I 1 ] I 1 I i 1 1 i I 1 E 1 i 1 1 -.i 1 1 1 1 ;
8.5 9 9.5 10 10.5 11

M, (GeV/c?)
> Dominant source of
background is DY
> Clear separation of different
states
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J/w signal simulation with full
background JAg— g

JL =10 1tb"?, 0.5 year of data taking with 1m H, target (in the crystal case)

Q = 1 1 1 LI B LI | T 1 LI B T T T = = - = ]
S E p+p, s = 115 GeV ! | ! S 3 oL 0.51 ’I.5|_=
& el L=10M" @ 1 = Epw =15Gev Y gy (B
o 10F " 3 % - :
o E LLFteee e v - 8l — bkg sum  _
Lk "amm, 10 = =
- - eee - = =
8 107k uncorr. bkg —= = " e uncorr. bkg 3
2 S = L P ]
T N . 10°E :: ccbar =
E 10°F 5 - i --- bbar S
E E 10° = — DY =
10°F : = - a
= 3 10°E E
104 g_ ------- _g E E
S E 10°E =
sl _ - .

10 § 1 | 1 1 1 ] 1 1 1 ] : 1 1 | 1 1 1 | 1 ] 3 | il il
0 2 4 6 8 10 12 5.5 6 6.5
p:“ (GeV/c) Y.

> p.and rapidity Distributions for the J/{y and ditferent backgrounds ditfer.

> In more backward or forward rapidity regions, the signal to background
ratio increases
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Quarkonium acceptance and p
reach

JL =10 1tb"?, 0.5 year of data taking with 1m H, target (in the crystal case)

L 1Py, w156V T T
S 10° L=10fb" --- y (29) (a)
o 1o - = Y(18)
5 - Y(2S)
2 10°
@ VF oot
S 10°
o
O 10 -
10°

-
——— e e e T i, L

o =
_Lﬂcn

—
Q

> J/P and Y(2S) signals can be studies up to
~ 15 GeV/c, Y(nS) up to ~ 10 GeV/c

> All quarkonium states can be measured
down to 0 GeV/c

> Similar p, reach expected for pA

-2. - -1. -1 | -0. 0 0. -
pip, 5=115Gev 7" (b) 5
L=10f" .
fb . .
v(28) A
Y(1S) S
) - Y(2S) -
-~ =
l"‘.. ] - Y 35 :
7 (35) b
15 =
’ =
..:l '_ﬂ--“"-. - nl""“!-..\ -
E ."""- —— N
o -~ ar ..-.:—4—-.:-."“.
o = o - .“\:'
; £ A \
¥
‘ llP'II!I 1 I 1 111 | 11 11 I IIIIIIII I Ll 1 1 I 111
2 25 3 35 4 45 5 55 6 6.5
y

> Study is limited to the rapidity range
of2<y<5(2<np<5)
> J/P and Y(2S) signals can be studies

in the whole range, lowest y for T(nS)
is ~ 2.5-3
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> Combination of measurements of Y(nS), J/y and y(2S) for-3 <y . <0 (as

Impact of nPDF effects on quarkonium R .,
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F_(FTEP Summar
‘n 4 after.in2p3.fr

> Many physics opportunities with a fixed target experiment
using LHC p and Pb beams

> Novel testing ground for QCD in the high-x frontier with
AFTER@LHC

> Extensive spin program with a polarized target
- Using dense targets high luminosities can be achieved

- Target versatility: hydrogen, deuteron, nucleus — nuclear
effects and QGP

-~ First fast simulations performed

> Simulations in pA, AA and of different quarkonium states in
progress

Thank you !

This work was supported by the European social fund within the
framework of realizing the project ,,.Support of inter-sectoral mobility and
quality enhancement of research teams at Czech Technical University in

Prague”, CZ.1.07/2.3.00/30.0034. _
24 July 2015 B.Trzeciak
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FTE

4

Outlook

Special Issue in Advances in High Energy Physics
Expression of interest expected in 2015/2016

Advances in High Energy Physics
Special Issue on

Hindawi Beams

Development of the fast simulation
framework

Fixed-target experiments{FTE) have brought essentiz] contributtons to particle and
nuclear physics. They hove bed to particle discoverdes (£), JA, .} and evidence
fior the novel dynamics of quarks and gluons in hesvy-ion collistons. In accessing
hugh &, and i offering oo o (un-) polansed proton and ouclear [angets, they
have dso led to the ohservation of surprising (CD phenomens. They offer specific
aivantages compared to colilder experiments: access to high x;, high luminosities,
target versatility, and polarisatinn

The LHC 7 TeV prtons o Largels release aCms. energy dose o 15 Gy (72 GeV
with Ph), In a range never explored so far, significantly higher than that at 5P5 and
not far from RHIC. The production of guarkonia, DY, heavy flavours, jets, and y &
A colitsions can be studied with statistics previously unheard of and in the hadkward
reglon, xp < 0, which is uncharted. High precision QCD messurements can also
obwiously be carred oul In pp and pof collisons with Hy and [F targets. With the
50 TeV protons of the fiture droular collider (FCC), the cmos. energy could reach
300 (¥ for orginal studses of W and £ boson, and perhaps HY, production tn oy
and pd collisions.

after.in2p3.fr

With the LHC b beam, one con shedy the quark-gluon plasma (QGP) from
the vizwpolnt of the nucleus rest frame after iis formation. Thanks to modem
technologies, studies of, for instance, direct ¥ and quarkonium F-waves production
In heary-jon collistons can be envisloned

Polarising the target allows one to shudy dngle-spin cormelations inclading the Stvees
effect, hence, the correlation between the parton kr and the nucdeon spin

We inlend to publish a special Issue om the physics at such a FTE using the LHC or
FCLC beams. The editors welcome origine] research articles and review articles from
hnith thenrists and experimentalists

Potential toplos indude, but are not Hmited to:

w Heavy-quark and pgluon content st large x

» TMDs and single-spin asymmetries

+ Feayy-0avour siudes tn pA and AA ollisxms al FTEs
» W, 7, and H” production near threshold

+ Target polarisation

¥ weonmdary heams

» Simulation tools for high-energy physics

+ Beam colimation end extraction with bent crystals

+ Machine feasibility and radiological aspects

* Lonnection between UHECE studlesand FI'Es

24 July 2015 B.Trzeciak
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FTER Beam extraction using bent crystal
el

/  Paossible fixed-target mode UR S

standard collimation crystal-based collimation (ideally)

beam core beam core

p r I I-I-|| a r"}..- : " — :: |- I.r :t-d"
channeling

absorbers

Crystal-based collimation To beam extraction
- UA9 (@SPS) - CRYSBEAM

Standard collimation today

W. Scandale et al., JINST 6 T10002 (2011)

Direct view of the channeled beam

-E ._‘ 120 _E 250 ..____,___:_ .!:._'_.'--" - . == i
Lof b | channeling

50

5 100 150 200 250
pimel number

S. Montesano, W. Scandale, Joint LUA9-AFTER
meeting, Nov. 2013

: 31
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FTER Beam extraction using bent crystal
el

v Beam collimation @LHC: amorphous collimator, inefficiency of 0.2% (3.5 TeV p beam)
* Expected bent crystal inefficiency: 0.02%
UA9: test @SPS on the crystal with proton and ion beams
LUA9 (beam bending experiment using crystal): approved by LHCC
2 bent crystals installed in IR7 during LS1
2015/2016 first tests with beams

> Proton beam extraction:

* Single or multi-pass extraction efficiency of 50%

* LHC beam loss ~ 10°p* s - extracted beam : 5 x 10°p* s

* Extremely small emittance: beam size (in the extraction direction) 950m after the
extraction: 0.3mm

> Jon beam extraction

* Successfully tested at the SPS, should also work at the LHC (p. Ballin et al, NIMB 267 (2009) 2952)

----------------- I 32
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FTER  Physics Highlights: AFTER @ LHC
— pp and pA @Vs_ = 115 GeV

(Gluon) Sivers effects with a transversely polarized target

Gluon Sivers effect: correlation between the gluon transverse momentum
k; and the proton spin

] The target rapidity region (x < 0) corresponds to high xT (xg = -1) where
the k; - spin correlation is the largest

U Transverse single spin asymetries studied using gluon sensitives probes:
- quarkonia (J/y, Y, X.)
- B & D mesons production

- Y, Y-jet, y-y also J/y-y

L.. Massacrier — SPIN 2014
Conference

24 July 2015 B.Trzeciak
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FTER  Physics Highlights: AFTER @ LHC
— pp and pA @Vs, = 115 GeV

TMDs STUDIES WITH AFTER@LHC (WITH A POLARIZED TARGET)

(Quark) Sivers effects with a transversely polarized target

U Can be probed with the Drell-Yan

AFTER pp' 115 GeV

Experiment particles energy 'S xg & 0.05 [
(GeV) (GeV) (nb~1s~1)
AFTER p+p' 7000 115 0.01=0.9 1
COMPASS a4+ pl 160 17.4 0.2+-0.3 2 0 [
COMPASS at 4 pt 160 17.4 ~0.05 2
(low mass)
RHIC pl+p collider 500 0.05+0.1 0.2 y
J-PARC p'+p 50 10 0.5+0.9 1000 £ pnos
PANDA p+p' 15 5.5 0.2+0.4 0.2 -
(low mass) <
PAX pl+p collider 14 0.1+0.9 0.002 [
NICA pt+p collider 20 0.1+08 0.001 0.1 F
RHIC pl+p 250 22 0.2+05 2 t
Int.Target 1
RHIC p'+p 250 22 0205 60 _ 4<M<8 GeV
Int.Target 2 D15 b .
P1027 p'+p 120 15 0.35+0.85 400-1000 06 04 02 0 02 04 08
P1039 p+pt 120 15 0.1+0.3 400-1000 Xg
Relevant parameters for the future proposed Prediction for AFTER

polarized DY experiments
M. Anselmo, ECT*, Feb. 2013

S. J. Brodsky et al., Phys. Rep. 522 (2013) 239 (Courtesy U. d'Alessio)
V. Barone et al., Prog. Part. Nucl. Phys. 65 (2010) 267

Asymmetry up to 10% predicted in DY for the target rapidity region (x. < 0)
L. Massacrier — SPIN 2014
Conference

24 July 2015 B.Trzeciak
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FTE Physics Highlights: AFTER@LHC
/ = pp and pA @ Vs, = 115 GeV

«Linearly polarized gluons: h ¢

> “Boers-Mulder” effect: correlation between the @ > @
parton k_ and its spin (in unpolarized nucleon) & =
unpolarised nucleon

> Scalar and pseudo-scalar quarkonia — % _,

Kno> N> Ty Boer, Pisano, PRD 86 (2012) 094007
0.8 [T
+ Low-p,C-even quarkonium production is a good probe of g '_""u_i_lf’c *do/ dq% |
gluon Transverse Momentum Dependent (TMD) pdfs oo | PR ﬁ -
v Low-p_ scalar and pseudo-scalar quarkonia are affected - ng ----

0.5 -

differently by the linearly polarized gluons in unpolarized
nucleons

v~ With AFTER@LHC
» Boost — better access to the low-p, C-even quarkonia

e 1. (LHCb 1409.3612), (n , ), back-to-back J/y + v, J/y
+ J/y

0 0.5 1 1.5 2 25 3

qr (GeV)

: 35
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Counts per 20 MeV/c?

S

i

2

Counts per 20 MeV/c?

10°

Y signal simulation with full

background

]

Ty

[T I ' T J__I T Idf T T 1&( ' T T LI T T | LI | T T | T I T
- p+p, Vs =115 Ge -

[P p om0 Jhy, v (28)  (a) 4
I uncorr. bkg —
= — — ccbar =
: Euf.}’uu-::j . bbar E
L i DY -

sum

-
.....

=10fb"’
4<¥Y <5

.....

1 IIIIIIIIJr‘I LIE]

- p+'p', s =115 Ge

1
L

3.

i
ﬂ-l L-.Jrlf"'luri:rEl'r"gl;i B o _:'E'-I
e
34 36 38 4 42 44
M,, (GeV/c?)
T 15{ LI T 0 LI | LI | LI | LI I. | T i
------- Jhy, y(28)  (0)
.............. uncorr. bkg E
— — ccbar -
---- bbar i
- DY
sum

W |||_'r"1"'r-1;=|"||"||5

“34 736 3.8 4 a2 43
. (GeV/c?)

o T T LI T T LI I T I LILIL I T I T I LI | T
Q| pip, is=115GeV -
3 10° _—p " i_fr::ﬁ,: T e Jy, v (28) (b
= E LA R P uncorr. bkg =
= — — ccbar 3
~ - J<Y, <4 ---- bbar |
e — = —
] : e DY
o T . —
" 10 2 4 sum 3
e - [ -
c — HE —
=) - o -
Q - H _
O s P
10 = kN - H
= T
Pl Mo '
B : i
— . -L"E-L"E"I-._
10°E L T T 1
;:-- S = ﬁﬂf‘"i_:
- -1“":1'1“lf:linf:51r;L = ?
- . _-\..|l--|II --E_'_ =

M, (GeVic?)

56 5.8 3 35 3.4 36 38 4 42 44

JWp/g(28) - p'

* In more backward or forward rapidity
regions, the signal to background ratio

Increases
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