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Correction /Distortion Framework

o(r,z,®) ‘CorrLookUpTables

Init Look Up Table

Vo(r,Z,(b)

‘DistLookUpTables

» GetCorrection(x[], roc, dx[]) < CorrLookUpTables
» GetDistortion(x[], roc, dx[]) < DistLookUpTables
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Distortion Algorithm Sketch

[1. V2V(r,z,p) = —%p(r, gb,z)]
v
[2. E(r,p,z) = =V V(r,p, z)]
¥

3. SrE(r,,(ﬁJ,Zk) =q fzkfl E’dz+c fzk,l E‘pdz
r5¢rE(r,,¢J,zk) — ¢ [*? E’dz— - fzk . E"’d

5z(r,,¢J,Zk) = fzzkk 1 v(E)(E — Ey)dz

1

4. Follow the driftline from
(ri,dj,zx) — (ri + 6ri, 0j + 06,20 + 6zk)

1
[5. Assign distortion Dist(r;, ¢;, zx) = (0r, 5phi,(5z)]
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Local Distortion

» Local distortion is calculated based on formulation in
ALICE-INT-2010-016 (Simplified Langevin Eq)

» This integration is in z direction. Let suppose we want to
calculate local distortion at (r;, zj, ¢m), We require
E(r,‘,Zj+]_,¢m) and E(r,-,zj,gbm) are known.

Z z
ZZDU\UI"\H'I - Zz-:- slumn-1 -
. '
AN
S E i
1 3=5
J+1 E /]
ROC ROC
Y % (a) Electric Field Vectors (b) Local Distortion
7\ AlICE
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Local Distortion (2)

Integration

We can calculate definite integrations for each distortions respect
of z from z; to zj41 as follows:

fZZJJH Er(r”zf’¢m)dz ~ ez};i}sldz%(E (ri,zj, dm) + E(riy Zj11, Om))
E,

fZZJHl Ed)(r” Zjs ¢m)d2 ~ ezFleld2 0 (E¢(r’7 Zj, ¢m) + E¢(r,, Zj+1, ¢m))

fzjjﬂ Ez(riazja ¢m)dz ~ ﬁ (Ez(riazja ¢m) + Ez(l’,', Zj+1, ¢m))

The code sniplet:

// = Electric Field (V/cm) Magnitude ~ -400 V/cm;

Double_t ezField = (fgkCathodeV-fgkGG)/fgkTPCZO0;

localIntErOverEz = (gridSizeZ/2.0)*((*eR) (i,j)+(*eR) (i,j+1))/(-1*ezField) ;
locallntEphiOverEz = (gridSizeZ/2.0)*((*ePhi) (i,j)+(*ePhi) (i,j+1))/(-1*ezField) ;
locallntDeltaEz = (gridSizeZ/2.0)*((*eZ) (i,j)+(xeZ)(i,j+1)) ;

!/; ALICE
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Local Distortion (3)

After we have local integrations for ellectric fields in each direction,
local distortion 0(ri, zj, $m) is calculated by simplified Langevin
equation:

Sre(rin Zjy bm) = o JZ Erdz + ¢ [+ o dz

rboe(ri, 2, dm) = —a1 fz’“ ’dz—i—c fz”l E¢dz
Sz(ri7zj)¢m) = fzJ‘H V(E)(E Eo)dZ

Zj
Where ¢ and ¢ are constants (see the ALICE-INT-2010-016 for
further details).
(*distDrDz) (i,j) = fCO*locallntErOverEz + fCl¥locallntEphiOverEz;

(*distDphiRDz) (i,j) = fCO*locallntEphiOverEz - fCi*locallntErOverEz ;
(*distDz) (i,j) = localIntDeltaEz*fgkdvdExfgkdvdE;

ae
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Local Correction

Let suppose we want to calculate local correction at (r;, zj+1, ®m).
Then we can calculate definite integrations for each directions in

respect of z from zj 1 to z; as follows:

ij %(r,',zj', bm)dz & —1 % btz (Er(fi,lj, ém) + Er(ri, zj11, ¢m))
Zj+1
z;  E —

fz_ﬂrl ?f(’i’zja bm)dz X —1 % b 72 (E¢(ri72j7 ém) + Eg(ris zj41, ¢m))
J

[7 iz, om)dz ~ —1x 255 (Eclrin 2y, 6m) + Exi 2141, 0m))
Zj1

< Z scolumni -+

b tr

j*:

zzchrm-l

:l"l i

N ROC ROC
7 (a) Opposite Electric Field Vectors (b) Local Correction
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Local Correction (2)

ALICE

» Local correction at 5’(r,-,zj+1,gbm) is calculated by simplified

Langevin equation:

S1 (5. z: o [ E 5 Eg
8 £ (ri, 241, dm) = ij+1 Edrta fzj+1 2 dz
- _ z E z  Eg
ré! e(ris zj41, om) = —c1 f1j1+1 é_derco ‘ij-u o dz
S (1 2 _ (3 Y®BE_
a/z(r,,z,u,abm)ffzjﬂ 5 (€ - Eo)az
For implementation, we use the fact that
8 (11, zj41, dm) = =1 % 8,£(ri, zj, dm)

18 e (17, zj41, dm) = —1 % rse(ri, 27, dm)

8" 2 (ris Zj+1, bm) = —1 % 0z(rj, Zj, bm)

(*corrDrDz) (i, j+1) = -1% (*distDrDz) (i,j) ;
(*corrDphiRDz) (i, j+1) = -1* (*distDphiRDz)(i,j);
(*corrDz) (i,j+1) = -1* (*distDz)(i,j);
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Global Distortion/Following the driftline

zcolumn-1

ROC
(a) Global Distortion

Interpolation is used for computing intermediate local distortion.

ALICE
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Global Distortion

Algorithm 1 Global Distortion

1: for m = 0 to PhiSlice-1 do

2 for j = 0 to Zcolumn-2 do

3 for i = Oto i= Rrow-1 do

4 0e(ris dm,z)) =0, Spre(ri, dm, ) =0
5 0z(riy ¢m,2)) =0, r=ri,¢ = ¢m,z =z
6
7
8
9

for jj = j to Zcolumn-2 do
(5,5,6¢,E,6 )= 1nterpolate(r z, ¢)
o+ = 6,¢E/r r+ —6,5 z=2zj_1 +6,
rE(rn bm, zj)+ B §rE

10: dgre(ris Pm, 2j)+ = 0¢rE
1L 02(ri, m, zj)+ = 0z

12: end for

13: end for

14: end for

15: end for

ae
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Global Correction/Following the driftline

z -

zcolumn-1

v
Lzc-2,m iizc-3,m; fzc-4,m

ROC
(b) Global Correction

Interpolation is used for computing intermediate local correction.

ALICE
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Global Correction

Algorithm 2 Global Correction

1: for j = Zcolumn - 2 to 0 do

2: for m = 0 to PhiSlice-1 do

3: for i = 0 to i= Rrow-1 do

4 ¢ = bm+0y,£(ri, pm, z-1)/r

5: r=ri+8c(ri,pm,z-1)

6 z=zj_1+ 8,(ri, pm, Z-1)

7 (6've,0" £, 0'2) = interpolate(r, ¢, z,0’)
8: 8l c(riy dm, 2))+ = 0"

o 6<ll5rE(rl'7¢m7zj)+ = 6/¢rE

10: 8,(ri, dm, zj)+ = 0’2
11: end for

12: end for

13: end for

ae
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Computation Cost of Naive Algorithm

Time in s
Size (17)24+18 (33)24+2%18 (652 +3%18 (129)2 +4 %18
Poisson Solver 0.01 0.13 2.49 59.85
Electric Field Calc 0.00 0.00 0.01 0.13
Local Dist/Corr 0.00 0.01 0.03 0.25
Global Dist/Corr 0.04 0.59 8.65 139.26
Lookup Table Fill 0.74 0.76 0.74 0.84

!Jé ALICE
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Global Distortion

Since ¢'(ri, zj, dm) = —0(ti, zj, ¢m), we could use Global Correction
for interpolation in Global Distortion. So, we remove one inner
loop in Global distortion

Algorithm 3 Global Distortion

for j = ZColumn-2 to 0 do
for m = 0 to PhiSlice-1 do
for i = 0 to i= Rrow-1 do
r=ri,¢=0¢mz=12z_1
(6+£,04rE,92) = —interpolate(r, ¢, z, /)
(S,E, 3¢,E, 51) = interpolate(r + 6,g,¢ + d4.e/r, 2 + 0z, 3)
Oe(ris dm, z))+ = 0" e Sgre(ris dm, 2j)+ = 0" gre 02(ri, dm, zj)+ =0’
end for
end for
end for
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Computation Cost of kUselnterpolation Algorithm

Size

Time in's
(17)2418 (33)242%18 (65)2 +3%18 (129)% 4 4 %18
Poisson Solver 0.01 0.13 2.49 59.85
Electric Field Calc 0.00 0.00 0.01 0.13
Local Dist/Corr 0.00 0.01 0.03 0.25
Global Dist/Corr 0.04 (0.01) 0.59 (0.04) 8.65 (0.38) 139.26 (4.18)
Lookup Table Fill 0.74 0.76 0.74 0.84
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16/24



Unit Test for Distortion-Correction

» Generate points for testing in the volume
(xlist,ylist,zlist)
» For each points (x;, yj, zc), do the following:
1. (0Xqists 0Yqgises 0Zaist) = GetDistortion(x;, yj, zk)
2. (X =X + Oxaists Y] = ¥j + Y aisrs Zk = Zk + 0Zaise)
3. (0Xcorr0Y corrs 0Zcorr) = GetCorrection(x;, y/, z;)
4 (X" = X{ + 0Xcorrs V' = V] + 0¥ corrs 2 = Zi + 0Zcorr)
5

. X—X” y y//)z(zk 2/1)2
. errDistCorr;;x = A 3

» We also collected individual difference in r, r¢, z direction.
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Experiment 1

Input

» Space charge distribution as follows:

hisQ3DROC_Th2

hisDistRef

» Boundary values zeros
» Granularity: 129 x 129 x 144

ALICE
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Distortion and Correction Map (1)

Space Charge - 3D: DRinXY Z=15 Space Charge - 3D: DRinXY Z=15

b

-100
-150

-200

2850 200 -150 -100 -50 O

200 -150 100
x[em)

-5 0 50 100 150

Distortion Map Correction Map
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Distortion and Correction Map (2)

Space Charge - 3D: DRPhiinXY Z=15

Space Charge - 3D: DRPhiinXY Z=15

2950 200 -150

-200 -150 100 -50

0 50

TR
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Distortion and Correction Map (3)

Space Charge - 3D: DZinXY Z=15 Space Charge - 3D: DZinXY Z=15

& . ©

[

-150

-200

~ L |
250552200 150 100

%50 200 -150 -100 -50 0O 50 150 200
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Distortion - Correction Error Z

Error Dist-Corr Z, Phi (129,129,144)

Distortion - Correction Error Phi R

Y — errDistCorZ errDistCorrPhiR
R Entries 960400 c Entries 960400
Mean 2.037e-08 9000 Mean 0.0001075
RMS 4.45e-07 RMS  0.0002215
8000} 8000
7000
6000} 6000
5000}
4000 4000
3000)
2000f- 2000)
1000
Fo T NN RN FURE RT EUUL T ST S P "N N NN U FEET EUT T T S
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
(incm) (incm)
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Error Dist-Corr R,

Distortion - Correction Error R

f - errDistCorrR
0000 Entries 960400
Mean 1.5550-05
RMS  3.269e-05
8000§-
6000f-
4000f
2000f
o) INEEN NN NN FRETN FNNEN VNN AN SN SN A
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
(incm)
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Correctness Testing

» Use a pair of known distribution for potential and charge.
» Compare to ANSYS/Garfield.

» Work in progress.
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Thank You
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