CLAS-NOTE 2003-002

Notes about Holding Magnet System for the Hall-B Frozen Spin Polarized Target

O. Dzyubak

University of South Carolina, Columbia, South Carolina, 29208

Real Photon Working Group Meeting JLAB November 16, 2002

1. Introduction

The principle of the frozen spin target operation is: 1) to polarize the target material optimally at

a high magnetic field B = 2.5 – 5.0 Tesla and temperature around T = 300 – 700 mK.

2) to freeze the polarization at

significantly lower temperatures T = 30–70 mK and a holding magnetic field B = 0.4-0.8 Tesla.

2. Holding Field

The holding field of the order of 0.5 Tesla in the target area could be produced by either

1. fringe field of the external Polarizing Magnet or 2. ”small” internal magnet placed inside the target.

The external Polarizing Magnets are large and have a strong fringe field. Therefore such frozen spin targets cannot be operated in combination with 4π – detector. Using a small superconducting internal ”holding magnet” allows a substantial reduction of the magnetic field affecting the detector components and particle tracking.

3. W. De Boer and T.O. Niinikoski, 1974

The temperature and magnetic field dependence of the proton spin-lattice relaxation time:

T^{−1}_{1p} = [AT_{1e}B^2 cosh^2(^{hνe}_{2kT} )]^{−1} + (3.96^{B1.32}_{T 1.64} )^{−1}, where

AT_{1e} = 0.225 [B^5 coth(^{hνe}_{2kT} ) + (6.75 exp(−^{0.5}_T )]^{−1}

Below are experimentally measured values.

4. Relaxation time vs Temperature Holding field

Previous plots show that

1. relaxation time is strong function of temperature and field

2. after “critical point” T = 100 mK and B= 0.5 T esla, relaxation time is changing rapidly

3. depending on cooling power of the dilution refrigerator, for a chosen relaxation time, we have to keep a proper combination of temperature and holding magnetic field which means

for photon experiments we can afford to work at lower temperatures T = 50 mK (cooling power problem) and decreased holding field down to B = 0.3 T esla in opposite to that

for electron experiments we have to work at higher temperatures T = 200 mK (?) which enforces us to use holding field up to B = 1.0 T esla (?)

5. Typical cooling power vs temperature /Mainz,GDH, 1999/

After 100 mK, cooling power drops down pretty fast. In the frozen spin mode the refrigerator is usually operated at 50-60 mK with a cooling power of a few micro-watts.

6. Bonn, 1998 experimental setup

Polarized target in combination with a full 4π − detector. experiment – η − photoproduction material – butanol multi-filament NbT i–wire, diam D = 100mkm current I = 7A (current density J = 900A/mm^2) at T = 4.2K with the critical field B = 1.0 T esla.

Operating temperature T < 1.3K winding numbers N = 5000 (4 layers) current I = 9.48A (current density J = 1207A/mm^2)

Results

Polarizing field B = 2.5 T esla Max proton polarization achieved P = 85% Average proton polarization P = 71.6%

Holding Mode B = 0.38 T esla and T = 57.4 mK

The longest proton relaxation time achieved

t = 245hours

7. GDH sum rule experiment. Mainz

Polarized target in combination with a full 4pi−detector.

multi-filament NbT i–wire, diam D = 100mkm F our layers of 1050 turns each. operational temperature – below 1.2K max achieved current I = 12A (B = 0.48 T esla)

material ammonia and butanol (protons)

In the frozen spin mode of Holding Field B = 0.42 T esla and T = 50-60 mK the relaxation time

t = 200hours.

8. Ch.Bradtke, H.Dutz, et al, Bonn,1998

GDH sum rule experiment.

Polarized target in combination with a full 4pi−detector. coil temperature T = 1.2K material – butanol The relaxation time using different frozen spin modes

t = 120hours, T = 70mK, B = 0.42T esla t = 200hours, T = 55mK, B = 0.42T esla t = 1500hours, T = 55mK, B = 0.70T esla

9. Other Groups

Prague, Czeck material – propanediol target dimensions – D = 20mm, L = 60mm Polarizing Mode T = 0.3 − 0.8K, B = 2.7T Holding Mode T = 18 − 25mK, B = 0.4T

Relaxation time T = 250hours

Protvino, Russia material – pentanol target dimensions – D = 20mm, L = 100mm Polarizing Mode T = 0.3 − 0.8K, B = 2.08T Holding Mode T = 18 − 25mK, B = 0.4T

Relaxation time T = 300hours

Dubna, Russia material – propanediol target dimensions – D = 20mm, L = 200mm Polarizing Mode T = 0.3 − 0.8K, B = 2.7T Holding Mode T = 50 − 60mK, B = 2.7T

Relaxation time T = 400hours

10. JLAB Holding Solenoid(Prototype)

Assuming that the target cell has diam D = 15mm and L = 25mm Mike Seely has made a prototype of the holding solenoid with parameters

1. diam D = 40 mm 2. length L = 220 mm 3. thickness δ = 0.24 mm 4. diam of wire d = 0.112 mm 5. max current I = 12.7 Amps 6. turns N = 1800 turns per layer 7. layers n = 2 layers 8. field map has not been measured yet.

Using such parameters, TOSCA(OPERA) simulation gives us a magnetic field on the center of a solenoid

2557 Gauss (0.26 Tesla)

11. Relaxation time vs Holding field /Mainz,GDH, 1999/

Using this picture, we can estimate a relaxation time. Realizing Frozen Spin Mode T = 60 mK and B = 0.25 Tesla

we can expect a relaxation time

t < 100 hours

12. Polarization drop with different relaxation time

13. Work cycle with different relaxation time

Lets assume that we start from P = 80% and polarization drop should not be less then P = 75% Using previous picture, we can estimate a work cycle, the period after which we have to stop a run and polarize target back to maximal value.

Having target setup with relaxation time Trel, we can expect a work cycle Twork

Trel = 100 hours, Twork = 4 hours Trel = 120 hours, Twork = 8 hours Trel = 200 hours, Twork = 12 hours Trel = 250 hours, Twork = 16 hours Trel = 400 hours, Twork = 28 hours

14. Needed Holding Field

For reasonable conditions:

Work cycle Twork = 12 – 16 hours Frozen Mode at T = 50 - 60 mK,

we need Holding Magnet with field

B = 0.5 Tesla

(maybe even more ?)

Which means that we need to double an amount of layers and overall wall thickness becomes

δ = 0.5 mm

15. Conclusions

1. Photon experiments are supposed to work in T = 50–60 mK mode. For the reasonable work cycle T_{work} = 12 – 16 hours we need Holding Magnet with field

B = 0.5 Tesla

2. Electron experiments need more cooling power and might be run at higher temperatures T = 100 – 150 mK (?). In this case we need Holding Magnet with field

B = 0.7 Tesla or even more(?)

3. To satisfy both electron and photon experiments we have to consider the “universal design” of Holding Magnet with field

B = 0.7 Tesla

16. Acknowledgments

I am indebted to

Dr. J. Ball, Saclay, France, Dr. O. Lukhanin, Kharkov, Ukraine, Dr. Yu. Usov, Dubna, Russia

for their help and discussions.

17. References

1. Dynamic Proton Polarization in Propanediol below 0.5 K W. De Boer and T.O. Niinikoski. NIM 114(1974)495.

2. Polarized Sources and Targets. Erlangen, Sept.

29–Oct. 2, 1999. Editors: Andreas Gute, Stefan Lorenz, Erhard Steffens. University of Erlangen.

3. First use of an internal superconducting ”holding magnet” in an eta-photoproduction experiment. R. Gehring, H. Dutz, Ch.Bradtke, St. Goertz, W. Meyer, M. Pluckthun, G. Reicherz, A. Thomas, H. Werth NIM A418(1998)233.

4. A new frozen spin target for 4-pi particle detection. Ch. Bradtke, H. Dutz, H. Peschel, S. Goertz, J. Harmsen, S. Hasegawa, N. Horikawa, T. Iwata, T. Kageya, T. Matsuda, A. Meier, W. Meyer, E. Radtke, G. Reichertz, Ch. Rohlof, A. Thomas, A. Wakai. NIM A436(1999)430

5. Proton and neutron polarized targets for nucleon nucleon experiments at SATURNE II. J. Ball, M. Combet, J.L. Sans, B. Benda, P. Chaumette, J. Deregel, G. Durand, A.P. Dzyubak, C. Gaudron, F. Lehar, A. de Lesquen, T.E. Kasprzyk, Z. Janout,B.A. Khachaturov, V.N. Matafonov, Yu.A. Usov NIM A381(1996)4.

6. Frozen spin solid targets developed at the Laboratory of Nuclear Problems. N.A.Bazhanov, B.Benda, N.S.Borisov, G.Durand, A.P.Dzyubak, A.N.Fedorov, L.B.Golovanov, G.M.Gurevich, I.M.Karnaukhov, A.I.Kovalev, A.B.Lazarev, F.Lehar, A.A.Lukhanin, V.N.Matafonov, A.B.Neganov, Yu.A.Plis, S.N.Shilov, S.V.Topalov, Yu.A.Usov. NIM A402 (1998) p.484-487.

7. A movable polarized target for high energy spin physics experiments. N.A.Bazhanov, B.Benda, N.Borisov, L.B.Golovanov, G.Gurevich, G.Durand, A.P.Dzyubak, A.I.Kovalev, A.B.Lazarev, F.Lehar, A.A.Lukhanin, A.B.Neganov, S.V.Topalov, S.N.Shilov, Yu.A.Usov. A movable polarized target for high energy spin physics experiments. NIM A372 (1996) p.349-351.

8. The new polarized target facility at the Kharkov Institute of Physics and Technology. A.A.Belyaev., V.A.Get’man, A.P.Dzyubak, I.M.Karnaukhov, A.A.Lukhanin, P.V.Sorokin, E.A.Sporov,I.A.Tolmachev. 9-th Intern. Symp. on high energy spin phys. Held at Bonn, FRG, 6-15 Sep., 1990, Conf. Proc. v.2, p.253-256.

9. Dr. O. Lukhanin, Kharkov, Ukraine, private communication.

10. Dr. Yu. Usov, Dubna, Russia, private communication.