QUADRUPOLE_1_0. nb

(*-- QUADRUPOLE version 1.0 ---- Septenber 18, 2006 --%)
(k=mmmmm e with Wol fram Mathematica 5.0 ——--ceememmam *)
(kmmmmmmm e Author: R, HAJJAR - - *)

(== run --=)
(x-- starts the notebook and deternines the nature of the sanple: --%)
(x-- a single crystal if nunberOf GammaAngles is 1, otherwi se a powder --x)
run:=Mdul e[{QCC, q, anplitude},

wo = 2 wt x| ar nor Fr equencyMhz;

di m=1ntegerPart [2 quadrupol eSpi n +11;

nms = Range [quadr upol eSpi n, -quadr upol eSpin, -17;

|z =Di agonal Matrix[ns]; (= initial state =)

wr ot =2 sy +spi nRat ekHz » 1073;

QCC = 2 7 + QCCMHz;
g = 2 quadr upol eSpi n (2 quadr upol eSpin -1);
V6 . . ) . .
A= o QCC« Di agonal Matri x[ (3 ms< - quadr upol eSpi n (quadrupol eSpin+1)) 73];
q

I f [quadr upol eQrder ==2, {
W =45 (3+n?) /710;

-1 2
ampl i tude = — C ;
wo q2
ampl i tude . . 2
A4 = ——— (18 quadr upol eSpi n (quadrupol eSpin +1) - 34 ns° -5) ms;
2 '\/70
ampl i tude ) . 2
A2 = ——— (8 quadr upol eSpi n (quadr upol eSpin+1) -12 ns“ - 3) ns;
2 '\/14
ampl i tude ) . 2
A0 = ——— (quadr upol eSpi n (quadrupol eSpin+1) - 3 nms“) nNs;
\5
| f [nunber OF GammaAngl es == 1, crystal [apr, Bpr, ¥PRI.

powder [powder Fi | e, nunber OF GarmaAngl es]1];
l:
(x-- radi ofreq --=)
(x-- provides the matrix of an RF pul se --x%)
radi of req[wRF_] : = Modul e[{RF, ymax},
HRF = Tabl e [0, {di m}, {dim}];
RF = - 7+ wRF * 1073 4/ quadr upol eSpi n (quadr upol eSpin+1) -ns (N6 - 1) ;
ymax = | nt eger Part [quadr upol eSpin +0.5];
For [y =1, y symax, VY++,
HREL[Yy, y +1]1 =HRF[[y +1, y]1 =
HRF[[dim-y, dim-y +1]] =HRF[[dim-y +1, dim-y]] =RF[[Y]];

1;

l:

(x-- pul se --x%)

(x-- generates an RF pul se --%)

pul se[tau_, wRF_]1:= (
radi of req [wRF];
nbPul sel ncrement =1 ntegerPart [tau/at];
I f [nbPul sel ncrement ==1, pul sevar, pul sefixe];
):

(*-- pul seFunction--x)
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(x-- provides the density matrix describing the spin system --x)
(x-- excited by an RF pul se --x)
pul seFunction[poub_1] : =
Modul e[ {V20, W20, W0, frequency, HQL, HQR, Ha, HT, Tp, T, mat, pll, p22},
frequency = (poub - 1) xAt xwrot;
V20 = d1C=xCos [frequency] + d2C=xCos[2frequency]
+d1S*Sin[frequency] + d2S*Sin[2frequency];

HQL = V20 + A, HQ® =0;

| f [quadrupol eOrder ==2, {
W20 = d21C+ Cos [frequency] + d22CxCos[2frequency]
+d21S*Sin[frequency] + d22S*Sin[2frequency];

W0 = a40
+0d44S % Sin[4frequency]
+d43SxSin[3frequency]
+0d42SxSin[2frequency]
+0d41S+Sin[ frequency]

d44C+ Cos [4 frequency]
d43Cx Cos [3frequency]
d42C«x Cos [2 frequency]
d41C+Cos[ frequencyl];

+ o+ o+ o+

HQ® = Di agonal Matri x [A4 * W0 + A2 W20 - AO+WD ];
(3N

Ha = HRF + HQL + HQ2;
{HT, Tp} = Ei gensystem[N[Ha]]; T = Transpose[Tp];
mat = Di agonal Matri X [Exp[-i +At «HT]1;
pll =T.mat. Tp; p22 =T.Conjugate[mat].Tp; po =pll. po. p22;
1.
(x-- pul sevar, pulse with variable duration--x)
pul sevar : = (
coef4 +=1;
pul seFuncti on[coef 47];
):
(x-- pul sefixe, pulse with fixed duration --x)
pul sefi xe : = Modul e[ {pul seDuration},
For [b=1, b <nbPulselncrenent, b++, {
pul seDuration =b + coef 4;
pul seFuncti on[pul seDuration];
11
coef 4 += nbPul sel ncrenent;
1.
(x-- acq0 --x)
(x-- records the first signal anplitude --%)
acq0: = (s[0] =po;);
(¥-- acq --+#)
(x-- records the signal anplitude --x)
acq[z_]1:=(s[z] =po;);
(x-- store --x)
(x-- saves the state of the system and the delay from the begi nning --%)
store[sr_1:= (
d[sr] =po;
i ndi cRot or = coef 4;
):
(x-- recall --x)
(x-- provides the state of the system stored previously --x)
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recall [r_1:= (

po=d[r];

coef4 =i ndi cRot or;

):

(x=- filterElt --%)

(x-- keeps the density matrix with specific matrix elements --x)
filterElt [el enents_]:=Mdul e[{p6, |oONng, eltl, elt2},

p6 = Tabl e[0, {dim}, {dim}];

| ong = Lengt h[el enents];

For [i =1, i <long, i ++, {

eltl=elements[[i, 111;
elt2=elenments[[i, 2]1];
p6[[eltl, elt2]] =po[[eltl, elt2]];

11

po = P6;

1.
(x-- filterCoh --%)
(x-- keeps the density matrix with specific coherences --x%)
filterCoh[coh_]:=Mdul e[{p6, quanta, qq, long, x, eltl, elt2},
p6 = Tabl e[0, {dim}, {dim}];

For [i =1, i <Length[coh], i ++, {
quanta =coh[[i]];
qq = Abs [quant a];
| ong = di m-qq;
X = Range[1, | ong];
For [z=1, z<long, Z++, {
If [quanta 20, {eltl=x[[z]]; elt2=x[[z]] +qQQ},
{elt2=x[[z]]; eltl=x[[z]] +dd}];
p6[[eltl, elt2]] =po[[eltl, elt2]];
L
I

po = P6;
1:
(»-- tabgraph --%)
(x-- presents the sinmulated anplitudes in a table --%)
(x-- and plots the sinulated anplitudes versus pul se duration --x)
tabgraph[nom String] : = (
Print ["sxsckasrshnnohhhhohnhhhhhhhhhhhhhnns ||
For[a=0, asnp, a++, pas[a] =aaAat;];

tabl eau = Tabl e[ {t, pas[t], Nunber Form[h[t], 101}, {t, O, np}l;
Pri nt [Tabl eFor m[t abl eau,

Tabl eHeadi ngs -»> {None, {"Rang", "t (us)", "intensity"}}11;

Print ["«xscsasrshnnohhhhhhnhhhhhhhhhhhhhnns |
Li stPl ot [Tabl e[{pas[t], h[t1}, {t, O, np}l,
Pl ot Joi ned - True,
AxeslLabel » {"t (us)", "Intensity (A .U )"},
Pl ot Styl e » {Hue[0. 11},
TextStyle » {FontFam |y -» "Ti nmes", FontSi ze » 12}1;

: " "
Print ["+xxsksskadnhhhnhdhhhhrhdkhhhhrhrhnrssr |;
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Cl ear [excel ];
excel [data_List] : =
Modul e[ {filel = OpenWite[nom] },

Scan [ (
WiteString[filel, First[#]1];
Scan [
WiteString[filel, "\t", #] &,
Rest [#]
1.
WiteString[filel, "\n"]
) &,
data
1;
Close[filel]

1;
excel [tabl eaul;
):

(x-- crystal --%)

(x-- provides the signal anplitude for a single crystal --x)

crystal [ad_, Bd_, yd_]:=Mdul e[{aangl e, Bangl e, yangle, eltll, elt22},
aangl e = ad * 7/ 180; pangl e = Bd x xx /7 180; yangl e = yd %= w7/ 180;

For[i =0, i <np, i ++, h[i] =0]1;
eltll =detectelt [[1, 1]1]; elt22 =detectelt[[1, 2]];
po =StartQperator; (x initial state x)

coef v20Rot [aangl e, Bangl e, yangl el;
I f [quadrupol eOrder == 2, coefwxORot [aangl e, Bangl e, yanglell;

coef4=0; fsinmulation;

For[i =0, i snp, i ++,
hii]=N[Im[s[i][[eltll, elt22]] 11 /nunber O GammaAngl es ];
1.
(x-- powder --x)
(x-- provides the signal anplitude for a powder sanple --x)
powder [rep_, maxy_] : =
Modul e[{aangl e, Bangl e, yangle, proba, eltll, elt22, fileSize, xtal File},
For[i =0, i <np, i ++, h[i] =01;

eltll =detectelt [[1, 1]1]; elt22 =detectelt[[1, 2]];

xtal Fil e = ReadLi st [rep, {Number, Nunber, Nunber}l];
fileSize = Length[xtal Filel];
Print ["powderFile: rep", fileSize, "_sim"l;

For[j =1, j sfileSize, | ++, {
Print[j, "/", fileSize];
aangle=xtalFile[[j, 1]1] »=x/ 180;
pBangle=xtalFile[[j, 2]1] »x/ 180;
proba=xtalFile[[j, 311;
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For [g=0, g< maxy,

po = start Operator;

29
maxy
coef v20Rot [aangl

yangl e =

g++, {

(» initial state x)

e, Bangl e, yangl e];

I f [quadrupol eOrder == 2, coef wxORot [aangl e, Bangl e, yangl e]l];

coef4 = 0;

For [k = O,
H:
H:

For[i =0, i <np,
h[i ] =N[I m[h[i][[el
l:

(x-- coefv20Rot

k < np,

i ++,

——%)

fsimulation;

K++, h[k] =h[k] + *S[Kk]1;

t11, elt22]111 /nunber O GarmaAngl es 1;

(x-- provides the paraneters dxC and dxS of V20 --x)

coef v20Rot [aeul er _, Beul
Coq = Cos[2 acul er];
cpg = Cos [Beul er];
Cyp =Cos[2Beul er];
Ccy = Cos [yeul er];
Cay =Cos[2vyeulerl];
al = -n*szt,*sﬁ/«/é_;

a2 = -n*cB*sza/«/_G_;
d2S=a2 xCyy + b2 %S5,

d2C=a2 xSzy - b2 xCay;

l:

(#-- coef wxORot --%)

er_, yeuler_]:=NMdule[{al, a2, bl, b2},
Soq = Sin[2aeul er];
sg = Sin[Beul er];
Syp=Sin[2Beuler];
Sy = Sin[yeuler];
Syy = Sin[2yeuler];
bl =-(-3+n xC24) 525/ (2V3);

b2 =-(m*Coa* (3+C2p) +6832)/(4‘\/—6_);
diS=als+cy +bl sy,
diC=al+*sy -blxcy;

(x-- provides the paranmeters d4xC and d4xS of WI0 --%)

(x-- and the paraneters

coef wkORot [aeul er _, Beul er_, yeuler_]:

Modul e[{a22, b22, a21,
Csq = Cos[4aeul er];
Czq =Cos[2aeul er];

Csp = Cos[4 Beul er];
Cyp =Cos[2Beul er];
cpg = Cos [Beul er];

Cy = Cos[yeul er];

C2y = Cos[2 yeul er];
C3y = Cos[3yeulerl];
Cqy = Cos[4yeulerl];

d2xC and d2xS of W20 --%)

b21, a4l, a42, a43, a44, bal, b42, b4a3, baay,
Soq = Sin[2aeul er];

S4p=Sin[4Beuler];
Sz2p=Sin[2Beuler];
sg = Sin[Beul er];

Sy = Sin[yeuler];

Sa2y = Sin[2yeuler];
Szy = Sin[3yeuler];
Say = Sin[4yeuler];

a22 =-A2/7 nxCp* Saa;

a2l =-(2/N7) n *sp* S2a;
d22S =a22 +Cyy + D22 %S5,
d22C=a22 *Spy - b22 %xCpy;
a40 =

b22 = - (n*C24 (3 +C2p) +Sp° (—3+n2))/(2*/l4);

b2l = (-3-2cpq *xn+n?) s2p/ (2V7);
d21S =a2l xCcy + b21 xsy;
d21C=a2l % sy - b21 xcy;
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-vJ7710
T 2304
a4l = (V5/7 /72) nwszax Sp (15 +21Cop+14n %Coax Sg%);
b4l = (V577 /288) ((-18-1>-127 *Coa+ 71> %Caa) S2p-7 (-3 +N*C24)2 Sap);
a42 = - (V5/14 [18) n » CpxSza (-9+21Cop+ 147 %Coq % Sp2);

((18 +1%) (9+20Cop+35Csp) +240n C2q (5+7C2p) Sp2 +280 7% Caq Sp*);

1 e
ba2 = — /5 /14
72
(3N *Coq (5+4Cop+7Cap) + (TN?%Caq (3+C2p) + (18 +1n?) (5+7Cap)) *Sp%);
a43 = - (V35 /72) n (-3-9C2p+1 #Caq% (543 %C2p)) *S2a* Sg
b43 = - (V35 /288) (-18-1n?-121 %Coa+ T N° %Caa+2 (-3 +1 %C2a)2 %C2p) Sz
a44 = - (V3572 /72) n xCpx Sza (N *C2a* (3+C2p) +65p2);

V3572
D44 = - (1 Cau (35 +28C2p+Cap) +48 7 xCou (3+C2p) Sp7 +8 (18 +17%) 55°);
d41S = a4l xcy + b4l xsy; d41C=a4l +sy -b4lxcy;

d42S =a42 xCyy +b42 %S5y, d42C=ad42 %Sy -b42xCyy;
d43S =a43 xC3y +b43 xs3,; d43C=a43 +S3,-b43 xC3y;
d44S =ad44 xCyy +b44 %S4y, d44C=ad44 xSy -bd4 xCay;
l:
(» Save these functions in a notebook called QUADRUPCLE x)
Save[" QUADRUPCLE", run, radiofreq, pul se, pul seFuncti on,

pul sevar, pul sefixe, acq0, acq, store, recall, filterElt,

filterCoh, tabgraph, crystal, powder, coefv20Rot, coefwxORot ];



