Spin transport simulation in RFSF
Christopher Crawford	2015-01-26


The following report is to calculation the spin efficiency in the RFSF due to gradient B-fields in the RFSF.  We only consider gradients along the direction of neutron travel.  Gradients in the transverse direction would cause more depolarization since one cannot tune for all trajectories through the spin flipper at once.  However, as this study shows, one can tune for gradients along the neutron path.

The Matlab codes used to do these simulations are included in the report.  We basically integrated the Block equation through the RFSF.  The coordinate system is the standard n3He frame:  neutrons travel in the +z direction, up is +y, and beam left is +x.  The holding field was B0 + dB*z,  which becomes a time-dependent field for the neutrons: By(t) = B0 + dB *(t/T-1/2)   where T is the total time in the RFSF.  In addition, there was an oscillating field Bx(t) = Brf cos(wt),  where w is tuned to the Larmour frequency.  Fig. 1 shows typical neutron spin trajectories as they travel through the RFSF, in greater and greater gradients: 0, 0.15 G, 1.5 G, 5 G over the RFSF.  The holding field is B0=9.15 G.
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For each simulation, we consider the projection of the final neutron spin on the y-axis as the spin-flip efficiency.  

The next step was to tune the spin flipper RF amplitude and frequency.  The following figure shows the Rabi peak for this 2-d scan.
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The fractional width of the resonance in frequency was typically about 10 times narrower than that of RF amplitude.  The surface above was fit to “tune” the RFSF for that configuration (B0 gradient, neutron wavelength). 

The following table shows the spin-flip efficiency after tuning the RFSF for each of the gradients and neutron wavelengths listed below.  In conclusion, it is possible to tune the RFSF for very large gradients, as much as 10x the value measured at the current position of the RFSF in the NPDG coil  (0.15 G from front to back).

The columns in the table are:  1) change in field over the RFSF [G],  2) transit time of the neutron [ms], for 2.5, 4, and 6 Å neutrons,  3) RFSF efficiency, 4) Brf [G], 5) width of the Rabi curve [G], 6) RF frequency [krad/s], 7) width of the curve.

The Larmor frequency remains constant, and is only a function of the average holding field.  The RF amplitude depends mostly on the neutron wavelength, with slight increases to account for the shorter time on resonance with larger gradients.  In conclusion, I don’t believe that the gradients in the NPDG coil can account for the poor measured performance of the RFSF.

dB		Tt		eff		bm		db		wm		dw

0.000000	0.250000	0.999426	1.359303	0.613473	167.585442	9.772045
0.000000	0.400000	0.999020	0.852610	0.385950	167.503645	5.903084
0.000000	0.600000	0.998434	0.572267	0.258431	167.427330	3.726383

0.150000	0.250000	0.999428	1.361630	0.614938	167.599447	9.735954
0.150000	0.400000	0.999017	0.854583	0.387474	167.512335	5.892854
0.150000	0.600000	0.998447	0.573706	0.259473	167.426903	3.759318

0.500000	0.250000	0.999430	1.371861	0.622123	167.634768	9.663461
0.500000	0.400000	0.999011	0.866797	0.395466	167.536316	5.882126
0.500000	0.600000	0.998467	0.588516	0.270221	167.434103	3.882372

1.000000	0.250000	0.999431	1.398557	0.641772	167.692720	9.599555
1.000000	0.400000	0.998993	0.904574	0.423660	167.581083	5.941139
1.000000	0.600000	0.998440	0.643134	0.318725	167.469077	4.263534

2.000000	0.250000	0.999416	1.501105	0.727191	167.843724	9.659049
2.000000	0.400000	0.998883	1.085976	0.609908	167.717218	6.510348
2.000000	0.600000	0.981189	1.094877	1.138911	167.749249	10.114872

3.000000	0.250000	0.999240	1.698078	0.923748	168.047908	10.127711
3.000000	0.400000	0.973029	1.628258	1.374190	168.301231	12.736801
3.000000	0.600000	0.828213	2.314520	0.531926	177.962850	0.000000
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This function numerically integrates the Bloch equation

function [t,m,eff]=rfsf_eff(w,Brf,dB,T)
g=18.3; B0=9.15; %T=0.4; dB=0.15; Brf=0.857; w=167.67;
[t,m]=ode45(@(t,m)g*cross(m,[Brf*cos(w*t);B0+dB*(t/T-1/2);0]), ...
	    [0:.001:1]*T, [0,1,0]);
eff=-m(end,2);



This  function scans the RFSF amplitude and frequency and determines the optimal values

function [bs,ws,ms, eff,bm,db,wm,dw] = rfsf_scan(dB,T, w,kw, Brf,kb, nw,nb)

% scan efficiency over Brf and w
% T=0.4; dB=0.15; Brf=0.857; kb=.2, w=167.67, kw=.02

n=nw*nb;

[bs,ws]=meshgrid( ...
    linspace(Brf*(1-kb), Brf*(1+kb), nb), ...
    linspace(  w*(1-kw),   w*(1+kw), nw) );

for ib=1:nb 
  for iw=1:nw
    [t,m,ms(iw,ib)]=rfsf_eff(ws(iw,ib), bs(iw,ib), dB, T);
  end
end

surfc(bs,ws,ms);

% fit for best values of Brf and w
br=reshape(bs,[n,1]);
wr=reshape(ws,[n,1]);
mr=reshape(ms,[n,1]);

a=[ones(length(br),1),br,br.^2,wr,wr.^2]\mr;	%gen LSQ fit

eff=a(1)-a(2)^2/4/a(3)-a(4)^2/4/a(5);	%tuned RFSF efficiency
bm=-a(2)/2/a(3);		%tuned value of Brf
wm=-a(4)/2/a(5);		%tuned value of w
db=sqrt(-1/a(3));		%width in Brf
dw=sqrt(-1/a(5));		%width in w



This routine was used to generate the above table:

dBt=[0,.15,0.5,1.0,2.0,3.0];

Tt=  [.25, .4,  .6];
Brft=[1.37,.857,.571];

w=167.67;

fprintf('%s\t\t%s\t\t%s\t\t%s\t\t%s\t\t%s\t\t%s\n', ...
	    'dB','Tt', 'eff','bm','db','wm','dw');
for idb=1:length(dBt)
  for it=1:length(Tt)
   
    [bs,ws,ms, eff,bm,db,wm,dw] ...
	= rfsf_scan( dBt(idb),Tt(it), w,.02, Brft(it),.2, 5,5 );
    
    [bs,ws,ms, eff,bm,db,wm,dw] ...
	= rfsf_scan( dBt(idb),Tt(it), wm,.002, bm,.02, 10,10 );
    
    fprintf('%f\t%f\t%f\t%f\t%f\t%f\t%f\n', ...
	    dBt(idb),Tt(it), eff,bm,db,wm,dw);

  end
end
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