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Recent activities of the Bonn Polarized Target Group

Cooperation of four partner institutions within the 
European Horizon 2020 Joint Research activity 

CryPTA: Cryogenic Polarized Target Applications:

UBO: Marcel Bornstein*, Hartmut Dutz, Stefan Goertz, Sascha Heinz, 
Victoria Lagerquist, Stefan Runkel* 

RUB: Gerhard Reicherz

JGU: Andreas Thomas, Mike Biroth

RBI: Milorad Korolija

Content & Acting people

− Motivation

− Recent experiments

− High field, thin s.c. magnets for DNP

− Combined field magnets

− Conclusion

Russian collaborators (JINR Dubna):

Nicolai Borisov, Alexander Neganov, Ivan Gorodnov, Anton Dolzhikov, 
Andrey Fedorov, Yury Usov
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Recent activities of the Bonn Polarized Target Group

Motivation
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Recent activities of the Bonn Polarized Target Group

Motivation

Our goal since 55 years:
maximizing

‘Figure of Merit’: 𝐹𝑜𝑀 = 𝑛𝑇 𝑓
2 𝑃2

Luminosity: ℒ = 𝐼 𝑛𝑇
by optimizing the target ingredients for

new and innovative polarization experiments
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Recent activities of the Bonn Polarized Target Group

Motivation

Structure mapping @ ELSA and Crystal Barrel detector

→ Double polarization experiments
→ Modell independent partial wave analysis
→ Complete experiment

𝑑𝜎

𝑑Ω
Θ,𝜙 =

𝑑𝜎

𝑑Ω
Θ ∙ ቂ1 − 𝑝𝛾

𝑙𝑖𝑛Σ Θ cos 2𝜙

+ 𝑝𝑡
𝑥 ∙ −𝑝𝛾

𝑙𝑖𝑛𝐻 Θ sin 2𝜙 + 𝑝𝛾
𝑐𝑖𝑟𝑐𝐹 Θ

− 𝑝𝑡
𝑦
∙ + 𝑝𝛾

𝑙𝑖𝑛𝑃 Θ cos 2𝜙 − 𝑇 Θ

ቃ− 𝑝𝑡
𝑧 ∙ − 𝑝𝛾

𝑙𝑖𝑛𝐺 Θ sin 2𝜙 + 𝑝𝛾
𝑐𝑖𝑟𝑐𝐸 Θ

Tagged (polarized) photon beam + large acceptance detection system
→ Horizontal frozen spin target: DNP@2.5T, 300mK → DT@30mK + internal ‘holding’ coil(s)

Domain of the Bonn accelerator facility: real (tagged) photon physics
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The official Set-up picture (1998 GDH @ Mami)

Recent activities of the Bonn Polarized Target Group

Motivation 

2003: first experiment with trityl complex

2014: End of lifetime of the refrigerator due to a super leak

(1990 – 2014)
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Recent activities of the Bonn Polarized Target Group

Recent experiments – Bonn/Mainz/Dubna set-up

CBELSA/TAPS horizontal frozen spin target and internal transverse or longitudinal holding magnet

To continue the program in Bonn we have on loan the Mainz/Dubna refrigerator
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Recent activities of the Bonn Polarized Target Group

Collaborative target group: Bonn/Dubna/Mainz/Bochum (2015 – 2021)
‘Mainz/Dubna frozen spin target’ + internal ‘holding’ coil(s)

Polarization history plot
p/d-run 2018

Run-time polarized target (cold cryostat)

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

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

→ t ~ 1300h (@ 0.4 T, I ~ 108/s), തP ~ 56 %

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

→ max. pol: p+ = 83 %, p- = 87 % (butanol, porphyrexide)

→ t ~ 500 h (@ 0.4 T, I ~ 108/s), തP ~ 78 %

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

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

→ t ~ 700 h (@ 0.4 T, I ~ 108/s), തP ~ 70 %
2019 (transv. polarization) ~ 500h b.o.t.
→ max. pol: p+ = 84 %, p- = 83 % (butanol, porphyrexide)

→ t ~ 800 h (@ 0.4 T, I ~ 108/s), തP ~ 77 %

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

→ max. pol: p+ = 78 %, p- = 77 % (butanol, porphyrexide)

→ t ~ 700 h (@ 0.4 T, I ~ 108/s), തP ~ 74 %

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

→ max. pol: p+ = 63 %, p- = 75 % (d-butanol, trityl)

→ t ~ 500 h (@ 0.4 T, I ~ 108/s), തP ~ 68 %

Polarization history plot
June 2021

Polarization history plot
November 2021,
d-butanol

CBELSA/TAPS horizontal frozen spin target and internal transverse or longitudinal holding magnet

Recent experiments – Bonn/Mainz/Dubna set-up
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Recent activities of the Bonn Polarized Target Group

Collaborative target group: Bonn/Dubna/Mainz/Bochum (2015 – 2021)
‘Mainz/Dubna frozen spin target’ + internal ‘holding’ coil(s)

Polarization history plot
p/d-run 2018

Run-time polarized target (cold cryostat)

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

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

→ t ~ 1300h (@ 0.4 T, I ~ 108/s), തP ~ 56 %

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

→ max. pol: p+ = 83 %, p- = 87 % (butanol, porphyrexide)

→ t ~ 500 h (@ 0.4 T, I ~ 108/s), തP ~ 78 %

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

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

→ t ~ 700 h (@ 0.4 T, I ~ 108/s), തP ~ 70 %
2019 (transv. polarization) ~ 500h b.o.t.
→ max. pol: p+ = 84 %, p- = 83 % (butanol, porphyrexide)

→ t ~ 800 h (@ 0.4 T, I ~ 108/s), തP ~ 77 %

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

→ max. pol: p+ = 78 %, p- = 77 % (butanol, porphyrexide)

→ t ~ 700 h (@ 0.4 T, I ~ 108/s), തP ~ 74 %

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

→ max. pol: p+ = 63 %, p- = 75 % (d-butanol, trityl)

→ t ~ 500 h (@ 0.4 T, I ~ 108/s), തP ~ 68 %

Polarization history plot
June 2021

Polarization history plot
November 2021,
d-butanol

Recent results of the experiment: see talk Annika Thiel (09/26, 09:30)
All activities stopped in March 2022, because of the Russian invasion of the Ukraine

→ No reliable planning was (is) possible
→ Since no one (all) of us has operated the refrigerator in the past
→ Nevertheless we decided to cool down the system

CBELSA/TAPS horizontal frozen spin target and internal transverse or longitudinal holding magnet

Recent experiments – Bonn/Mainz/Dubna set-up
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Recent activities of the Bonn Polarized Target Group

Recent experiments – Bonn/Mainz/Dubna set-up

After one year of learning and testing to 
cool down to < 26mK

→ Reliable cool down procedure
→ Stable and reproduceable 

parameters for DNP
→ Sufficient low temperatures (< 31 

mK) for long relaxation times in 
frozen spin mode

→ Stability can (has to) be optimized

Next:

→ Being back in beam in October

Mixing chamber temperature
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Recent activities of the Bonn Polarized Target Group

High field, thin s.c. magnets for DNP (CryPTA:ScM)

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

Frozen spin target: ➢ Set-up: external polarizing magnet (2.5 T), internal holding coil (0.6T)

➢ Advantage: large angular acceptance, 4p detector

➢ Disadvantage: loss of polarization, complex handling, limited beam intensity
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Recent activities of the Bonn Polarized Target Group

Shrink the external magnet to the dimensions of the internal holding coil:

High field, thin s.c. magnets for DNP (CryPTA:ScM)
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Recent activities of the Bonn Polarized Target Group

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

➢ high mag. longitudinal field for DNP (BDNP ~ 2.5 T)

➢ good homogeneity for DNP DB/B  10-4

➢ thin as possible (like holding coil) < 2mm

➢ passively cooled

4p – continuous mode target (what do we gain?):

➢ good angular acceptance (~ 4p)

➢ high luminosity L ~ 1033/cm²s-1 (N  1010/s) [N < 108/s]

➢ high mean polarization (Pp ~ 90%, Pd ~ 85%) [PP ~ 75 %]

➢ good beam time efficiency

High field, thin s.c. magnets for DNP (CryPTA:ScM)
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Recent activities of the Bonn Polarized Target Group

DNP requires DB/B  10-4

Inverse notched coil

Coil carrier (cupper core)

High field, thin s.c. magnets for DNP (CryPTA:ScM)
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Recent activities of the Bonn Polarized Target Group

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

➢ Small superconducting magnet (solenoid 150 mm x 45 mm x WT 1.8 mm), high field (B=2.5T) and 
high homogeneity (DB/B  10-4, 20 x 20 mm)

➢ Wrap thin s.c. wire (254µm) with high precision (orthocyclic, wet winding), 6 layers á 590N + 2*9N
➢ Displacement  2.5µm 

➢ Not commercially available
➢ Custom made high precision winding machine fulfill the requirements (MS63, EU JRA10:CryPTA)
➢ Co financed by a collaborative SME research project (BMWI, ZIM) with CryoVac (Germany) 

and Physics Institute University Bonn

s.c. wire  = 254 µm

Cut and grinding of a test winding 

High field, thin s.c. magnets for DNP (CryPTA:ScM)

https://www.polarisiertes-target.physik.uni-bonn.de/files/internalreportmilestonewindingmaschine.pdf
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Recent activities of the Bonn Polarized Target Group

Why is it so important to do a high precision winding

High field, thin s.c. magnets for DNP (CryPTA:ScM)

Prototype 1
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Recent activities of the Bonn Polarized Target Group

Why is it so important to do a high precision winding

High field, thin s.c. magnets for DNP (CryPTA:ScM)

Prototype 1

Prototype 2
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Recent activities of the Bonn Polarized Target Group

Why is it so important to run @ 1K

High field, thin s.c. magnets for DNP (CryPTA:ScM)
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Recent activities of the Bonn Polarized Target Group

High field, thin s.c. magnets for DNP (CryPTA:ScM)

DNP @ 2T, 56GHz
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Recent activities of the Bonn Polarized Target Group

Hybrid current leads for internal DNP magnets (CryPTA:ScM)

R. McFee, „Optimum input Leads for Cryogenic Apparatus”, 

Rev. Sci. Instr., Vol 30, AIP 1959 
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Recent activities of the Bonn Polarized Target Group

Hybrid current leads for internal DNP magnets (CryPTA:ScM)

R. McFee, „Optimum input Leads for Cryogenic Apparatus”, Rev. Sci. Instr., Vol 30, AIP 1959 
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Recent activities of the Bonn Polarized Target Group

Hybrid current leads for internal DNP magnets (CryPTA:ScM)

minimum heat load NC – HTSC junction for the next new dilution refrigerator

Test is still pending … 
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Recent activities of the Bonn Polarized Target Group

High field, thin s.c. magnets for DNP (CryPTA:ScM)

Central beam line
Target insert for fast and easy target exchange
Designed for various magnet configurations
→ Tmin < 30 mK , TDNP~ 250 mK
→ Imax ~ 40 A

→ Delivered fall 2020, assembled and first 1K tests in summer 2021, commissioning was planned for spring 2022
→ First polarization experiment @ ELSA planned using the combined sc. holding coil configuration
→ Foreseen for pol. experiments using active polarized target technology (CryPTA:APT)

Test set-up in the PT-laboratory

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



Recent activities of the Bonn Polarized Target Group

combined thin s.c. magnets for frozen spin mode (CryPTA:ScM)

New experimental approach in double polarized photo production experiments:
Longitudinal polarized electrons on a diamond radiator [F. Afzal et al., submitted to PRL. 2023]

Lets rotate the target polarization and measure them all
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Recent activities of the Bonn Polarized Target Group

combined thin s.c. magnets for frozen spin mode (CryPTA:ScM)

Cu-support (cooling)
Longitudinal field: solenoid (outside)
→ 4 layers á N590
→ Imax ~ 32 A
→ Bmax ~ 0.52 T

Transverse field: race track like dipole (inside)

→ 2 x N525
→ Imax ~ 30 A
→ Bmax ~ 0.50 T

➢ Precision wet winding of a solenoid is a well established technique.
➢ Tasks to be done for the race-track (V. Lagerquist)

➢ Optimize the thickness and shape of the dipoles
➢ Wed winding of the dipole package or layer by layer winding

and stack them

Combined longitudinal and transverse holding coil for the new dilution refrigerator for a variable polarization direction in plane
Solenoid + ‘race-track’

Or picking up an ‘old’ challenging idea: double helix configuration 
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Recent activities of the Bonn Polarized Target Group

Tilted coil configuration for frozen spin mode (CryPTA:ScM)

C. L. Goodzeit et al.,  IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, 
VOL. 13, NO. 2, JUNE 2003

− independent tilted coil (solenoid N) wound with a to z-axis

𝐵𝑧 = 𝐵𝑆 sin 𝛼 𝐵𝑦 = 𝐵𝑆 cos 𝛼 𝐵𝑆 ~
𝑁𝐼

𝑙

𝐼1 = 𝐼2 𝐼1 = − 𝐼2

Tilted coil configuration (TCC) for the new dilution refrigerator for a variable polarization direction in plane

− For a = 45°, symmetric case, 2 independent coils

− ‘transverse case’ : 𝐼1 = − 𝐼2

𝐵𝑦 = 2 ∗ 𝐵𝑆 𝐵𝑧 = 0

− ‘longituinal case’ : 𝐼1 = 𝐼2

𝐵𝑦 = 0 𝐵𝑧 = 2 ∗ 𝐵𝑆

− In between: any field direction possible 𝐵𝑚𝑖𝑛 = 𝐵𝑆
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Recent activities of the Bonn Polarized Target Group

Tilted coil configuration for frozen spin mode (CryPTA:ScM)

Tilted coil configuration (TCC) for the new dilution refrigerator for a variable polarization direction in plane

− homogeneous long. or transv. magnetic field

− adjustable field direction 

− homogeneous mass distribution around the target

R.B. Meinke et al.: SUPERCONDUCTING DOUBLE-HELIX ACCELERATOR MAGNETS,

IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 13, NO. 2, JUNE 2003

− TCC needs to be longer than a standard solenoid

− TCC needs more windings/layers or current

For a required B in a polarized target:

TCC Perfect solution for polarized target experiments:

The real challenge:

− Winding a 250 µm wire to a tilted coil 

Our next task:

− Full simulation needed (B, I, N, nL, s.c.)

− Wind a demonstrator coil (one layer) 

Coupled TCC

uncoupled / independent TCC
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1K magnet test facility (CryPTA:ScM)

→ 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 4He evaporation refrigerator is under construction
→ Fits into the external high field DNP-magnet 

(Bmax = 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 (Imax =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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Recent activities of the Bonn Polarized Target Group

Outreach / Technology transfer to SME

The design and construction of small sc-magnets using thin sc-wires leads to a new type of sc-magnets for UHV applications 

→ Wet winding process of thin sc-wires is the key technology
→ High field, low current, indirect cooled (dry cooling),

bakeable and UHV qualified magnet for RTMs
→ Collaborative research program with CryoVac GmbH, 

Germany funded by BMWi (ZIM)
→ Wet winding of a one component epoxy resin
→ Winding and curing in one process
→ Classical and 3D magnet geometries for UHV-RTMs

Good example for successful technology 
transfer from a hadron physics project to new 

commercial products
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Conclusion

For 55 years, the polarized solid-state target has remained the first choice for (double) polarization
experiments with real photons in Bonn (and elsewhere)

Our focus has always been to improve the polarized target performance:

• increase the luminosity, FoM and availability
• gain to new polarization observables

this included 

• new target materials: ND3, 6LiD, Trityl-doped deuterated alcohols
• new refrigerator and magnet systems: internal holding and polarizing magnets

With the new refrigerator and the cooperation with
Mainz/Dubna/Bochum PT-groups

we hope to realize the 
‘4p continuous mode target concept’

for real photon double polarization experiments at ELSA and MAMI (soon).
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Recent activities of the Bonn Polarized Target Group

Thanks


