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Motivation

Structure mapping @ ELSA and Crystal Barrel detector

- Double polarization experiments

- Modell independent partial
wave analysis

- Complete experiment

d d .
—=(8,¢) = == (8) - [1 = pi"2(®) cos(2)

Photon Target + pf - (—p)l,inH(@) sin(2¢) + p)sirCF(@))
ey e | —pY e (+0fP(0) cos29) — T(9))
unpolarized| o
linear (- H (-P) (-G) _nZz.(_ linG 0) sin(2 + circE 0
circularly | 0 |F 0 (-F) Pt ( Py (©) sin (]5) Py ( ))]

Collaborative target group: Dubna/Mainz/Bochum/Bonn (2015 — 2022)
‘Mainz/Dubna frozen spin target’ + internal ‘holding’ coil(s)
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State of the art set-up: horizontal fro

Run-time polarized target (cold cryostat)

2017 (long. polarization) ~ 800h b.o.t.

- max. pol: p, = 63 %, (butanol, TEMPO)

> 1~1300h (@0.4T,1~108s),P ~56 %

2018 (transv. polarization) ~ 1000h b.o.t.

-  max. pol: p, =83 %, p. = 87 % (butanol, porphyrexide)
> 1~500h(@0.4T,1~108s),P ~78%

2018 (transv. polarization) ~ 800h b.o.t.

- max. pol: p, =76 %, p_ = 71 % (d-butanol, trityl)

> 1~700h(@0.4T,1~108s),P ~70%

2019 (transv. polarization) ~ 500h b.o.t.

-  max. pol: p, =84 %, p. = 83 % (butanol, porphyrexide)
> 1~800h(@0.4T,1~10%s),P~77%

2021 (transv. polarization) ~ 440h b.o.t.

-  max. pol: p, =78 %, p. = 77 % (butanol, porphyrexide)
> 1~700h(@0.4T,1~10%s),P ~74%

2021 (transv. polarization) ~ 500h b.o.t.

-  max. pol: p, =63 %, p.= 75 % (d-butanol, trityl)
> 1~500h(@0.4TI1~108s),P~68%
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zen spin target and internal holding magnet:
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Motivation

State of the art set-up: horizontal frozen spin taget and internal holding magnet:

90 T
Target (T == 200 mK) Conlinulous—Mode Igcla;izing J—
85 ooling —
Measuring ------

80 . . Frozen-Spin-Mode

75

. Mean polarization -

70

Polarization %

Horizontal Dilution-Cryostat

with internal holding coil Target (T ~ 30 mK) 65

..I'n i 60

56

— _ d____'_'_.
—— holding coil 0
i
”li Time

Crystal-Barrel Detector

Frozen spin target: » Set-up: external polarizing magnet (2.5 T), internal holding coil (0.6T)
» Advantage: large angular acceptance, 4nt detector
» Disadvantage: loss of polarization, complex handling, limited beam intensity
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Motivation
Shrink the external magnet to the dimensions of the internal holding coil:
go | 1 I I
Targ (T = 200 mK) Continuous-Mode Polarizing —
85 Cooling — ]
Measuring ------
/. - . 80 ““-‘.Frozen—Spin—Mc-de ]
. \ — _DE 75 Mean polarization -
"_% 70 —
Horizontal Dilution-Criygstat N &£
with internal holding cdj Target (T ~ 30 mK) 65 _
:I'l II |I / : 60 ]
hlglnllcf_ing coil 0
Crystal—léarrel Detector
4-Continuous-Mode Target
Combines the advantages of high polarisation and the large angular acceptance
Key element: Internal magnet with the same magnetic properties as the external magnet
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Research Objectives Task1: high field, thin s.c. magnets

Polarized solid state target (DNP @ 0.2 — 0.3 K) (horizontal dilution refrigerator)

Polarization vs MW-Frequency
T T T T T T T T T T

> high mag. longitudinal field for DNP (Byyp ~ 2.5 T) -
» good homogeneity for DNP AB/B < 10 f
> thin as possible (like holding coil) < 2mm

—e— DBut-D26-norm | |
—+— Butanol-norm

0.5+

» passively cooled

41 — continuous mode target (what do we gain?):

normalized polarization
o

» good angular acceptance (~ 4n)

> high luminosity L ~ 1033/cm?s1 (N =~ 1019/s) [N < 108/s] _

> high mean polarization (P, ~ 90%, P4 ~ 85%) [P, ~ 75 %] e
>

good beam time efficiency

| 1 1 1 | 1 1 1 | 1 1 L | 1 1 L N
69.8 70 70.2 70.4 70.6
f/GHz
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Research Objectives Taskl: 6 Iayer 2. 5T polarizing magnet
| Internal polarisation magnet - Field calculation

)
g
S

B N
8 ]
T—phr——= e e e g s | et —
=
‘.
= T
| | L == 2000 target area
—

Biot-Savart-Law:

AB,/B, ¢ [10 ]

Coil carrier (cupper core)

RO

5() = 20
B =% ] oo —=)P

/(v(t) — %) x 24

x[mm]

Loop parametrization:

5 = (rcos(t), rsin(t),n - d)

r: radius of each loop
n - d: loop position
d: effective distance between 2 wires

DNP requires AB/B < 10 .
R-DRETRE T Inverse notched coil

z[mm]
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Research Objectives Taskl: 6 layer 2.5T polarizing magnet

» Small superconducting magnet (solenoid 150 mm x @45 mm x WT 1.8 mm), high field (B=2.5T) and
high homogeneity (AB/B < 104, 20 x 20 mm)

» Wrap thin s.c. wire (254um) with high precision (orthocyclic, wet winding), 6 layers 4 590N + 2*9N

» Displacement < 2.5um

’

s.c. wire & = 254 um

Not commercially available
Custom made high precision winding machine fulfill the requirements (MS63)

Co financed by a collaborative SME research project (BMWI, ZIM) with CryoVac (Germany)
and Physics Institute University Bonn

Y V VY

MS63: High precision winding machine for thin superconducting wires: https://www.polarisiertes-target.physik.uni-bonn.de/files/internalreportmilestonewindingmaschine.pdf



https://www.polarisiertes-target.physik.uni-bonn.de/files/internalreportmilestonewindingmaschine.pdf

STR@

NG | 2
P Status of JRA10:CryPTA )
. ) 1

*

Task1 PT UBO | D, -

B boskouie
TARGET BONN

Research Objectives Taskl: 6 layer 2.5T polarizing magnet

Why is it so important to do a high precision winding

T i T T T T

— T —

: : Prototype 1 at65A +

2 Constant density calculation |
: : Varying density calculation

1.6 frroeeeeines

Magnetic field B/ T

1 jr < Notches > +
/T I R I N
-80 -60 -40 -20 0 20 40 60 80

Position z / mm
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Research Objectives Taskl: 6 layer 2.5T polarizing magnet

Why is it so important to do a high precision winding

T T ' T '

i | | T

Iz=115,5mm, mag. 226,702669 _ : : Prototype jat65 A +
‘ ' 2 Prototype 2at 60 A X |7

: : Constant density calculation

Varying density calculation

@ For reaching the calculated homogeneity of % < 1074
Get every wire into its calculated position

¥i

z=1 03,rm, mag: 226.7()£q69

i
b 3

Magnetic field B/ T

@ Actually wiring procedure results in smaller fluctuation < 1% of the effective distance

1 Y R E E ..... ...(_,_,_,_.Notches .._._._._._)...
L I R i L

-80 -60 -40 -20 0 20 40 60

Position z / mm
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Research Objectives Taskl: 6 layer 2.5T polarizing magnet

Why is it so important to run @ 1K

Estimation! and measurement of the critical current /.(B)

1L. Bottura, A practical fit for the critical surface of NbTi

Y T ¥ L T ¥ v M I . M h Ll
1 / ——BoturaT=4.2K | T | B. | I.
1l ; —— Bottura T = K 3 K i )
! ———BofturaT=2 K
1004 —Bottura T=3K 1K | - 42K 1.86T 69 A
====Bottura T=3.65 K @
1 —I(B) 5
B Quenchpoints £
® Manufatura’s data CB
< 1K 25T 101 A
Tg 4.2K 1.9T | 70.7A
]
E 35K | 2T 74 A
a
M ~35K | 25T | 70A
y 10 9produced with an additional external field
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Research Objectives Taskl: 6 layer 2.5T polarizing magnet

Tests in “He Kryostat: 6LID at 1K

Polarisation of Li®D
002 e T T e T T e e T e T T e
: : s : . : Ext. magnet  + :
Int. magnet

0

PR WU SN U S T | AU N S S
. ) z 0:04 |l ><+X .............................................................. A

» As thin as possible L s :

N 2 Inte:rnal magnet: X Extgrnal magnet:

— Overall thinkness < 2mm 2 el FWHM=72ekHz 1 oo vD 0 FWHM = 6.07 kHz
— Passively cooled ) P f @ | jmeg 0
|nterna| mag net With BO — 2.5 T @ 90 A @ 1 K J0:08 | .............. ................ .............. :i:: ............... ............... ............... _
AB —4
By < 107 @ 1/40V yeral P (N U W T — 0L WO DN W S 1

Building process by wet wiring (with epoxy)

13.03 13.04 13.05 13.06 13.07 13.08 13.09 13.1 13011  13:1

vy VvV Yy

Precondiction: Homogeneous (orthocylcic) wire Frequency / MHz

pattern! » A proton and a deuteron target could be
dynamically polarized with an internal magnet
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Research Objectives Taskl: 6 layer 2.5T polarizing magnet

Tests in “He Kryostat: 6LID at 1K

Polarisation of Li®D

002 e T T ]
: : : : : Ext. magnet
In;t. magne?
-0.02
. ] 2 20004 [awmn .............. ............... .............. E)i ....... :S ............. ............... .............. ............... A
» As thin as possible g ; - - ' ' ;
N 2 Intgmal magnet: : : : x : Ext;ernal magnet: :
— Overall thinkness < 2mm 2 ooe L. FWHM=726kHz . - . FWHM=607KkHz |
— Passively cooled ) T PR T R
» Internal magnet with By = 2.5T @ 90A @ 1K 008 oo B8 ]
AB —4 0§ F f lsmE
> By < 10 @ 1/40 Voverall e e— S N— - S— AN—— LT - S —— — |

For operating an internal magnet

Two (electrical) stable and low heat generating current leads are necessary
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Research Objectives Taskl1: 90A hybrid current leads

] NC

LTS -

P Refrigerator environment
ower
supply

QFourier T QJoule

Vacuum
feedthroughs

(room temperature | warm region . medium region . cold region
1 1 1
290 K 55-80K 1-15K
Problems with hormal conducting (NC) current leads:
" — T L B R AL
_ _ . TR=290K ——— 3
» Large heat load on the cold region due to Fourier’s law p o T: = 77K 3
T Th= 55K E
» Additional heat load due to Joule heating when % ' :VTEV?T‘V-S;?XK» e
energising the magnet = ‘ \\ E
» Cooling of magnet and current leads only by g N
conduction o N ‘ A
N S TS TSRS S SN A S |
» Large heat load can lead to a quench of the low 100 150 200 250 300
temperature superconductor (LTS) / magnet Temperature T, / K

R.
McFee, “Optimum Input Leads for Cryogenic Apparatus, Rev. Sci. Instrum. Vol. 30,
American Institute of Physics, 1959

» There exist a minimum heat flow with Qpourier = 0
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Research Objectives Taskl1: 90A hybrid current leads

HTS LTS

] NC

Power ,.............................-.............................................R.‘?fr.'9.":[‘2‘39!.‘2.”.".'!9.”.[’19!‘}..-.

feedthroughs — emmmmmmmm s e e e e e e e e e e e e e e e e e e e e e 4
‘room temperature | warm region . medium region . cold region
1 1 | |
290 K 55-80 K 1-15K
Problems with normal conducting (NC) current leads: Solution for the cold region:

» Large heat load on the cold region due to Fourier's law  p Thermal decoupling between warm and cold

» Additional heat load due to Joule heating when region/LTS
energising the magnet » Can be archived by using a high temperature

» Cooling of magnet and current leads only by superconductor (HTS, here: BSCCO)
conduction » But nontheless: Heat load must be minimised up to

» Large heat load can lead to a quench of the low the NC-HTS junction for not quenching the HTS

temperature superconductor (LTS) / magnet

» There exist a minimum heat flow with Opourier =0

. Status of JRA10:CryPTA, Task1 PT UBO | CryPTA2022 Annual Meeting
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Research Objectives Taskl1: 90A hybrid current leads

vacuum : optimized brigdes refrigerator environment
feedthrough : outer cooling shield \
| to magnet
ower e s e e s e s el e 29
P | [ — 0000 — 2000000 — 12000000) — |Z000000] — terminal
supply

|
I
I
: precooling units
)
)
)

[ — Oy — iy — iy — sy~
L L T L [ to magnet
= . terminal

)
| . < < 7 = <
: braided Cu tape \ heat sinks / conductor / HTS

Block scheme from a CFD-simulation for minimum heat load on NC — HTSC junction

I T R T e |

» Braided flexible copper tape (A = 25mm?, L = 1.4m) » Bridges are designed for minimising thermal

, , _ conduction from one sink to the next when energised
» 3 (turbine) heat sinks / copper-(half) rings for each

terminal (A = 260 mm?) » Thermal decoupling between the heat sinks (McFee)

» Ring-conductorss are connected by bridges
(A= 1.5mm?, L =4cm))

. Status of JRA10:CryPTA, Task1 PT UBO | CryPTA2022 Annual Meeting
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Research Objectives Taskl: 90A hybrid current leads

minimum heat load NC — HTSC junction for the Bonn dilution refrigerator

Final test still pending due to super leaks in the refrigerator
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Horizontal dilution refrigerator with int. high field pol. magnets

New horizontal dilution refrigerator for polarization experiments with Crystal Barrel detector @ ELSA
build by cryogenic department of JINR (Dubna)

Test set-up in the PT- Iaboratory Central beam line
HH Target insert for fast and easy target exchange

Designed for various magnet configurations
> T..<30mK, TDNP ~ 250 mK
> 1., ~40A

—> Delivered fall 2020, assembled and first 1K tests in summer 2021, commissioning planned for spring 2022
—> First polarization experiment @ ELSA planned for fall 2022 using the combined sc.coil configuration
- Foreseen for pol. experiments using active polarized target technology
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TARGET BONN
New horizontal dilution refrigerator for polarization experiments with Crystal Barrel detector @ ELSA
Build by cryogenic department of JINR (Dubna)

» new Dubna dilution refrigerator is unable to cool high current leads (I, ~ 90A @ 2.5T).

» a 8-layers magnet will be wound soon on the new winding machine.
» N=5116, 8 Layers 4 634 + 2*11, 2.5T @ 68.6A/1K, thickness 2.4 mm

> F,=70GHz! AL10:1)
» Current leads has to be adapted to the refrigerator! N EE ' blank cu-carrier
— test winding with blank cu-wire
TV—— &
B (10
For first double polarization experiments at CB-Detector: | SRR
Combined longitudinal and transverse holding coil for the new = L_W
Dubna dilution refrigerator (step back to standard frozen spin 0265

set-up)
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Research Objectives Taskl: combined holding magnet system

Combined longitudinal and transverse holding coil for the new dilution refrigerator for a variable
polarization direction in plane (Milestone MS64)

Cu-support (cooling)

Longitudinal field: solenoid (outside)
- 4 layers 4 N590
2> | ~32A

max

> B, ~052T
Transverse field: race track like dipole (inside)

Fieldmap @ z = 0 mm (Inorm = 30A)

- 2xN525 /*"‘\
2> 1..,~30A

max 08

9 Bmax ~ 0.50 T 07

oy

» Precision wet winding of a solenoid is a well established technique.*Z; .

» Wet winding of race tracks with thin superconducting wires has to ’
be improved to guaranty high performance at minimum thickness

» Problem: inhomogeneous glue distribution within the coil package

» New wire feeding device is under construction
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Research Objectives Taskl: 1K magnet tes

Small superconducting magnet designed and build for DNP in a
dilution refrigerator (magnet operating parameters: 90A @ 1K)
For test measurements (performance tests) of the magnets a
simple 1K test facility is required

- New “He evaporation refrigerator is under construction I
—> Fits into the external high field DNP-magnet (B,,_, = 6.5T)
- Variable temperature range (1K — 70K)
- Large low temperature volume (500 mm x @75 mm, 2.2l)
- Flexible and open access via insert tube

- (already) available magnet test insert
—> Current leads (I, =100A)
- Field measurement (mapping) by pulsed-, cw-NMR, Hall-probe
- Equipped for DNP (50 — 140 GHz)

4He evaporation refrigerator for magnet tests: https://www.polarisiertes-target.physik.uni-bonn.de/files/InternalReportEinNeuer4HeKryostat translated.pdf



https://www.polarisiertes-target.physik.uni-bonn.de/files/InternalReportEinNeuer4HeKryostat_translated.pdf
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Horizontal dilution refrigerator with int. high field pol. magnets

New horizontal dilution refrigerator for polarization experiments with Crystal Barrel detector @ ELSA
Build by cryogenic department of JINR (Dubna)

Central beam line

Target insert for fast and easy target exchange
Designed for various magnet configurations
> T.,<30mK, TDNP ~ 250 mK

2> l,,~40A

Test set-up in the PT=lab6ratory
/ g - = \\W \

—> Delivered fall 2020, assembled and first 1K tests in summer 2021, commissioning in spring 2022
—> First polarization experiment @ ELSA planned for fall 2022 using the combined sc.coil configuration
- Foreseen for pol. experiments using active polarized target technology
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Summary

Key technology to improve the polarized target performance:
* increase the luminosity, FOM and availability
e gain to new polarization observables

Scheme has been proven @ 1K, 2 Tesla

With the new refrigerator from Dubna and the cooperation with
Mainz/Bochum PT-groups
we hope (realistic, we don’t know when) to realize the
‘41t continuous mode target concept’
for real photon double polarization experiments at ELSA and MAMI (soon).
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High precision winding machine

Wet winding of a rectangular coil




