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Outline dETen

A high luminosity Fixed Target ExpeRiment
at the LHC

> Kinematic features and advantages

> Physics motivation
Technical implementations and luminosities with LHC beams

 ALICE and LHCb
> Selection of physics opportunities and projected performances
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Kinematic features

> Energy range

7 TeV proton beam on a fixed target

c.m.s. energy: +s=.[2mE, ~115GeV

Boost: 7 =[5 /(2m,) ~ 60

Rapidity shift:
yc.m.s. — O > ylab — 48

2.76 TeV Pb beam on a fixed target

C.M.S. energy: /Sy =+2myE, ~72GeV

Boost: y~40

Rapidity shift:
yc.m.s. = 0 — ylab = 43

e /s in-between SPS and top RHIC
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Kinematic features dETen

> Energy range

7 TeV proton beam on a fixed target -
, 115Gev Y
c.m.s. energy: +s=.[2m,E ~115GeV | Rapidity shift:
BOOSt: 7:\/;/(27’}11\/)%60 yc.m.s. = O =) ylab — 48 Q
2.76 TeV Pb beam on a fixed target
c.m.s. energy: /s, =+2myE, ~72GeV | Rapidity shift: s 72 GeV
Boost: y ~40 e Ul ﬁ
e /S in-between SPS and top RHIC
v P o Entire forward hemisphere, y_ > 0,
> Effect of boost within 1 degree
center of mass system (CM) target rest frame (Lab.) |
S s o) { . * Easy access to (very) large
5% X, O 7 0 <= O—’—@“ﬁ? - backward rapidity range, y___<0

'« And large parton momentum
fraction x, » 1 (x_ - -1)

(el = P!—ilx > 1l
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Kinematic features dETen

> Energy range

7 TeV proton beam on a fixed target -

115 GeV 6
c.m.s. energy: +s=.2m,E. ~115GeV | Rapidity shift: ’
ZB::f Advantages of a fixed-targed mode at B
' the LHC ©
;m"  Accessing high-x frontier (y__ < 0and x > 0.5) g
00¢
) * Achieving high luminosities ﬁ
* vsink Varying atomic mass number of the target isphere, y >0,
> Effect -+ Target polarisation
center of
ym=zom>o) ~ > All this in parasitic mode to the LHC collider  try) large
Xy = X3 O_' poxw - | [———= | ! Jrange,y__<0
Jon< o z wee o And large parton momentum
e O - = 1 e 20N fraction X2 1 (Xl: N _1)

(el = 2L 1]

Z Imax
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Physics motivations dETen

2> Advance our understanding of the high-x frontier in nucleons and nuclei
(gluon and heavy-quark content) and its connection to astroparticle physics

> Unravel the spin of the nucleon: dynamics and spin distributions of quarks and
gluons inside (un)polarised nucleons

> Studies of the quark-gluon plasma in heavy-ion collisions at a new energy
domain down to the target-rapidity region

£ Farly Universe
1.8 i = Gluon Spin Gluon angular momentum I, i
161 nCTEQLS | = Quark Spin Quark Angular Momentum
: —— DSSZ Deconfined quarks
1.4l] — HKNo7 | and gluons
EPPS16

1.2
a, .
S~ 1.0+
o %F ture NICA E X
ﬁ 0 s 8 — " 5 Future FAIR E:-:péﬁr\‘erﬂs -
S

0.6+ Critical Point

0.4l Hadron Gas

0 2 Nuclear i

e Matter lettron Stars
Gluon for Q =2 GeV . I
0.0—~ e — — : l l = ) I;zzl:#or1 Chemical Potential
-3 2 1 _ )
10 10 10 1 — AL+AG+ Lo+ L,

T 2 2
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Physics case: high-x ETen

2> Advance our understanding of the high-x frontier in nucleons and nuclei
(gluon and heavy-quark content) and its connection to astroparticle physics

e Structure of nucleon and nuclei at high-x is poorly known (x>0.5), both at low and high scales
- Origin of the nuclear EMC effect in nuclei ?

- Non-perturbative source of charm or beauty in proton — important for Ultra-High-Energy-Cosmic
Rays (UHECR), high-energy neutrino in the PeV range

QCD uncertainties on the prompt

18 Gluon nPDF relative uncertainties

0.4

0.2

muon neutrino fluxes

— nCTEQL5
1.6 DSSZ i _ Uncert. /"’— ™
1.4/| — HKNo7 ermi motion w15 DM
s TR NLO QCD

. N S Y | =11 /.

<~ 1.0- g

""-.._‘_._- U

£ 0.8 3

S o g
. -6.3

PELI .
e
)

0.0L—

Gluon for Q =2 GeV

10° 10

log,, E [GeV]
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AFTER high-x kinematic reach

« Typical kinematical reach with heavy-hadron production at x,,
momentum fraction of the parton in

or ALICE-like detectors
* Gluon-sensitive probes:

LHCDb-like detector

N-"-‘- 25 T T T T T T I T T T T T T 1T | T T T T T LEL L
E L i
= B s = ]
> " pp |5, = 115 GeV, AFTER@LHCb i
S oo - ] vottomonium, p, < 15 GeVic ]
é_ B charmaonium, P, < 18 GeVie
- D mesan, p, < 20 GeV/c v
b ! e e P P R
B 16 GeVvl P
o e R
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Physics case: spin dETen

2> Unravel the spin of the nucleon: dynamics and spin distributions
of quarks and gluons inside (un)polarised nucleons

> 3D mapping of the proton momentum
> How quarks and gluons bind into a spin-1/2 object

1980s

1 _ 1
> =3 AE+AG+ Ly + Ly
DD Q@
quark spm gluonspin  quark and gluon OAM
25%
> quark/anti-quark: ~30% of proton longitudinal spin .. ot gl
I Ay = Pegr ot + ot

> gluons: even up to 40%
> Missing contribution to the proton spin from the transverse
dynamics of quarks and gluons
gluon and quark Orbital Angular Momentum Lgq

* Single Transverse Spin Asymmetries (with transversely polarised target)
— orbital motion of partons inside hadron: Sivers effect

* Non-zero quark/gluon Sivers functions - non-zero OAM

P
r
e
/\\-'"'\/“‘_,—\U I
O P @ @
Sivers

_ i, transverse-momentum
~ distribution correlated
with the transverse
polarization vector of
the nucleon
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Physics case: QGP ETen

> Study of the quark-gluon plasma between SPS and top RHIC energies of Vs, = 72 GeV
over broad rapidity range
» Complete studies as a function of rapidity, centrality and system size - scan in p,

complementary to RHIC BES programme

0.4

0.3

< 0.2 =
4]
S
=" 0.1 )
08 Z
0
r VHLLE+UrQMD
| 1 11 1 | 1 11 1 | 11 1 1 | 11 11 | 1 1 11 |
L I T T

Baryon chemical potential vs c.m.s. rapidity

PbPb collisions at 72 GeV c.m.s. energy
Centrality class : 20-30 %

YC.ITI.S.

l.Karpenko, Acta Phys. Polon. B50 (2019), 141-148

L 12 &

Temperature

LHC Experiments

i Early Universe

J

Deconfined quarks
and gluons

Future NICA Experiments
Future FAIR Experiments

Critical Point

Hadron Gas Superconductor

Nuclear
Matter Neutron Stars

F -lﬁh
900 MeV
Baryon Chemical Potential

WEJCF, Jan 2020

B.Trzeciak, AFTER@LHC



Physics case: QGP (1)

> Study of the quark-gluon plasma between SPS and top RHIC energies of Vs, = 72 GeV
over broad rapidity range
» Complete studies as a function of rapidity, centrality and system size —» scan in p,
> Explore the longitudinal expansion of the QGP
- Particle yields and v - temperature dependence of the shear viscosity

0.06

0.05 |

0.04 -

0.03 |

Vo

0.02 -

0.01

0

3DMCG+MUSIC 1)/s=0.12 —
3DMCG+MUSIC Tdep 2-20 —
3DMCG+MUSIC Tdep 20-2

Au+Au 200GeV 10-20%
pt>0.15 GeV

Adapted from

-2 0 2 4
pseudorapidity

B.Schenke, Quark Matter 2015

n/s

o == N W A~ 0o O

I
(=0

(n/s)(T)1 (20-2)
(n/s)(T)2 (2-20)
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Physics case: QGP (2) ETen

> Study of the quark-gluon plasma between SPS and top RHIC energies of Vs, = 72 GeV
over broad rapidity range
» Complete studies as a function of rapidity, centrality and system size - scan in p,

> Explore the longitudinal expansion of the QGP
- Particle yields and v - temperature dependence of the shear viscosity

2> Unique access to hard probes at this energy domain
* Quarkonium suppression in QGP —» thermodynamic properties of the QGP
« D meson R,, and v, -» heavy-flavour energy loss, transport properties of the QGP

gﬂ.s - Ph+Xe centrality
= L integrated
60.4 :— Ry2s)v1s)
5 r RY(SS){YUS)
> i
@ o03f AFTER
[ @LHC
02F
0.1 \
0 C L L L L L L L I L L L L L L L L I

10° 3
Prediction from: 0 107 sqrt(s)[GeV]
E.Ferreiro et al., JHEP 10 (2018) 094
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Physics case: QGP (3) ETen

> Study of the quark-gluon plasma between SPS and top RHIC energies of Vs, = 72 GeV

over broad rapidity range
» Complete studies as a function of rapidity, centrality and system size - scan in p,

> Explore the longitudinal expansion of the QGP
- Particle yields and v - temperature dependence of the shear viscosity

2> Unique access to hard probes at this energy domain
* Quarkonium suppression in QGP —» thermodynamic properties of the QGP
« D meson R,, and v, -» heavy-flavour energy loss, transport properties of the QGP

> p-A, lighter ions and high-multiplicity pp collisions
» Test of collectivity in small systems A e Ja s A e A

. . 0.18Fp+Au ysy, =200 GeV 0-5%  (a) F AU |5, =200 GeV 0-5% (b) + °He+Au \s, =200 GeV 0-5%  (c) ]

e factorization of CNM effects 0.16 + PHENIX i A

from pA to AB - Drell-Yan i
(insensitive to QGP formation) o

,_-.""r"" R A L. L S PR TN
05 1 15 2 25 3 05 1 15 2 25 3

p (GeVic) p_(GeVic)
PHENIX, Nature Phys. 15 (2019) no.3, 214-220

IN it
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Possible implementations

> Internal gas target
* Full LHC beam flux on internal gas target
* Use of an existing LHC experiment
* Feasibility demonstrated by SMOG at LHCb
» Storage cell target (HERMES-like) or gas-jet system
(RHIC H-jet polarimeter) for (un)polarised gases

thOGf@/bH Cb . Target cell for polarised gas
ystem 1or vMieasuring overiap wi as HERMES'“ke
VELO (+SMOG)
Dynamic vacuum: sketch H atomic beam
:’i&mf‘m’ SMOG gas injection N
injecting gas) —
= L," v
l 'j,_“‘ L =
P P m RF foils (~260-270¢) P, Pb g
—L" Y\ LHC beam §
l, 55 () beam tube \( )
VELO ion pumps (off when injecting gas) ‘ g
capillary

* Unpolarised noble gases

* Gas injected into vertex locator
(VELO) vacuum

* Low gas pressure

e Polarised H
* Unpolarised

* High pressure

and D (®He)
Kr, Xe

H-jet system at BNL-RHIC

atomic beam source
L

Measures proton beam
polarisation at RHIC
Polarised gas: H, D and He
possible

cold head

dissociator

isolation
valve

sii-pole
magnets

RF transitions

holding field

ol magnet

silicon recoil
detectors

RHIC beam

;(FTER
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Possible implementations (2) dETen

> Internal gas target Bent crystal studies by UA9 for collimation purpose
_ at the LHC Experimental
* Full LHC beam flux on internal gas target apparatus
« Use of an existing LHC experiment
. eam extraction
* Feasibility demonstrated by SMOG at LHCb

e Storage cell target (HERMES-like) or gas-jet system
(RHIC H-jet polarimeter) for (un)polarised gases

TT T Tt
oy}
)
[V
3 |
@ |
3
<
Q|
(*]
L. O |
o |
N | |
\|
- |
- |
[ |

> Internal wirelfoil target
* Beam halo recycled directly on internal solid target
 As HERA-B and STAR, heavy-nucleus targets

> Beam line extracted with a bent crystal AN
* Beam halo deflected onto an external target Beam splitting Experimental
' Target apparatus

s [m]

New beam line: long-term
project

e Thick (un)polarised and cryogenic polarised targets F \‘ | s =
* Considerable amount of civil engineering =
. - Beam envelope o
> Beam “split” by a bent crystal A
* Beam halo deflected onto an internal solid or gas target . s
* Beam splitting: crystal located ~100m downstream

* Inside beam pipe of an existing LHC experiment of the target

WEJCF, Jan 2020 B.Trzeciak, AFTER@LHC 15



Acceptance In centre-of-mass

> With7 TeV proton beam

Ay =4.8
STAR

PHENIX
ALICE
LHCb

-4.7m

target =0

=-1.5m

target™

=-0.4m

target™
0

ALICE z
ALICE z
LHCb z
LHCb z
LHCb z

target™

target™

Collider

Y R
. XN

;(FTER

\ \ Muon Det.

1
Fixed Target
HE XX
HE N
]
L ]
-6 —4 —2 0 2 4

Center-of-mass rapidity

E-M Det.

B Fu P Det.

> ALICE: central barrel: very backward y (x, —» 1), Muon Spectrometer: more central y

> LHCDb: central and half of the backward y

c.m.s. < O

B.Trzeciak, AFTER@LHC
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Detector requirements

lab

1/N,,5 dN_ /dn

;_ EPOS simulations
10° Collider

i = 0-10%

- F )

i =

Fixed-target
0-10%

WEJCF, Jan 2020

1 2 3 4 5 6 7 8 9 10

Fixed-Target mode, |s, =72 GeV (|

Pb beam, Ar target, cent. 0-10% lab
Pb beam, Xe target, cent. 0-10%

Pb beam, W target, cent. 0-10%

Collider mode, |/s,, = 5.5 TeV

Pb beam, Pb beam, cent. 0-10%

Pb beam, Pb beam, cent. 30-40%

Pb beam, Pb beam, cent. 40-50%

;(FTER

Wide rapidity coverage of backward and
mi-rapidity in y

c.m.s.

p beam: y,_ range 0 - 4.8
Pb beam: y,_ range 0 - 4.2

With (low p,) PID and vertexing capabilities

Heavy-ion: good performance in high-
multiplicity events, up to 600 - 700
charged tracks per unit of rapidity at n_,~4.2

Readout rate similar to LHC collider:
up to 36 MHz in pp,

300 MHz in pXe,

190 kHz in PbXe

Polarised target requires space e.qg. for
pumping system

B.Trzeciak, AFTER@LHC




Possible implementation: ALICE ETen

> Beam splitting with bent crystal + internal target
» Crystal installed prior of the IP2 (ALICE), at ~70m
» Deviates the beam halo onto a solid target in L3 magnet
* Target zposition< 4.8m, ~1.3 cm from the beam axis

> Gas storage cell target
* Under study z2=-4700 z2=-2750 z=0mm

[
T
LU T

A-side

« wide rapidity coverage
« excellent PID capabilities in the central barrel

« experiment designed to cope with high-multiplicity
events

R * reconstruction of charged particles down to
ALICE Readout for Run3: 50 kHz in Pb-Pb _ e R
ancd 200kHz-1 MHZ in /- p, ~ 0.15 GeV/c at mid-rapidity
WEJCF, Jan 2020 B.Trzeciak, AFTER@LHC 18




Possible implementation: ALICE ETen

> Beam splitting with bent crystal + internal target
» Crystal installed prior of the IP2 (ALICE), at ~70m
* Deviates the beam halo onto a solid target in L3 magnet

* Target zposition< 4.8m, ~1.3 cm from the beam axis

> Gas storage cell target

* Under study

A-side

z=-4700

z=-2750

ISun(GeV)

z=0 mm

Targetz=0
— —— Targetz=-2.75m
......... Targetz =-4.7m

LHCD, targetz=0

WEJCF, Jan 2020
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Possible implementation: ALICE (2 ETen

> Beam splitting with bent crystal + internal target
» Crystal installed prior of the IP2, deviates the beam halo onto a solid target
* Pneumatic motion system with two position IN and OUT of the beam pipe
» Various target type: Be, Ca, C, Ti, Ni, Cu, Os, Ir, W
e Target length from ~100pm to 5 mm
* Feasibility studies ongoing_ .., — S—

Kevin Pressard, IPNO

beampipe section

A single target

target holder target

actuator

!

50 mm

- 17 O mm > K. Pressard (IPN Orsay)

ALICE Readout for Run3: 50 kHz in Pb-Pb
and 200kHz-1 MHz 1in p-p/p-A
B.Trzeciak, AFTER@LHC
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Possible implementation: LHCb ETen

> Several investigations/projects:
* Unpolarised storage cell gas target: SMOG2

» Polarized storage cell gas target: LHCSpin, R&D needed with p055|ble installation in LS3
* Beam split and mternal W SO|Id gas (with a second crystal) -

> 'ﬂw\WM)' W“f T
= - ) \ .
F= 4 g o ‘-i
s e e =z -
o e @
//. NN
gas or solid /' o I
:’ { Si 7 : o L N I
target . . car HCAL Ma M5\ -
£ Magnet SciFi RICH? -
i Tracker —— L.

i -y
\r'crlcx T

[ e — Targetz=0
T N S [ Targetz=1.5m
2 LHCb: ALICE, targetz=0

« Forward detector with full PID, 2 < 1}, <5

* Precision tracking system, vertex locator
* Limitation in high-multiplicity event reconstruction
* New VELO: high readout rate, higher multiplicities

B.Trzeciak, AFTER@LHC
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;(FTER

> Unpolarised storage cell gas target: SMOG?2 i3 i
* Installation of an openable storage cell during LS2 S 400§_ | Sy = 87 GeV pHe
« 20 cm long tube with 1 cm diameter, displaced from IP < 3005 SMOG
» Higher local gas density, luminosity increase by factor ~100 S w0 b
Target Cell % 10();_
Beam pipe VELO vessel S AT, S o :
© 1800 1820 1840 1860 1880 1900 1920 1940

m(K *) [MeV/c?]

ELECTRICAL CONTINUITY
BETWEEN CELL AND RF FOIL

FLOATING HALF CELL SUPPORT
CONNECTED TO THE DETECTOR
BOX

STORAGE CELL
SUSPENSIONS

STORAGE CELL

GAS FEED TUBE IN
THE CELL CENTER

CONICAL TRANSITION

FIXED HALF CELL SUPPORT
FLEXIBLE WAKE FIELD SUPPRESSOR CONNECTED TO THE DETECTOR

BOX

LHCb-PUB-2018-015 & CERN-PBC-Notes-2018-007
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Projections:QGP ETen

¢ Early Universe T
= 1 LH'¥E (periments > Rapidity scan of the QGP phase
< diagram: complementary to RHIC BES
o
E’ Deconfined quarks r—150_..|u...----.----.-u--.----.----u_
and gluons e: B ;;5 ]
s 1450 6 & -
= ot e™ A\ ]
F~ 140¢ H_*H—{-—_F}- _+_ :
1350 gy s < :
- g, 25 0596 + el
]_30:_ [) 5{4’_\‘1 & i
Future NICA Experiments C 05.& N
Future FAIR Experiments 125F _+=+- -
o \ 120f. HRG model )')c%, !/_
Critical Point e /,_,.4— [ ®RHIC Beam Energy Scan, 0 < Yo <0 5 ]
Had e Color 11 5F=Rapidity Scan, PbPb s, =72 GeV O<y__ <45 .
ddaron SUpEfCOﬁdUCtDr 110_Ra||3 scan: cII) =0.5 | | | | ‘ E
y Nuciear / 100 150 200 250 300 350 400
-~ Vacuum Matter Neutron Stars m [MCV]

900 MeV
Baryon Chemical Potential

More in arXiv:1807.00603
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Soft probes (1) ETen

> Precise tool to study the bulk properties of the

nuclear matter -
v, prediction in PbPb at 72 GeV

:-2.2-0. 0.08¢
Yems-2:2-0.7 B P, integrated v, vs pseudorapidity

104----|---|----"'-|----_|---' 0.07=
PbXe |/syy =72 GeV " plon -
103 © Vo © « kaon 0.06
centrality 20-30% + proton =
_g 102 + antiproton 0-05:_
) -
Z 0.04—
'-Om ].0 >N C
& 0.03
z | -
z 0.021-
-1 C
—10 > 0.01~
-2 -
10 ! o=
Sl | L L C

10_10 _5 O 5 10 15 20 _001 1 ! _‘|4 1 ! 1 _‘2 1 ! ! 6 ! 1 ! 2| 1 ! 1 c‘l 1 1 !

nlab N

 Particle yields and v_over very broad rapidity range
e Studies of the longitudinal expansion of the matter
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Soft probes (2)

> Precise tool to study the bulk properties of the
nuclear matter

Y. .:-52-0.7

10 g1 T T
PbXe \syn =72 GeV = pion

103 © Vo © e kaon
centrality 20-30% + proton

10% + antiproton

107 :
107 ,
b ol B
-10 -5 0 5 10 15 20
nlab

 Particle yields and v_over very broad rapidity range
e Studies of the longitudinal expansion of the matter

0.006

;(FTER

0.004 [ centrality 20-30%
0.002

SO

~0.002 PbXe Vs, = 72

A B e e
L PbXe \#l%:?zGeV

F 10 M events (Ldt ~16 ub™)

ALICE, e = -4.7m

L BN L L I
* pion

* kaon

* proton

« antiproton

GeV

-0.004F
- LHCb
P R EURREP PP St i S S
R e R R S R
, .
% « 3" 2w(pr) cos(u(@ — ) LS
T n=1
U.lD_' L L A S B L AL AL L L
[ PbXe |[syy =72 GeV " ]
[ centrality 20-30% ]
0.1, pion o ]
-« kaon ” 7
[« proton ]
o 0.05[-« antiproton n
- L R B B ¥ B S =k
B J lab 7
O- J. " J. daa Lo i
T Heeeees =
_.{ -‘ 10 M events (Ldt =16 ub™)
-0.05 __ALICE, ZTarget =0 . LHCb . __
-1 0 1 2 3 4 5
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Quarkonia (1) ETen

2> Determination of the QGP thermodynamic properties
e Precise measurements of y and Y(nS) states down to 0 p,, in pp, pA and PbA

e Negligible contribution from recombination LHCb-like
5 0 E T Gy T T | AN |} g 5 10° - PbXe, F:?%GeV Jhp
b E szonbg AIfTI:R@LHCsrmE > L:30f1b . w (28)
T T 10
10 E
g —Jiy E
sl . 10°
10° y(28) o
. C - y(s) 3 10°
10
EE - Y(2S) EE 10t E=
10°F S —ves)
F e 3 10°
103:5 | I;‘,;-"" e . 102 ¥ ot .
r = ___.-‘-.“,...- —— . . : 3 .
E S ] N
10° O LHI E 10
E 2 3 AFTER@LHC sim _L -|.
10 |||||||5ir:-r|||||||||||||||||||||-||||||||||||||| 1 I I N T T S T
255 3 35 4 45 5 55 6 65 0 2 4 6 8 10 12
Y., P; (GeV/c)
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Quarkonia (2) ETen

2> Determination of the QGP thermodynamic properties
e Precise measurements of y and Y(nS) states down to 0 p,, in pp, pA and PbA

e Negligible contribution from recombination LHCb-like
OB P S=72GeV T T SiTeRaLicim ] g 2 '
3 [ L=30nb" . AT _
= C i 3<Y <5 ] = - Vo =72 GeV e PbX :
D 1 Hp % e
S2000[- p" > 0.7 GeVie . v - Lppxe=30 nb™! i
g8 I i pﬁﬁ 15—_ Lyxe =2 pb! " pXe g
- . - _ -1 -
%1500_— 7 C £an = 23090 i
8 T . ] (e Hl .
1000:— t _: : :
wof -t : - ]
Ca B4 MRS - - s 5  LHCb-like ]
AL R Ay Bt b et S ! ) I il
09 92 94 96 98 10 102 104 10.6 10.8 11 0 r(ls) T(ZS) T(SS)

M., (GeV/c?)

 Possibility to access . and n, J/v - J/y and )J/y - D correlations
e Very good precision expected for open heavy-flavour as well
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Summar dETen

e Three main physics motivations for a high-luminosity fixed-target program at the LHC:
—High-x frontier: nucleon and nuclear structure and connections with astroparticles
—Nucleon spin and the transverse dynamics of partons

—Quark Gluon Plasma over a broad rapidity domain

e Two promising technical implementations with large luminosities:
—internal gas-target (gas-jet or storage cell)

—beam halo extraction with a bent crystal on an internal solid target

» Based on fast simulations, the AFTER@ILHC study group has made Figure of Merits for
ALICE and LHCDb 1n a fixed-target mode, see arXiv:1807.00603: these studies support a
full physics program

e Investigations/projects in ALICE and LHCb ongoing for the implementation of fixed-
target setup within the CERN Physics Beyond Collider working group

AFTER@LHC Study group:
http://after.in2p3.fr/after
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Physics case: high-x (2) ETen

2> Advance our understanding of the high-x frontier in nucleons and nuclei
(gluon and heavy-quark content) and its connection to astroparticle physics

e Structure of nucleon and nuclei at high-x are poorly known (x>0.5)
* Long-standing puzzles:

* Origin of nuclear EMC effect — studying a possible gluon EMC o — EE%"C”
« Charm content in the proton, existence of possible non-perturbative j o e
source of c/b quarks in the proton — important for high-energy ¢
neutrino and comic-ray physics Bo
* Search and study rare proton fluctuations where one gluon carries E .
most of the proton momentum: test QCD in a new limit never explored " i o E e 7 C
e nPDFs — initial state for HI collisions lllustration of the QCD uncertainties (QCD

corrections, PDF uncertainties,...) on the

0.008 0.08 na X 1.8 ['._” QII’ Ty prompt muon neutrino fluxes
T T T T T T T T T T T T - ) )
Bi s CT14 PrysRev Dga(zmﬁyna%nns 1 1.6+ D87z
[ wswian MMHT14 [EurPhys.J. C75 (2015) 204] HKNO7
Lo NNPDF3.0 [ JHEP 1504 (2015) 040] 1.4H EPPS16 mi motion
i {s=13 Tev 1.2 —

~
T

C £ 0.8-
~,
0.6
0.4+
0.2

0.0~

N3
LI L

[ Relative gluon-gluon luminosity

I in proton-proton collisions
[ as afunction of the produced-system ( g) mass

ro

Adapted from a plot generated with APFEL 2.4.0 Web

gluon-gluon luminosity ratio
o

Gluon for Q =2 GeV
B '”Ii . . saad . ‘e
! ‘ o

10 10* M, [GeV]

10 10° 10" 1
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Physics case: spin (2) ETen

2> Unravel the spin of the nucleon: dynamics and spin
distributions of quarks and gluons inside (un)polarised

L= AT+ AG+ Ly + Ly

nucleons
* 3D mapping of the proton momentum Q) % %\
e Missing contribution to the proton spin: gluon and quark Orbital "
Angular momentum  £Lgq quatkspin - gionspin - quark and ghion OAM
* With a transversally polarised target:
* Single Transverse Spin Asymmetries (STSA) in hard- Ay = 1 ol-gt
Pesr ol + ol

scattering processes, with a transversal polarised
hadron: indirect access to the orbital motion of partons

» Access information of the orbital motion of partons bound
inside hadrons - Sivers effect

* Non-zero quark/gluon Sivers function -» non-zero
quark/gluon OAM

* Test TMD (Transverse Momentum Dependent functions)
factorisation formalism: sign change of A between semi-

inclusive DIS and Drell-Yan
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Physics case: spin (3) ETen

2> Unravel the spin of the nucleon: dynamics and spin A
distributions of quarks and gluons inside (un)polarised 3 = AL+ AG+ Ly + Ly
nucleons

* 3D mapping of the proton momentum G) % %\

* Missing contribution to the proton spin: gluon and quark Orbital >
Angular momentum L4 quarkspin - gluonspin - quark and gluon OAM

* With a transversally polarised target:

* Single Transverse Spin Asymmetries (STSA) in hard-
scattering processes, with a transversal polarised
hadron: indirect access to the orbital motion of partons
» Access information of the orbital motion of partons bound

inside hadrons - Sivers effect
* Non-zero quark/gluon Sivers function -» non-zero ’
quark/gluon OAM
« Test TMD (Transverse Momentum Dependent functions) o
factorisation formalism: sign change of A between semi- A
inclusive DIS and Drell-Yan -;:7:“'::

« Determination of linearly polarised gluons in an -//\.\“

unpolarised proton - Boer-Mulders effect

WEJCF, Jan 2020 B.Trzeciak, AFTER@LHC
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Spin projections op,

e Transversely polarised target
Quark Sivers effect - check the sign change in A DY vs

SIDIS
» 3He target - Sivers effect in the neutron via DY: unique
Gluon Sivers effect:

Vs =

;(FTER

115 GeV

L 4 < M w< 9 Gch
—dM 0 5 GeV/c?

Q. B 2

pp (s=115GeV

i +2<)“h<?

—o—"l(}hh(a’-l

SRS

. . . . Y l“h( -]

- With D’ difference in A of D° vs D°gives A of D’ vs D° IR &
access to C-odd correlators (PHENIX: 1703.09333) o pol p-o0s = ADAM ]
Quarkonia (T never measured) and di-)J/y - access to k, 02 e T 0 e e 0T 0 b

dependence of the gluon Sivers function for the first time x!

g T T T ]

0,2:|--- ] 06:|||||||_1| 0‘8§_4<MW<9G:W<:2 -—2cy <3 _z
0.15F e 0.4 Sff;“;;grv'@vﬁt;:zalymlds eff. pol.P—10.8 3 0‘6§_dM=2GeWc S _

- ; [ ——dk, =1 GeVk Lp =100 ] 8';:_ A<y, <S5 E

0.1F — 0.2 s 2 '|'.|__|_Tr 1 3
L 1> 127 OF--trt-q-pepepgeeeeeeee oo e S S =

=) I P 7 B < .L[ :[]Tr } }

R S S S SR % 3 ot -;
— —V.2™ = F -1 .

0: —=— Stat. unc. projection ] pp!/—— 115 GeV _0‘6__ L=025fb E

. ospSTT Pl P=062003 - B ey 4 —04F - _0_‘85_”eff pol. P =0.7/3 p+He! (s =115 GeV
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QGP: Charmonia Vot o AETER

ALICE-likeGeV

e Determination of QGP thermodynamic properties = PR Bemod T T
. . . . 0] E —8n 1 w E
* Negligible recombination N v :
e p-A: Cold Nuclear Matter effects % ol e ]
e Precise measurements of J/y and y(2S) in Pb-A and p-A S P
e Wide p, coverage down to 0 p, oE | E
L S T .
LHCb-like o e T, L
5, 10— ', ~ T " 1T g 1T F arTERaLic in ALICE T i ik
% 10° é_;{?{eb f Ge;cheLV: 30nb” q;->pf£j'm@wcm £y qsh 5 7:2 GeV’ | | | drmehecn ] k * ) ° ’ ;O(GeV/t:)z

E ? 2T< _]Jli!tL <5 . MEB bk % 14 Lpp = 4"5If3pl‘f)l Jhy v(2S) ] T
5 10F - e © "V Ly =2pb'L gy -30ny'  ®PbXe  EPbXe 100 E T T
% 6 i == cchar b OpXe OpXe i L=30mb! o __
§ " 3 i - - - bbbar 1 + * * : —hy
3 ..l . S --y(28)
O 10 B, - 0.95 < E
£ -M%’ - “y(ts) g
104 = 0.9f + + N Eh ~eY(28) 3
. : 0.85} 3 —Y@s)
E T Himmmes ERRLLLEE b PRI 0.8 # & = 4
102 e ——_ 3
g | | | o | | 0.75¢ P> 0.7 GeVie E
28 3 382 34 385 38 4 0.7l b b b2 Lo
5.5 6 6.5

M,, (GeV/c?) Yiao
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-Flavour

e Open heavy-flavour in A-A - heavy-quark energy loss in ’f_é‘lc
St

medium

e Precise suppression measurements of charm and beat
vs rapidity and p, = medium transport coefficient

e Useful reference for charmonium studies

e p-A: study collective-like effects in small systems
e Precise D meson vV, measurement

» Studies vs y and different target type

(\IOOSI L L
>

T T T I T 7T T T I T T T T ‘ T 7T T T ‘ T 7T T T
p+Pb VSan = 115 GeV, 0-10%

- (b, .

LU 2 =160/pb g

0.03— -

(1,002 Ememet e s # + % s[[] = =

0.015—o <Y <G s =0 —f

rO2<y <25 (yCMS'- 2.3) ]

Lo b o b by v by b b o il

. 1 2 3 4 5 6 7

LHCb-like 5 06V
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quark PDF with Drell-Yan Ve 115 €Ir

e Constraining quark PDF with Drell-Yan measurement

Im act on quark PDF
» Profiling analysis and generating psedo-data UL 9 T 25

Q 13 Gev .u PDF

* Extension of the coverage of the existing Fermilab O

CTl4dnlo prof.

Drell-Yan data; NuSea data statistically limited

e Knowledge of valence quark distribution considerably o |
improved for x > 0.4 (more pronounced effect for u

quark) ;
0.7+
. - CT14nlo .
LHCb-like %80 02 o4 os o8 %80 oz Todos os 1
al . T
Drell-Yan, pp 15 = 115 GeV, 2 < Ylab <5, p > 1.2 GeVie, L = 10 fb! Drell-Yan, pp Vs=115GeV,2< Yl <5, p > 1.2 GeV/e, L =10 fb!
D T e e
—~ 16 & T T T T T T 10°
> ‘AFTEIR@LHIC sim | ! ! T ' S AFTER@LHC sim
e [ o 10° S
=14 [~ evvvwyy g
[ X 10*
10*
107"
10°
vvvvvvv 10°
. 102 10°
. FNAL-E605 102
+FNAL-E866
- FNAL-EB66 D/p
.................... 0 01 02 03 04 05 0.6 0 7 0 8 0 9 1
03 04 05 06 07 08( 0% 10)1 X, (per 0.05)
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quark nPDF with Drell-Yan Do~ 115 €r

e Constraining quark nPDF with Drell-Yan measurement Impact on nPDFs

« Reweigting analysis with pseudo data on Row Roxe

1.6

e Unique acceptance compare to existing DY data
o Extremely large yieldsuptox, -» 1 1.0
e Significant decrease of error for u/d quark distributions o=
0.6
s nCTEQ15 os
LHCb-//'ke 0.0 0.1 0.2 0.3 0.41‘05 0.6 0.7 0.8 0.9 0.0 0.1 0.2 0.3 0.410.5 0.6 0.7 0.8 0.9
Drell-Yan, pXe {s=115 GeV,2<YE‘:<5, P, > 1.2 GeV/e, L = 100 pb™ Drell-Yan, pXe Vs =115 GeV,2<Y:::’<5, p§> 1.2 GeV/e,L =100 pb’!
%16—'Ap5%éééiz}'c's£m""'"'""'"""""""""""" 9 \Wertdrotibam T 10°
S s
= @
£
o 10
107"
10°
8 -
] N 2
» FNAL-ES66 [ 102 10 10
« FNAL-E772 T
% 01 02 03 o04 o.é"b!é"b[i"b!é"b!%”H 0 01 02 03 04 05 06 07 08 09
X, (per 0.10) X, (per 0.05)
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charm PDF (IC) with D

° EXtremer gOOd prospeCtS for Charm DO i K- jr pH collisions at Vs = 72 GeV from Pythia8, DO production, L = 45 pb™
. 1e+10 — T ) T 210" - 3 £
- Down to O p, — total charm x-section s 10 of pp collionsat (=115 GV gLl Fo £
: . § tesos I I B e o §
- Wide rapidity coverage, x. - -1 = g 1 g
) o L . S 1e+06 - — e Same yields for D 1 f]ﬁ}i e §
* High statistical precision in pp, p-A, A-A¢ — I qo i
) g L — 1 W qw
« With LHCb background well under 3 eeme— T I 1 F ElS
control % o s B
. . . 1 ; : ' 1045 3 : i 4
e |ntrinsic charm modifies 0 5o ‘(%ev) e e
. . . T,0°
significantly D meson yields at ) . i
Iarge pT or fO rwa rd rapldlty = Lig=1010""; pp;sqri(s)=115 GeV = Liy=101""; pp; sqr(s)=115 GeV = L =101 pp; sqri(s)=115 GeV
| harm PDF  $"| seanld m |2 ° seuelc m| 5 °[ sorfe C m]
¢ La rgeix'_)t arge charm % s e gncertah;tygﬁ_’hflc - % u,;gnclertaiztygﬁ_'h;lo‘ - _% Mg gnc.ert?iréty gﬁ_':rwtoelll?' -
u ncer a I n y “E‘ B rojecte uncertaimy —] ‘E‘ 6L rolecte uncertamty -—|_ "E 6l rojecled uncertainty -—|_
* Perturbative via gluon ger 29t | 39t : 49t
. . . = S 4L =1
splitting vs non-perturbative £« 12 g
from intrinsic charm 2, g2 -
* Impact on neutrino flux and | %F i PR
CosmiC-ray phySiCS ’ Py p? (GeV) pEEe PfDo(g)ev;E e Pr oo (GeV)
(a) 2< Yeab <3 (b) 3< VLab <4 (C) 4 < YLab <35
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luon NnPDF with heavy-flavour Do 115 Gabr

e Constraining gluon nPDF with D, B and quarkonium measurements
e Almost unknown for x > 0.1; anti-shadowing, EMC effect ?
« Reweigting analysis with pseudo data on R

e Large reduction on the gluon nPDF uncertainty: unique constraints at
large x and low scales
e Other nuclear effects in play: nuclear absorption, ...

25 E L =10 rb", -100 pb! p+Xe Vs ,=115 GeV ] 25 _ "‘ - -1 Xe Vsyn=115 Gey = . T T - . T
o> AT e ;":x"' Phestg W p=10™0 I?,‘-’é"S]mo POy o N ¢ 1.6 [ piXe Vs, =115GeV [ i T 1.6 | piXe Vs =115GeV [t
7 ; 2 Lpp=1016" A L=10f"  /
15 = T 1.5 14 ¢ Lpxe=100pb™" / 14 ¢ ~100pb"
1 ﬂﬂ-( 1 e ——er -t | 1 2 1 2 .
05 N 0.5 Eubmiiihbi R . E .
DY — ' ' ' N 12 1 2 15
AN #F=0.5p Original 25 U=0.5¢5 Orginal 3 | (L i G it
2 5 Reweighted [F3 - 2 Reweighted 1 - 0.8 B 0.8 H
2 15 B Projected uncertainties — 3 g Projected uncertainties e Sl Bl
o : ﬁ'ﬁ = 15 E
oy oy 06f \ 06§ .
05 b o Original =3 Original =3
2 E 5 We=ly 2 N We=Hgy A
1 1 1 1 1 1 04 3 HF=£0Mo o \ 4 04 - HF= '0“0
25 F ; 25 up=0.51y 3 up=0.51y m
o BT ’ I= i . . 2 ) ) )
o 2 . 0 02 04 06 038 0 02 04 06 08
1.5 EE 1.5 i
1B ; "' 1 e Ty i 8 X X
0.5 B E' 0.5 1
R e 8 Impact on gluon nPDFs
-2.5 -2 -1.5 -1 -0.5 0 -2.5 -2 -1.8 -1 -05 0
Yors(BY) Yoms(Y(15)) nCTEQI15
LHCb-like
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;(FTER

Initial state effects with Drell-Yan

Pb-A ,
L . . . Vs, = 72 GeV
e Test of factorisation of the initial state effect in AA collisions NN
e Drell-Yan produced from initial state partons and do not interact with nuclear matter
* |deal to test the factorisation of initial state effects from pA to AA
e Low correlated background, decreasing with 'y __
Y P B B B P S LY " PbiXe, (s=72 GeV APrERarmcsm A
- L=30nb" — DY signal 7 | L =30nb! o
10° = ph > 1.2GeVe = y ranges: . weiens
; 2<Yy <3 T ccbar ; 'g 1021 :‘: gg:: —a— oA _
LT bbbar . o f pve 7 A"\ .-
% 1045_ = E B e e ¢ e -]
= E 3 S - o — ——
S i s [ e ey
Sk T R
-;- E ___—-—__ E g 10°° E . +—-E'-— —Y— -
§ 102 ;—:.'-'-- _._—.__'_—'—_.é E - ;ﬂv;—v— —+ p!>1.2 GeVic .
o = _+_'*'-+-_1__ 3 o i —— O “#e pp>0.7 GeVie |
S ST i s ]
||||||_J:n||| |i_:_-r+{|| | I T N B AR -_J;-T||||||||||||||||||||||||||||||||...
4 4.5 5 5.5 6 6.5 7 7.5 8 4 4.5 5 5.5 6 6.5 7 7.5 8
) M, (GeVic?)
LHCDb-like M, (GeVic)
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Possible implementations dETen

— Internal gas target
* Full LHC proton flux on internal gas target
» Validated by SMOG at LHCD at small gas density
» Storage cell target (HERMES-like) for (un)polarised gases
* Gas-jet target (RHIC polarimeter) for (un)polarised gases
— high intensity beam on gas target (e.g. H', DT, *He', noble gases up to Xe)

» Beam halo 1s recycled directly on internal solid targets Internal gas and solid

Beam line extracted with a bent crvst: target can be coupled with
— Beam line extracted with a bent crystal &
+ Beam halo is deflected by a bent crystal existing LHC detector

* Bent crystal successfully tested with proton and lead beam at LHC by UA9
* Provides a new facility but civil engineering required

— Beam “split” by a bent crystal
* Beam halo is deflected on a solid target internal to the LHC beam pipe
+ Similar fluxes as for beam extraction
— beam halo on dense target (e.g. Be, Cu, W)

Technical implementation currently discussed within the CERN Physics Beyond Collider working
O RO et al. Proceedings of IPAC2018
Physics Beyond Collider Working Group meeting June 2018: https://indico. cern. ch/event/ 706741/
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;(FTER

> SMOG@LHCDb (System for Measuring Overlap with Gas)

 Demonstrator with unpolarized noble gases, so far: He, Ne,
Ar

* Gas injected into Vertex Locator (VELO) vacuum
 LHC vacuum ion pump stations located +/- 20m on both

sides
SMOG vacuum landscape
» Full intensity of the LHC proton and lead beams wﬂ;hout
decrease of the beam lifetime % «——— compensator magnet for LHCh dipole

 Low pressure, P~1.5 107 mbar - limited Iuminos@if\ .
* No p-H beseline, no heavy nuclei SN

ion pump .

(I&\.‘E)ﬂ} \‘}\:’\:,\\'\\ e | IP:VELO (+SMOG)
' \\ . powerful ion pumps
VELO (+SMOG) N

Dynamic vacuum: sketch \i“,-_g ,5' =T
VELO turbo pump ; e
joctn Wh:sr; e SHOG gas mecton VELO vessal i only available ion gauges are far! . A osm i
! 99 L”’ | 19m and 22m from IP (interaction point) 3 i °\, 1on pump
——I Be pipe sections
P> b B : /d___., RF foils (~260-27g) 1>~ Pb [H
* NEG coating on warm beam pipe sections
. : = needed for reduction of 5EY [not much for pumping) .
Lummosﬂy : - Including VELD RF boxes S5 pipe seetions b
. . . . 1= Q1: cryoll warm-to-cold transition!
- Maximum obtained luminosity so far: Zp.Ne@sscev = 100/nb a1
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> Polarised H-jet polarimeter at RHIC-BNL

Measure proton beam polarisation at RHIC

9 vacuum chambers: 9 stages of different pumping
Polarised gas: H, D and He possible

Holding field in the vacuum chamber

Diagnostic system: Breit-Rabi polarimeter

Density

- Polarised inlet Hy flux: 1.3 1017 H/s

- Areal density 9u1 = 1.2 102 atoms/cm? (7-15 x SMOG)

- Higher flux can be obtained for *He; (x100) and H» (x1000)

- Gas target profile at interaction point: gaussian with a full width of ~6 mm

Typical luminosity

- Using nominal [LHC bunch number [2808 bunches for proton and 592 for
lead] and for 1 LHC year [107s proton beam and 10 lead beam]

- ZLpur=4.510%cm2s! [t = 107s: &Lpnp = 45/pb]

- L= 103-10% cms! [t = 107s: Lpaz= 10-100/1b]

atomic beam source

L

polarimeter

|-III'I "" | IIII!-|

;(FTER

cold head

dissociator

isolation
valve

si-pole
magnets

RF transitions

holding field
magnet

silicon recoll
detectors

= RHIC beam

| 4 detector
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Internal gas taraet: storage cell dETen

> HERMES/DESY T-shape internal storage cell target
 Vacuum chamber target ~ 72 cm x 50 cm and pumping ~
system . Fo)
* Polarised gas: atomic beam source \ .

[

» Holding field in the target chamber L
. Diagnos.tic system: target gas analyzer and polarimeter e et T | polarized "H or 2 beam
» Unpolarised gas via capillary nuclear polarization
 Proposal for LHC: €] id
Density
- Polarised inlet H; flux: 6.5 1016 Hy/s v S
- Areal density 9gr = 2.5 1014 atoms/cm? (~100 x gas jet) o ¢
- Unpolarised gas pressure limited by beam lifetime \ L

Gas injected

Y

L

Typical luminosity C. Barschel et al. Adv.High Energy Phys. 2015 (2015) 463141

- ZLom=0.9 103 cem=s! [t = 107s: Lpm = 9/fb]

A pmax
- Lo =12 102 cm2s! [t = 106s: L1t = 100/nb] IS
- Pom=58 108 cm! [t=107s: Lpao= 58/fb] e
- &roxe=3 108 cm=s1 [t = 10%: ZPpb-xe= 30/mnb] e \“
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Slow beam extraction: bent crysta dETen

S.Redaelli, Physics Beyond Collider Kickoff workshop, CERN, 2016

> Bent crystal studies by UA9
* For collimation purpose at the LHC
« Beam extraction: new beam line possible (long-term Experimental
project) apparatus/

* Beam splitting:
* Crystal located ~100 m downstream of the targé

» Solid target internal to the beam pipe close to an
existing experimental apparatus
* Absorber ~100 m upstream the detector

Beam envelope

lllI‘llll
|
W~

..s’[;n]

Extracted proton and lead flux
- Proton flux ~5 x 108 p/s (LHC beam loss: ~10° p/s)
- Lead flux ~2 x 10° Pb/s

Experimental

Typical luminosity | Beam splitting
- Assuming 5 mm target length Target _apparatus

T
- FLpw=1.6 1031 cmZs! [t =107s: Lpw= 160/pb] \ I
- &ro-w=3 10" cm?s! [t = 10%: &Ppr-w= 3/nb]

IIIIIIIIT

Beam envelope

A J ' A L ' J. A 't A4 ' l ' ' " 1 l L ' ' A J L ' L
s [m]
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Possible implementation: ALICE ETen

> Beam splitting with crystal + internal target
 Located at ~1.3 cm from the beam axis

* Pneumatic motion system with two position IN 300

and OUT of the beam pipe inside the L3 solenoid

 Target type: Be, C, Ti, W |
» Discussion ongoing Annual Workshop PBC, June 2018 L=l

> Achievable yearly luminosities:
* With gas target (storage cell)

— L prvmr@liscev = 260/pb, Lpxe@i156ev = 8/pb

— &Lpb-xe@72Gev = 8/nb

« With beam splitting and at
most 5 mm solid target
— ZLp-wailscev = 6/pb ALICE Readout for Run3: 50 kHz in Pb-Pb

— Pro-warcev=3/mb and 200kHz-1 MHz 1 p-p/p-A

WEJCF, Jan 2020 B.Trzeciak, AFTER@LHC



Integrated luminosities: ALICE dETen

ALICE
proton beam ( 4/syn= 115 GeV) Pb beam (+/snyn= 72 GeV)
Target L Inel. rate f . x Inel. rate f £
[cm™2s7'] | [kHz] [cm=2s71] | [kHz]

H' 4.3 x10* 168 | 43pb~! | 5.6 x10% 1 0.56 nb~!
Internal gas H» 2.6 x10°! 1000 0.26 b1 2.8 x10%8 50 28 nb~!
target (gas- | DI 4.3 x10%° 309 43 pb~! 5.6 x10% i2 0.56 nb™!
jetoption) | SHel 8.5 x10% 1000 | 85pb~! | 2.0x10%® 50 20 nb~!

Xe 7.7 x10% 1000 | 7.7pb~! | 8.1 x10% 50 8.1nb~!
B S 3.7 ik 1000 | 3Fpb: | |56 %107 18 5.6 nb~!
e Ti 1.4 x10* 1000 | 14pb: | 2.8 x10° 13 2.8 nb~!

w 5.9 x10% 1000 | 5.9pb~! | 3.1 x10% 21 3.1nb7!

Interaction rate limited to 1 MHz by the expected detector data taking rate
capabilities

WEJCF, Jan 2020 B.Trzeciak, AFTER@LHC




Kinematic coverage: LHCb ETen

e Forward detector with full PID
e Limitation in high-multiplicity event
reconstruction

gas or solid
target

| RICHI

LHCb: 2 < n® < 5

(1) fixed target, Vs, = 115 GeV; (2) fixed target, Vs, = 72 GeV; crgreds
(3) collider mode, Vs = 14 TeV; (4) collider mode, Vs, =5.5TeV,

(5),(6) Vs,, =8.8 TeV
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Kinematic coverage: ALICE

Wamananes

15

o ACORDE | ALICE Casmic Rays Detects
o AD | auce Diffractive Detector

o DCal | orjer Calonmeter

O EMGal | ciectomanetc calormeter
© HwmeD| b b

0O s8]

o ITS-OB | irner Tracking System - Cuter Barrel

g S Iner Barred

@ PHOS / CPV | hoten spectiometes

ALICE: Muon Det.: 2.5 < n'® < 4, @ TOF | ot e Central barrel with full PID
TPC: In®| < 0.9 g B e Muon spectrometer at forward y

| © e e . b o
(1) fixed target, Vs, = 115 GeV; o * No limitation in hlgh multiplicity
event reconstruction

. _ . @ VOs | verro» Desecter
(2) fixed target, Vs, =72 GeV, © 20C | woouses o
(3) collider mode, Vs =14 TeV;
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