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The collider mode at LHC AN,
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ALICE
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The collider mode at LHC &%m
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A fixed-target mode at LHC A

> Energy range Fixed-target Mode
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A fixed-target mode at LHC A

\/E Ej
> Energy range Fixed-target Mode
7 TeV proton beam on a fixed target
~~
c.m.s. energy: +s=.[2m,E ~115GeV | Rapidity shift:
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A fixed-target mode at LHC (2) A

> Effect of boost

7 TeV proton beam on a fixed target

c.m.s. energy: +s=.[2m,E ~115GeV | Rapidity shift:
Boost: 7 =+ls /(2m,) ~ 60 ), 05y 148
2.76 TeV Pb beam on a fixed target

c.m.s. energy: /s, =+2myE, ~72GeV | Rapidity shift:
Boost: y =40 Voms. =02y, =43

target rest frame (Lab.) center of mass system (CM)

yam = 0 (yem > 0)

< => X, = X,

yCm<O
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A fixed-target mode at LHC (2) &

> Effect of boost

7 TeV proton beam on a fixed target

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

Boost: y =5 /(2my) ~ 60

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

2.76 TeV Pb beam on a fixed target

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

Boost: y~40

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

target rest frame (Lab.)

yam = 0 (yem > 0)

< => X, = X,

yCm<O

A e 2

¢ ycms = O
Entire forward hemisphere within 1°

center of mass system (CM)
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A fixed-target mode at LHC (2) A

> Effect of boost

7 TeV proton beam on a fixed target

¢ ycms = O
Entire forward hemisphere within 1°
° ycms < 0

c.m.s. energy: +s=.[2m,E ~115GeV | Rapidity shift:
Boost: 7 =+ls /(2m,) ~ 60 ), 05y 148
2.76 TeV Pb beam on a fixed target

Easy access to (very) large CM
backward rapidity range,

And large parton momentum
fraction x, - 1 (x_ = -1)

el = 512 > 1)

c.m.s. energy: /s, =+2myE, ~72GeV | Rapidity shift:
Boost: y =40 Voms. =02y, =43

target rest frame (Lab.) center of mass system (CM)

yam = 0 (yem > 0)

< => X, = X,

X1 X2

YCM<0
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A fixed-target mode at LHC (2)

> Effect of boost

7 TeV proton beam on a fixed target * Yems

>0

c.m.s. energy:

Js = [2myE, ~115GeV | Rapidity shift:

<
v =Als (2m.) = 60 vy =05y 48§ ° ycms 0

Entire forward hemisphere within 1°

Boost:
2.76 TeV Pb be
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Boost:

targetr
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Advantages of a fixed-targed mode

at the LHC

Accessing high-x frontier

Achieving high luminosities

Varying atomic mass number of the target
Possibility of the target polarisation

y) large CM
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Possible implementations oo

> Internal gas target SMOG2 @LHCb LHCb

Target Cell
Beam pipe VELO vessel

| B

e Full LHC beam flux on internal gas target

* Feasibility demonstrated by SMOG at LHCb

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

e Can be coupled with an existing experiment

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

ELECTRICAL CONTINUITY
BETWEEN CELL AND RF FOIL

FLOATING HALF CELL SUPPORT
CONNECTED TO THE DETECTOR
BOX

STORAGE CELL
SUSPENSIONS

STORAGE CELL

pogs.
£3
£4
£
&
£
£

GAS FEED TUBE IN
THE CELL CENTER

CONICAL TRANSITION

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

BOX
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Possible implementations (2)

> Internal gas target

Full LHC beam flux on internal gas target

Feasibility demonstrated by SMOG at LHCb
Storage cell target (HERMES-like) or gas-jet system
(RHIC H-jet polarimeter) for (un)polarised gases
Can be coupled with an existing experiment

> Internal wire/foil target

Beam halo recycled directly on internal solid target

* As HERA-B and STAR, heavy-nucleus targets

> Beam line extracted with a bent crystal

Beam halo deflected onto an external target
Thick (un)polarised and cryogenic polarised targets
Considerable amount of civil engineering

> Beam “split” by a bent crystal

Beam halo deflected onto an internal solid or gas target
Inside beam pipe of an existing LHC experiment

B.Trzeciak, kcsf2020

Y4

Experimental
apparatus

Wllll

Experimental
Target apparatus

IIII]IIII

Beam envelope

\ | =R

PR T R W S S T T TR NN S S U SR S S S S

| I

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

s [m]




Possible implementations: ALICE AN

> Beam splitting with bent crystal + internal target \’
» Crystal installed prior of the IP2, deviates the beam halo onto a target
* Pneumatic motion system with two position, IN and OUT of the beam pipe
» Various target type: from Be to W
e Target length from ~100pm to 1 cm
* Feasibility studies ongoing

Kevin Pressard, IPNO z=-4700 z=-2750 z=0mm

beampipe section

target holder target

actuator

v ALICE
S
©
ST
NS 4
&I-’ g ¢ V2 K. Pressard (IPN Orsay)
L
5
L O
> 7 2 Gas storage cell target
d § ALICE Readout for Run3: 50 kHz in Pb-Pb * Under study

and 200kHz-1 MHz in p-p/p-A
B.Trzeciak, kcsf2020
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Physics motivations S

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

Gluon nuclear PDF uncertainties in lead nuclei

18— |
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arXiv: 1807.00603 T
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Physics motivations S

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

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

Gluon nuclear PDF uncertainties in lead nuclei
1.8 —— T T T = Gluon Spin Gluon angular momentum

16 nCTEQLS = Quark Spin Quark Angular Momentum
) —— DSSZ

1.4 — HKNo7
EPPS16
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=9
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arXiv: 1807.00603 &
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Physics motivations G

> 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

Gluon nuclear PDF uncertainties in lead nuclei
1l T = Gluon Spin Gluon angular momentum 1“""35:‘”5”‘”"’?‘
1.6 — nCTEQLS | = Quark Spin Quark Angular Momentum
Sl Dssz Deconfined quarks
1.4 — HKNO7 : and gluons
—  EPPS16
1.2+
=}
S~ 1.0+
-~
g 0.8-
S,
0.6+
Critical Peint
0.4+
ool Ll Superconductor
0.0 \GluonforQ?Q GeV M . 1 1 ey~ ﬁ;’;ﬁ?m’
: 3 2 1 1 - _ 0 MeV 900 MeV
10 10 T 10 2 2 AE + &G + -Eg + Lq Baryon Chemical Potential
arXiv: 1807.00603
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High-x PDF and nPDF s

e Structure of nucleon and nuclei at high-x (>0.5) is poorly known, both at low and
high scales

e Intrinsic (non-perturbative) charm (beauty) content of proton ?
Important for reducing uncertainties of the neutrino flux

u quark PDF uncertainties gluon nuclear PDF uncertainties
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Spin of nucleon ey

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

1980s

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

L= AT+ AG+ Ly + L,

quark spin  gluon spin  quark and gluon OAM
25%

> guark/anti-quark: ~30% of proton longitudinal spin
> 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 Lg;4

arXiv: 1807.00603
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Spin of nucleon P,

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

1980s

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

L= AT+ AG+ Ly + L,

quark spin gluonspmn  quark and gluon OAM * Single Transverse Spin Asymmetries
25% (with transversely polarised target) — orbital
> quark/anti-quark: ~30% of proton longitudinal spin motion of partons inside hadron:
> gluons: even up to 40% Sivers effect

* Non-zero quark/gluon Sivers functions

> Missing contribution to the proton spin from the transverse _. non-zero OAM

dynamics of quarks and gluons
gluon and quark Orbital Angular Momentum ZLgq fi= @ _ @ Ay = 1 ol -0t

arXiv: 1807.00603 Sivers
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[
Quark-Gluon Plasma &@’Eﬁ

> 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

© £ Early Universe
=
‘é 1 : LHC Experiments
Baryon chemical potential vs c.m.s. rapidity 8 j
0.4
I PbPb collisions at 72 GeV c.m.s. energy £ Deconfined quarks
I Centrality class : 20-30 % &
C ' and gluons
0.3_—
C 165
s 02 =
S T 12 35,
=2 01 i /
L 0.8 E = Future NICA Experiments
C T “ Future FAIR Experiments
L Critical Point
T vHLLE+UrQMD
ol b b b L b L L Hadron Gas b
4 3 i) 1 0 1 2 3 Superconductor
Yoma. Nuclear
I.Karpenko, Acta Phys. Polon. B50 (2019), 141-148 K= Matter ~_ Neutron Stars

P ] I
900 MeV
Baryon Chemical Potential

arXiv: 1807.00603
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Quark-Gluon Plasma (2)

> 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

2> Precise measurements of soft and hard probes of the

QGP

L L L L AL B B
0.04-PbW \/% =72 GeV e pion .
R ) e kaon |
0.0k centrality 20-30% « proton 1
"I 10 M events o antiproton -
>N O: W
-0.02F .
[ ALICE,z, . =-47m ]
—0.041 LHCb —_
l Ll l T T L1 I
—1 0 1 2 3 4 5

T‘Il.alb

arXiv: 1807.00603

Temperature

Early Universe
1 I LHC Experiments

1

Deconfined quarks
and gluons

Future NICA Experiments
Future FAIR Experiments

Critical Point

Hadron Gas Superconductor

Nuclear
Matter Neutron Stars

P 1 (|
900 MeV
Baryon Chemical Potential
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Summar = A

> AFTER@LHC: high-statistics measurements in an energy domain
between the SPS and top RHIC, in an unexplored rapidity domain

2> Three main physics motivations:
> High-x frontier: nucleon and nuclear structure
> Spin of the nucleon and the transverse dynamics of partons
> Quark-gluon plasma over broad rapidity domain

> Experimental implementation possible based on the existing LHCb and
ALICE detectors, two promising technical implementations:

> Internal gas target
> Beam halo extraction with a bent crystal on an internal target

A Fixed-Target Programme at the LHC:
arXiv: 1807.00603
Submitted to Physics Report
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Summar = A

> AFTER@LHC: high-statistics measurements in an energy domain
between the SPS and top RHIC, in an unexplored rapidity domain

2> Three main physics motivations:
> High-x frontier: nucleon and nuclear structure
> Spin of the nucleon and the transverse dynamics of partons
> Quark-gluon plasma over broad rapidity domain

> Experimental implementation possible based on the existing LHCb and
ALICE detectors, two promising technical implementations:

> Internal gas target
> Beam halo extraction with a bent crystal on an internal taroet

A Fixed-Target Programme at the LHC: u -
arXiv: 1807.00603 o
Submitted to Physics Report | a n

grant number: GJ20-16256Y GRANTOVA AGENTURA CESKE REPUBLIKY
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Detector requirements Ao

lab

EPOS simulations

1/N,,5 dN_ /dn
2
I

R
T
—
L .

Fixed-target

0-10% _

O 1 2 3 4 5 6 7 8 9 10
Fixed-Target mode, |s, =72 GeV (|

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

- . Pbbeam, Xe target, cent. 0-10%

—— — Pbbeam, 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%

B.Trzeciak, kcsf2020

Wide rapidity coverage of backward and
mi-rapidity in y

c.m.s.

p beam:y,_, range O - 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

Polarised target requires space e.q. for
pumping system




. . ! [}
Spin projections &L@En

e Transversely polarised target 1 ol — ol
* Gluon Sivers effect: AN = s : ]
- With D’ difference in A, of D° vs D°gives A of D° vs D° off 07 + 0
access to C-odd correlators (PHENIX: 1703.09333)
« Quarkonia (T never measured) and di-)J/y - access to k,
dependence of the gluon Sivers function for the first time
0.2_|||||||||||||||||||||||| T T T O~6_""|""|""|""|""|""|'"'|""|""|""_
 Yos ™ 225. PHP Vs =115GeV  SIDISI ] © Stat, unc. projection eff. pol. P = 0.8 1
0.15 . 0.4 e 4 bins with equal yields I =10t i
u . [ ——dk,=1GeV/c 2 ]
D.l:— —: 0.2 -]
- L %: g C .
S0k IR O 8 N N O S ——
) " ~0.2F -
i roosson o emDamT s ae |
—0.05 PR TSRS S UHEP 09 2016)] —0.4F -
CL,=10f" =e- g [pos. bound) ] 2 n P— . : 5
3 T | R B R RS RS S _ bbb b b b b by b by
015 1 2 4 s 6 005 T Is 2 a5 3 a5 4 ws s
p, [GeVic] kY [GeVic] ,
arXiv: 1807.00603 LHCb-like
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charm PDF (IC) with D B

° 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

arXiv: 1807.00603
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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, ...

5E L =100, 100 pb!  p+Xe V=115 GeV ] : 10 - B Snne= E . TR r . T
2; i Iépi)(e pb._BaXe Sy e 2: p=101b ,E:_,#S]mo Pb, _BiXe \syy=115 GeV 1.6 Fpke i s Gov T I = 1.6 FpoXe Vo115 GV I
i ; Lpp=101b" : Lyp=1010"
15 i T 1.5 14 ¢ Loxe=100 pb! \fx 14 ¢ ~100pb"
1 ﬂﬂ-( 1 e ——er -t | 1 2 1 2 .
05 BRI 0.5 EU T e oF _
DY — ' ' ' N 12 1 2 15
T =051y Original 25 =055 Original 3 :E:m i >Ecm "
2 5 Reweighted [F3 - 2 Reweighted 1 - 0.8 B 0.8 H
o 15 o Projected uncertainties +e y Projected uncertainties e ) y ) B
£ 15 £ 18 -
o o
1 0.6 : 0.6 .
05 b 01 Original =3 Original =3
2 B 9 Wp=llg B3 S We=Hgy A
I I I I 1 I 0.4 ¢ HF=£0MS o \ 2 04 ¢ HE= '0“3
25 F ; 25 up=0.51y 3 up=0.51y m
) e 2 0 02 04 06 038 0 02 04 06 08
1.5 EE 1.5 i
1B ; = é 1 A S S—— o - X X
0.5 Bl E‘ 0.5 E
e T : Impact on gluon nPDFs
-2.5 -2 -1.5 -1 -0.5 0 -2.5 -2 -15 -1 -0.5 0
Yoms(BY) Yems(Y(1S)) nCTEQ15

LHCDb-like arXiv: 1807.00603
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Quarkonium measurements J(/m

> Determination of the QGP thermodynamic properties
e Measurements of y and T(nS) states down to 0 p., in pp, pA and PbA

e Negligible contribution from recombination

o™ T LI L LR | LI L LI LI | < ! ! ! I ! . ! I ! ! ! ! ! ! I ! ! ! I ! ! !

©25001~ Pb)}e, =72Gev ! L AFTER@LHC sim ] % 107 EP bXe, \s =72 GeV — N — o j
° : o E Lism v E
2 L= 3()an- ey s i 3 f --- ¢ (29) ]
2000 i N O“;: i - o~ 10°F - X(19) E
< r br > reVic - Eﬁ_ = I A Y(2S) G
§ - . > 10° —-Y(39) E
£15001— — T F 25<Y,, <4 i
3 F ] 10 el ) E
r i i o - ]
10001~ ' — 10°E E

C S ] 107 e 5

500 : : v - SO .
SR IS N R : LI L E
0;.; PN T s CO - T, T 1: AFTERGLEC sim ALICE | ey e 3
95 5a 9 B 0 105 104 305 T08 M > m 3 3 10 12

2
HELAC-Onia+Pythiag simulations LHCb-like Mu (GeV/c) HELAC-Onia+Pythia8 simulations ALICE-like Pr (GeV/c)

Few Body Syst. 58 (2017) 5, 148
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Quarkonium R, A

e Precise measurements of charmonium states vs rapidity
e Measurement of the 3 T(nS) state suppression

m"“--' 15 I lﬁl=l 7I2 IG;];' T l .;F}E}I(éi;fclsml: %: 2_ I i
3 1.15f ] - =72 GeV .
3 L, = 250 pb” Jhy v(2S) &l - (o e PbXe ]
o Vo 2pb'L o —30nh’ ®PbXe  mPbXe ] 4 . Lpbxe=30 nb™! ]
pXe PbXe ﬁ 1 S — I -2 pb’! u pXe ]
1.05p OpXe OpXe o7 - pXe = < P .
1 . ~ _ : ‘EPH =250 Pb_]‘ :
0.95 o > 1: ** H :
0.9} ] - i
t t * I ]
0.85} 0.5 b
0.8 i - = C ]
A -3 5  LHCb-like 7
0.73 P> 0.7 GeV/e 0 F 7 S | ¢ | 7
0-72 1_1 1 I2!5I 11 1 é 11 1 I3-|5I L1 L A 1 11 I4-I5I 11 1 5 r(ls) T(ZS) Y(SS)
HELAC-Onia+Pythia8 simulations LHCb-like Yia HELAC-Onia+Pythia8 simulations LHCb-like
 Possibility to access y. and n, J/y - J/y and J/y - D correlations Few Body Syst. 58 (2017) 5, 148
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Open HF in small systems J(/m

2> p-A collisions: cold nuclear matter effects, collectivity in small systems, QGP ?
2> Simultaneous measurements of D meson elliptic flow and nuclear modification factor,
in different systems

0- 10% centrallty 0-10% centrality
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Pythia8 simulations ALICE-like Py (GeV) Pythia8 simulations ALICE-like

e ALICE: target at z = -4.7 m, with 1cm long solid targets

2> Similar precision expected in 10-20, 20-40% centrality intervals
> Quarkonia and HF p can be studied with ALICE muon arms at: -1.6 <y, < -0.5

B.Trzeciak, kcsf2020




-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
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Possible implementation: ALICE AN

> 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 z position< 4.8m

S

> Gas storage cell target <)
* Under study z=-4700 z=-2750 z=0mm E

A-side
-
g =
rd Targetz=0 Yems.
4 — —— Targetz=-2.75m

......... Targetz =-4.7m
LHCb, targetz=0
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Possible implementation: LHCDb Py,

> 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)

> J/w 'y Y(IS) ' W*’ A
= - (O] \ : ; i
~, r
= - y =z !
s e e =z -
e - - @ :
i N
A . \\ \\
" ,.r'/ /’/ \\\\ \_\
gas or solid / / I
1/ Si 7 § & N .
target . . car HCAL Ma M5\ -
h Magnet SciFi RICH?2 o
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 < n,_, <5

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

upgrade

B.Trzeciak, kcsf2020
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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

SMOG@LHCDb

System for Measuring Overlap with Gas

VELO (+SMOG)

Dynamic vacuum: sketch

VELO t
O lurbo pump SMOG gas injection
VELO vessel

(closed when not
injecting gas) [,’_‘
_Pb

<=
P ij m RF fols (~260-270jg) P
y T
V!O ion pumps (off when injecting gas)
* Unpolarised noble gases
* Gas injected into vertex locator

(VELO) vacuum
* Low gas pressure

Target cell for polarised gas

HERMES-like

LHC beam

b—l atomic beam

(feed tube

g () beam tube

b

capillary

High pressure

Polarised H
* Unpolarised

and D (®He)
Kr, Xe

H-jet system at BNL-RHIC

cold head

dissociator

isolation
valve

sii-pole

magnets
RF transitions

holding field
- magnet

silicon recoil
detectors

RHIC beam

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

L/
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