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New aspects of storage cell developments for
the polarized internal target at LHCDb
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Institut flr Kernphysik Forschungszentrum Julich
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LHCSpin project

installing polarized gas target in
front of the LHCb spectrometer

for the first time, bringing
polarized physics to the LHC

allowing to probe polarized
guark and gluon parton
distributions in nuclei, especially
at high x and intermediate Q2
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[42] Polarized target
experiments at LHC
by Luciano Pappalardo

guark and gluon parton
distributions in nuclei, especially
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critical component, where the
beam interacts with the gas

due to the LHC beam effects the
cell should be carbon coated on
the inside

carbon coated storage cells
have never been used in such
an experiment
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LHCSpin project

critical component, where the

beam interacts with the gas polarization \

preservation inside

the storage cell
due to the LHC beam effects the

cell should be carbon coated on

> formation of hydrogen
the inside

molecules on carbon

surface /

carbon coated storage cells
have never been used in such
an experiment
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Hydrogen recombination in the ISM?
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Hot molecular clouds
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Protoplanetary disks,
star formations

End of stars, planetary
envelope, super nova

Molecular dense clouds,

direct recombination not
possible

recombination on carbon
dust grains possible, but not
efficient enough
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H, formation on graphite

H
only for low temperature e He M@

polarization ? ﬁ T

251

first atom: 200 meV barrier
second atom barrier free

para state: 1,4 eV desorption
barrier

chemisorpted hydrogen should
lose its polarization

L. Hornekaer et al., Phys. Rev. Lett. 96, 156104 (2006)
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H, formation on graphite

There should be no recombination of

hydrogen molecules inside the storage cell!

chemisorpted hydrogen should
lose its polarization
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H, formation on graphite

excitation of carbon surface with short fs 400 nm laser pulses
induces desorption of hydrogen molecules

R. Frigge et al., Phy. Rev Lett, 104, 256102 (2010)
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H, formation on graphite

excitation of carbon surface with short fs 400 nm laser pulses
induces desorption of hydrogen molecules

R. Frigge et al., Phy. Rev Lett, 104, 256102 (2010)

How do we get large amounts of

photons into the storage cell?
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Atomic beam source

Atomic beam source of the
ANKE experiment

6-pol magnets separate
according to Stern-Gerlach
principle

HF transition units induce
transitions between different
HFS

HFS
WFT MFT SFT | [1) + [2)
WFT MFT SFT | |3)
WFT MFT SFT | [2) + |3)
WFT MFT SFT | |1)

Nozzle cooling system
Temperature range:50-300 K

Movable baffles
Al casting

1st group of 6-pole magnets
Poleip fields are: =
#1 16547 @10/14 mm
# 16847 @16/2 mm
#3 16257 @28 mm

Medium Field
Transition unit (MFT)
Frequency: 58.7 MHz (H.)
Magnetic field: up to~ 2 kG

Central reference plate

stainless steel (t ~ 50 mm) B

2nd group of 6-pole magnets
Poleip fields are:

# 1565T @30 mm
# 16217 @30 mm
# 1621T @30 mm

Strong Field Transition unit (SFT)
Frequency: 1425.2 MHz H.)
Magnetic field: up to~ 3 kG

Weak Field Transition unit (WFT) ~

Frequency: 14 MHz(H.)
Magnetic field: up to ~ 3 kG

=
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Dissociator
Primary flow (H,/D,) range: 1x107 - 5 mbarl/s

_';'.__.
Til| R Secondary flow (0,) range: 1x10° - 0.5 mbar I/s
; / RF power: 0 - 600 W@ 13.56 MHz
3 b
7]
!

P, ~ 107 mbar 1000 am
" g §. P, ~10% mbar .
|
P~ 10" mbar — 00
Pp~10° ‘mbar D

H beam intensity
~ 7.5x1016 at/s

M.Mikirtychyants et.al., NIM A 721 (2013) 83-98

11



Atomic beam source

Atomic beam source of the

ANKE experiment

6-pol magnets separate
according to Stern-Gerlach

principle

HF transition units induce
transitions between different

HFS

HE'S

WEFT MFT SFT

1) +12)

WFT MFT SFT

3)

WET MFT SFT

2) +13)

WEFT MFT SFT

1)

Nozzle cooling system
Temperature range:50-300 K

Movable baffles
Al casting

1st group of 6-pole magnets
Poleip fields are: =

#1 16547 @10/14 mm ‘
# 16847 @16/2 mm
#3 16257 @28 mm

Medium Field
Transition unit (MFT)
Frequency: 58.7 MHz (H.)
Magnetic field: up to~ 2 kG

Central reference plate
stainless steel (t ~ 50 mm) B

2nd group of 6-pole magnets
Poleip fields are:

# 1565T @30 mm
# 16217 @30 mm
# 1621T @30 mm

Strong Field Transition unit (SFT) °

Frequency: 1425.2 MHz H.)
Magnetic field: up to~ 3 kG

Weak Field Transition unit (WFT) ~

Frequency: 14 MHz(H.)
Magnetic field: up to ~ 3 kG

ﬂ. P, ~10% mbar .
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Dissociator

Primary flow (H,/D,) range: 1x107 - 5 mbarl/s
Secondary flow (0,) range: 1x10* - 0.5 mbar I/s
RF power: 0 - 600 W@ 13.56 MHz

P, ~ 107 mbar 1000 am

P~ 10" mbar — 00

H beam intensity
~ 7.5x1016 at/s

M.Mikirtychyants et.al., NIM A 721 (2013) 83-98
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New beam chopper

full beam comes
trough

middle part of the
beam is blocked

Advantages

blocking unpolarized atoms in
the center of the beamline

+ 3% polarization
- 20 % ABS flux

blocking photons comming
from the dissociator

change in the
recombination rate?

13
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ISTC chamber

entrance of polarized 485 beam
gas
BN
Storage Ce” + = Superconductive
. &g Solenoid
superconducting N
solenoid | g
(up to 1 Tesla) }U_L_'— E—
Exciongrd| | / e
. \ / / B par:l\els
e'gun, Crea“ng an Correction STor‘ﬁge Ca;pclm Ion optics
coils ce oi
electron beam for J:
lonization of the gas | | o
0 500 mm

o ) ] R.W. Engels et al., Rev. Sci. Instr., 85, (2014)
exit in direction of the

lamb shift polarimeter
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Storage cell

« T-shaped gquartz glass tube

« similar size as the future cells for
LHCSpin

- for carbon surface a pre coating
with metal is needed

- after ‘Corona delay’, carbon
coating is performed by CERN
workshop in the moment

/.
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Lamb shift polarimeter

mass separation

creation of meta
stable states

HY 4+ Cs - H251/z + Cst

separation of the
different HFS

measurement of
Lyman-a-photons

Beam from
storage cell
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Lamb shift polarimeter

mass separation

creation of meta
stable states

H* 4+ Cs - Hps,,, + Cs™

separation of the
different HFS

measurement of
Lyman-a-photons

Beam from
storage cell

=>

signal of the photomultiplier[a.u.]
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Foreseen measurements

Intensity and polarization of the molecular hydrogen beam

polarization of atomic hydrogen, e.g. P, grs3. as function of magnetic field

M*Pm,o

n Bc,m
e ( B )

Pours3(B) =  AxPgy +

2

recombination rate C

2xM

= kA k~0.18

19



vector polarization p,

Foreseen measurements

Predicted polarization HFS 3, P; o= — 0.9, Py, 0= — 0.9, A= 250
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Predicted polarization HFS 3, Pz 0= — 0.9, Py =0, i=250
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Summery

- experimental setup is similar to
the setup of LHCSpin
experiment

 polarization properties of
carbon coated storage cells will
be investigated

* measurement of the
polarization of atoms and
molecules and calculation of
the recombination rate

+ influence of photons on the
recombination process can be
investigated

»
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(
possible new hints for

understanding the formation of

khydrogen molecules in the ISM
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