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Heat deposition calculation using FLUKA

e Brief introduction of the  How to Install and run ?
heat deposition

calculation method « How to make input file ?
4E.421 . 2 = 1 C 5
S—— 127} |m=— -In(1- ) -’ ~-—-=| Beam parameters,
m,v <I> £y, 2 _
o Geometry, material,
+ Nuclear contribution format of the output,

number of particles.

C= shell correction
0= Density correction



How to run FLUKA ?

INSTALLATION and RUNNING

o mkdir fluka

e Cd fluka

o Tar zxvf ..../[flukalinux.tar.gz unzipping
e Export FLUPRO=%pwd for bash
« Cd $SFLUPRO

o SFLUPRO/flutil/Ifluka —m fluka linking

o SFLUPRO/flutil/rfluka —M5 sample executation



INPUT file

BEAM
Energy/Momentum, Distribution, Particle Type, Position

GEOMETRY
Actual geometry types, defining regions

MATERIAL & COMPOSITION
Material properties (Z, A, Density, volume fraction)

OUTPUT
Type of output (energy, neutron, ..), binning structure
Number of events/particles
END



INPUT file cards
TITLE

C(lmments regarding the calculation (1 line only)

BEAM (06 values has to be defined) + type of particle

o S RN IO 2.+ 3ot 4..+....5... +... 6...+...7..+..8
BEAM -1.0E+00 11.50 0.0 -1.0PROTON

WHAT(1) WHAT(2) WHAT(3) WHAT(4) WHAT(5) WHAT(6)
WHAT(1) = <0 energy, >0 momentum

WHAT(2)= momentum spread Energy = 1.0GeV
: Spread in energy =0.0GeV
<0 Gaussian FWHM Angular spread= 0.0Orad
>0 rectangular R, Of uniform beam= 11.5 cm
: R, Of uniform beam= 0.0 cm

<0 Gaussian FWHM
>0 Rectangular >2000Tr isotropic



BEAM card continued.....

WHAT (4) Beam spatial width
>0 rectangular width in X direction if WHAT(6) >0
>0 R« annular distribution if WHAT(6) <0
<0 Gaussian FWHM in X direction
WHAT (5) Beam spatial width
>0 rectangular width in Y direction if WHAT(6) >0
>0 R, annular distribution if WHAT(6) <0
<0 Gaussian FWHM in Y direction

WHAT (6) Particle weight ~ SDUM= Particle name



BEAM POSITION

N T T - S - I T S I - I S - T T AR DR
EEAMPOS .0 .0 =E0 .0

WHAT(1) WHAT(2) WHAT(3) WHAT(4) WHAT(5) WHAT(6)

WHAT(1) X position of beam spot

WHAT(2) Y position of beam spot

WHAT(3) Z position of beam spot

WHAT(4) Direction cosine along X
WHAT(5) Direction cosine along Y
WHAT(6) Not used

DSUM default is +Z direction otherwise write NEGATIVE
for -Z




GEOMETRY

GEOBEGIN COMBNAME
Defining different bodies with dimension
END

Defining regions with bodies
END

GEOEND



Sample geometry

Block hole
Vacuum 1

o

. Vacuum 2 Vacuu

Total length of the target loop 110 cm
Distance above the center of window 20 cm
Distance below the center of window 150-63 100 cm
Beam pipe outer radius 13 cm
Beam pipe inner radius 12.8 cm
Window (Hemi-Spherical) with uniform thickness 02 mm
Target material LBE (44.5%Pb+55.5%Bi weight percent)

Window material T91



Geometry card

GEOBEGIN COMBNAME

00 (215, 10X,A60)
RPP ppbh -500.0 +500.0 -500.0 +500.0 -500.0 +500.0 BOX »|
RPP ppvac -200.0 +200.0 -200.0 +200.0 -200.0 +200.0 BOX

RCC cylbe 0.0 0.0 0.0 0.0 0.0 +110.0 +19.50 CYLINDER » |
RCC cylbpo 0.0 0.0 0.0 0.0 0.0 +10.0 +13.0 CYLINDER
RCC cylbpi 0.0 0.0 0.0 0.0 0.0 +10.0 +12.8 CYLINDER
SPH wsphl 0.0 0.0 +10.0 +13.0 SPHERE »|
SPH wsph2 0.0 0.0 +10.0 +12.8 SPHERE
XYP wplnl +10.0 PLANE >/
END

*black hole

rohole 6 +ppbh —ppvac

evacuum around -

rvac 6 | +ppvac -cylbe | +cylbpi | wsph2 -wpinl

*LBE

rlbe 6 +cylfg -cylbpo -wsphl
*Beam Pipe Wall
ropw 6  +cylbpo -cylbpi

*Target Window
rwndw 6  +wsphl -wsph2 -wpinl
END

GEOEND



I\/IATERIAL card

Yt Lot 204 Bt bt 5 +6.4.7.+....8

. Z A DENSITY MATERIAL NO. NAME

*

MATERIAL 820 207.2 11.35 17.0 LEAD
MATERIAL ~ 83.0 209.0 9.747 26.0 BISMUTH
MATERIAL 6.0 12.0107 2.000 6.0 CARBON
MATERIAL 250 54.9380 7.210 27.0 MANGANES
MATERIAL 150 30.9740 1.820 28.0 PHOSPHO
MATERIAL ~ 16.0 32.0650 2.070 29.0 SULFUR
MATERIAL 140 28.0855 2.329 14.0 SILICON
MATERIAL 240 51.9960 7.180 30.0 CHROMIUM
MATERIAL ~ 42.0 959400 10.22 31.0 MOLYBDEN
MATERIAL ~ 27.0 58.6930 8.900 32.0 COBALT
MATERIAL ~ 23.0 50.9415 6.110 33.0 VANADIUM
MATERIAL 7.0 14.0067 0.00117 7.0 NITROGEN
MATERIAL 410 929 8570 34.0 NIOBIUM
MATERIAL ~ 13.026.981538 2.699  10.0 ALUMINUM
MATERIAL  26.0 55845 7.874 11.0 IRON
MATERIAL 8.0 15.9994 0.00133 8.0 OXYGEN
MATERIAL 10.359  35.0 LBE

MATERIAL 8.23 36.0 STEEL



Compound card

ot 1+ 24304445+

COMPOUND
COMPOUND
COMPOUND
COMPOUND
COMPOUND
COMPOUND

-0.445
-0.0008
-0.0001
-0.0085
-0.0003
-0.8983

17.0
6.0
29.0
31.0

7.0 -

11.0

-0.555 26.0 0.0
-0.003 27.0 -0.0002
-0.002 14.0 -0.08
-0.004 32.0 -0.0018
0.0006 34.0 -0.0004

>

6....+...

0.0
28.0
30.0
33.0
10.0

ASSIGNMAT card

ASSIGNMAT LBE

ASSIGNMAT STEEL

ribe
ropw

ASSIGNMAT VACUUM rvac
ASSIGNMAT BLCKHOLE rbhole

rwndw

A...+....8

LBE
STEEL
STEEL
STEEL
STEEL
STEEL



USERBIN card

Scoring of heat deposition in R-Z binning

ot Lo+l 20403404 +.56.+0 6.+ L7...+...8
*Cartesian binning of the deposited energy inside the target

USRBIN 11.0 208.0 49.0 195 0.0 110. Edeposit
USRBIN 0.0 0.0 0.0 50.0 1.0 400.0 & >|



END of input

* o+ 2...+.3.+.4...+..5. . +.6.+..7..+...8
RANDOMIZE 1.0 > |
* oA 2..+.3.+.4.+.5. . +.6..+.7..+..8

START  1000000.0  »|
STOP



ThEEL

B-2

Heat Deposition Data from

Sauple problem for ietp

DATE: 11/ &/ 7,

TIME: 1Z2:31: &

Total nuwber of particles followed

binning n.
B coordinate:
Z coordinate:
axis coordinates: X

from
fromw

— o

"mmdheat "

.0000E400 to
.0000E+01 to
0.0000E+00, T =

Data follow in a watrix Alir,iz), format (1{Sx,lp,l0ilx,ell.4)))

accurate deposition along the tracks
. O000E+00
. O000E+00
. O000E400
. O000E+00
. O000E+00
. O000E+00
. O000E+00
. O000E+00

0.
0.0000E+400
0_0000E+00
0_0000E+00
0.
0
0
0
[l

Drim bk MMM MNP EWEMNBEOD R

QooaE+00

0oooE+00

.0000E+00
.0000E+00
.0000E+00

annaTLaAn

-231lzZ4E-0E
_02Z1E-0E
-74ESE-0E
_.EEE4E-0E
- 3484E-05

O047E-0L

-45Z3E-05
-SZ08E-0OL
-1354E-05
-7109E-0L

O7S83E-04
Q992E-0L

-7470E-05
-4&0EE-0E
-414EE-0E
.8Z7EE-0E

ZZEEE-0L

-1&617E-05
_?e7EE-07
-0&55E-06&

a.
0.0000E+00
0.0000E+00
0.0000E+00
a.
a
a
a
ul

WHRFEFMEFMNQGAODEREEQDRFEREER&EDDDR

QooaE+o0

QoooE+o0

.000aE+00
.0000E+00
.0000E+00

AnnaTLAn

-12432E-0E
_E7E2lE-0DE
-1210E-0F
.03320E-0&

7E8ESE-05
S9Z40E-0E

-S5131E-05
- EE20E-DL
.3754E-05S
- 121ZE-0L

SE88E-05
OoO00E+00

.Z653E-05
.937eE-0E
-OEZ9E-0OE

E1ZZE-0E
42862E-05

_GZ14E-05
.0E22E-07
_0771lE-0D6&

oo O o O O O O O

MOMFERFOODHGOAODEMN&FRRFRREE

AannnAwLAn

-7EO0OE-0O4
_0771E-04
-40%0E-0E&
_EE1ZE-0E

S353E-04
09729E-0E

. SO8EE-0OS
.97L2E-0OE
-4350E-05
. Z84cE-05

44dZE-05
ES02E-0O5

.0Z40E-05
. 3E3RE-0OL
. 7049E-0E

72E4E-0F
ZB3EE-0E

-1520E-06&
-0O000E+00
.888E5E-06&

TEEEL
1000, for a total weight of L1.0000E+403
, generalized particle n. Z08
1. 3000E401 cw, 400 bins { 3.ZE00E-0F com wids)
2.3000E401 cm, 400 bins { 3.ZE00E-0Z cuw wids)
0_0000DE+DD cm
requested
0.0000E+00  0.0000E+00 0.0000E+00 0.0000E+00  0.0000E+00
0.0000E+00  0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00  0.0000E+00 0.0000E+00 0.0000E+00  0.0000E+00
0.0000E+00  0.0000E+00 0.0000E+00 0.0000E+00  0.0000E+00
0.0000E+00  0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00  0.0000E+00 0.0000E+00 0.0000E+00  0.0000E+00
0.0000E+00  0.0000E+00 0.0000E+00 0.0000E+00  0.0000E+00
0.0000E+00  0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
n AannneLnn n NMARTLAn O ANnNnTLAn N ANMATLAN n NNmnTLnn
L.9Z1EE-0OE 1.1024E-0K 2.40Z2E-0L 2.0422E-0E S.0721E-0L
29_411E5E-0& 28_10Z7E-0&% Z_.32FEZE-0OE E_4453E-0E 1. &6Z85E-0&
&.47ESE-OE 7.90EEE-0QE 2.9544E-0C &.12&0E-0E €.9LE13E-0OF
E_7037E-0& F.9447E-05 &_E13Z3E-05 Z_86&139E-0E F_.8E12E-0&
2 _EB0OE1E-0O5 Z_EZ035E-05 &_0403E-05 & 7EET7E-0OE 2.6403E-0O5
Z_L5938E-0& 4_717EE-0E Z_.7T?ZOE-0OE . 0000E+00 Z_85L54E-05
F.Z453E-0% 1. Z780E-0% Z.5243E-05 ZF.4707E-0E E_4353E-0%
Z_08932E-0&5 Z_.1897E-0&% 4_O051ZE-0OF 1.9024E-0E 4_41E54E-0K
4_4FZ35E-05% Z.4405E-05% 4_45Z8E-05 7 _.P3EBEE-O0E 1. 0735E-04
1.138ZE-04 E_2E3EE-0E 2_98Z0E-0O5 E_7254E-0E Z_8853E-0E
L _8455E-05 3.5EG4E-05 3.11Z7E-0O5 L_3L573E-0E 3.1345E-05
4_ ZZZSE-0E 4_ELE4L51E-0E 2_ZE0ZE-0OE Z.840ZE-0E Z_4997E-0&%
1.1z84E-04 4_1551E-05% 3_.47Z3E-05 1.3074E-04 1.4550E-05
Q. 7??1l0E-0OE E.04EEE-0OK 4. EZ724E-0C 7.1l04ZE-0E E.01lE4E-0OL
F.3933E-0& 4_ELE47E5EE-0E Z._0&7E5E-0OE 1.4073E-0E 1.1z37E-0&
Z.5Z93E-0F 1.Z70€E-0K 2.20Z1E-0Q7 1l.E52&4E-0QOE 0.0000E+Q0Q
Q_E3EZZE-0& F.Z00ZE-0& E_48&5E-0O& 1.&6340E-0E 1. 07325E-0&
T.1121E-0& 7_o07T73E-0& L_S9E31E-08& Z_.0738E-05 E_EZ7E3E-0O&
0. 0000E+00 O_0000E+00 1.145ZE-05 g._4999E-08 O_0000E+00
0. 0000E+00 0_0000E+00 0. 0000E+00 2 _9E&EE-05 1. &3E55E-07

oo O O O O O O O

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.000aE+00
.0000E+00
.0000E+00

TLlnn

025 EE-04
. ZEEB8E-DE
.0733E-0E
-E0E9E-0L
- 5E54E-05
FO1ZE-0L
-O1Z0E-05
-S9E24E-0L
-O515E-05
- 1728E-0DL
1158E-05
E29&E-0L
-0544E-05
.ZED2E-0E
.ESZ0OE-DOE
.?718E-0E
SEZLE-0OL
_.ZL5E0OE-05
-OO000OE+00
-13&64E-05

FORFMPEPRRWEREMNDDAWDMNMNERBFE®MN

oo O o O O O O O

FLUKA

. 000E+00
.0oooE+o0
. 000E+00
. 000QE+00
.0oooE+o0
. 000QE+00
.000E+00
.0oooE+o0

AfmmATLAn

-4542E-05
. Z2044E-0E
-7045E-05
.d&ES24E-0E
1143E-0F
2144E-0E5
. 73ZS5E-0OS
.BBEZ2E-0E
.8130E-05
-El14ZE-0E
454 5E-05
S7OEE-0OE
. S557SE-04
-0E44E-0O5
.0&Z0E-0OE
F7ESE-0OE
SEE3E-0OE
-0000E+00
-4E2EE-0O5
_8Z28E-05

FROMEPR®&F®&WOE NP6 D-DO



Code to Rearrange Data for TECPLOT

subroutine post{ IDATA, IOUT, NEEIN, NZEIN, NEPL, dr, dz )
inplicit double precision § a-h, o-z )
dimension A(1:NPEIN,1:NZEIN;
dimetision B{1:NEPL})
pi = 4. d0%atan(l.dd)
do i = 1, NEEIN

do j = 1, NEEIN

A{i,j) = 0.4d0

endda
enddo
do 3 = 1, NEPL
Bi{j) = 0.d0
enddo

HNTOT = NEEIN*NEZEIN
HLEFT = mod({NTOT-1,NEPL) + 1
NLINE = (NTOT - NLEFT)/NEPL + 1

do i =1, 1%
read (IDATA, *)
erddo

do i = 1, NLINE - 1
read {(IDATA,*) { Bi{j), § = 1, NEPL !
do & = 1, NEPL
n = {i-1)*NEPL + k

né = wod(n-1, NEEIN) + 1
nl = (n - nZ) /NEEIN + 1
AinZ,.nl) = Bk

endda

enddo
read (TDATA,*) ( Bij), 3 = 1, NLEFT |
do k& = 1, HNLEFT
n = (NLINE-1)*NEPL + k

né = modin-1 NEEIN) + 1
nl = in - n2) /HEEIN + 1
AlnZ,nl) = Bik)

erddo

fluka data i= in GeV/ewdfproton, output shall be in W/nm3 md
cfac = 1.0elZ
write (IOUT,*) 'TITLE="HGEN"'
write (IOUT,*) 'VARTABLEZ="r" "z" "og"'
write {(IOUT,*) 'ZONE I=' NEEIM, ' J=',k NEEIN, ' F=POINT'
suml = 0.4d0
sumz = 0.d0
do 3 = 1, NEEIN
2 = (j-0.8)*d=*le-Z
do i = 1, NEEIN
r = (i-0_&)*dr*le-2
write (IOUT,*) v, =z, cfac*h(i, j]
suml = suml + r*cfac*d{i_ j)
iffz.ge_ (0. 1l) . and r. 1t (0_13)) sumZ = =sums + r¥*cfac*i{i, J}
iff{z.gt.(0.0)) then
rad=dsgreir**2+ (2-0_0)**Z)
ifirad 1c_(0.13)) sumZ = sumZ + r*cfac*h{i j)

endi £
enddo

etddo
ht tot = Z. d0*pi*suml*dr*dz*1l.0e-4/1_0e&
ht win = Z.d0%*pi*sumZ*dr*dz*l.0e-4/1.0e3
write(*,*) sumz, suml

write (* 100} "Total Heat Deposited (in MW/md) = ", ht tot
write (* 100} "Heat Deposited in Window (in kW/wmd) = ", ht win
format (1x,a40, £10.2)

return

etd



TITLE="HGEN"

VARTABLES="x"
Z0ME I= 50 J=
O_00l54222395
o_onL5z4222537
O.00374392375
O.01lz&42935357
O.017545933:5
0.02Z14499335
O_0z5324999394
O_0z3z493992393
O_033214222333
O_037042322337
O.040945933]1
O.0443499395
O.045745923259
O0.0525642923235
O_0&5554999237
O_0c044993985
O_ 054342329386
O_0e2z42322335
O.07214995584
O.07&s045935232
O.07334992332F7
0.08334292331
o_o27749398
O_091a49398
0_0255493379
O_02344222773

=

o

400 F=FOIMNT

o_0o0lz74293397
o_0o0lz74293397
O.001374959337

O.001z7499337
O.001z7499337
O.001l374993327
O_.001z374999397
O_.001z374999397
O_.001z374993327
O_.001z374993327
O_.001z7495337

0.001lz274553357

0.001l=z745533357
0.001lz7433337
o_o00lz7499337
o_o00lz7499337
o_o00lz74993337
o_o00lz74993337
O_00l1lz74593357
0.001l=z745533357
0.001l=z745533357
0.001lz7433337

o_001lz749993397
o_001lz749993397

o_o0lz374293397
o_o0lz374293397

0.1032343333
O_.107z4333%
O.111143335%
O_115042397
O.1189455997
O.1lzzg843939397
O.1Ze743337
O.1z20542337
O.1345433397
O_.1lz8443397
O.14z2324323337
O.1l45z24232397
O_.1501455397
O_.15404559397
n 157949995

O.00lz745953937
O.00lz74353237
O.00lz74353237
o.oolz742399397
o_o00lz74933337
o_o00lz74933337
o_00lz7433337
o_00lz7433337
O.00lz745953937
O.00lz74353237
O.00lz74353237
o.oolz742399397
o_o00lz74933337
o_o00lz74933337
n NN1a7499997

o.
o.
0.

lzgdzE9_ 9393
451629 _ 998
2l54585%_ 5933
ZZ32=3=23_3933
Zle0z3_5933
145153 _ 333
lz3389_39393
log4l00.

f4175 9997

Data arranged
for TECPLOT



Thank you



Rectangular parallepiped (RPP)

RPP X ., X Y ins Y Lo, L

min? min? min?

max?

max? max




Right Circular Cylinder (RCC)

RCC VX, Vy, Vz, Hx, Hy, Hz, R

fig. B4: Right Circulr Clinder (ROC)



Sphere (SPH)

SPH Vx, VY, Vz, R

VWY
R

Fig. mx Sphars ETH)




Plane perpendicular to Z axis (XYP)

XYP Z

Fig. 8.10: Infinite half-space delimited by a plane per- U |
pendicular to the z axis (XYP)



Compound

If WHAT(1) > 0.0 and WHAT(2) > 0.0:

WHAT(1) atomn relative content of first material in the compound
WHAT (2) = index of first material

If WHAT(1) < 0.0 and WHAT(2) > 0.0:

I'WHAT(1)| = mass fraction of first material in the compound
WHAT(2) = index of first material

If WHAT(1) < 0.0 and WHAT(2) < 0.0:
I'WHAT(1)| = wvolume fraction of first material in the compound
I'WHAT(2)| = index of first material

No default

In a similar way, WHAT(3) and WHAT(4) refer to the second material in the compound, WHAT(5) and
WHAT(6) to the third one.

SDUM : name of the compound

J

Default (option COMPOUND not requested): no compound is defined

For more than three materials in the same compound, add as many COMPOUND cards with the same SDUM
name as needed (but the maximum number of components per compound is 80, and the maximum total
number of components is 1000).



Continuation card: (not needed if the defaults are acceptable)

WHAT(1) = For R—Z and R—Z binning: Rmin

WHAT(2) =For R—Z binning: X coordinate of the binning axis.

WHAT(3) =For Cartesian, R—Z and R—Z binnings: Zmin

WHAT(5) =For R—Z: number of bins. (Defaultis R—Z = R-Z, i.e., 1 bin)

WHAT(4) =For R—Z and R—Z binning: number of R bins

WHAT(6) =For Cartesian, R—Z and R—Z binnings: number of Z bins

SDUM = “&” in any position in column 71 to 78 U|



RANDOMIZE:

WHAT(1) : logical file unit from which to read the seeds.
Default = 1.0 (reads the random number seeds from unit 1)
WHAT(2) =any number < 2 - 109 (see Note 5)

befault = 1234598765

WHAT(3) - WHAT(6), SDUM: not used



START: Defines termination conditions, gets a primary from a beam or from
asource and starts the transport.

WHAT(1) =maximum number of primary histories

WHAT(2) : not used

WHAT(3) =time left for termination and printout (in seconds)

WHAT(4) : not used

WHAT(5) = 0.0: a line reporting the number of calls to the random number
generator (in hexadecimalform) is printed at the beginning of each history only
for the first ones, and then with

decreasing frequency

> 0.0: the number of calls is printed at the beginning of each history.

WHAT(6) =time reserved for an interactive run U|

SDUM : not used



WHAT(1) : code indicating the type of binning selected. Fach type is characterised by a number of
properties:

structure of the mesh (spatial: R-Z, R—-7, Cartesian, or special — by region, or
user-defined )
quantity scored (energy, star, fission, neutron balance, specific activity or track-length

density)

method used for scoring, (old algorithm where the energy lost in a step by a charged
particle is deposited in the middle of the step, or new algorithm where the energy lost
is apportioned among different bins according to the relevant step fraction — see more
in Nate 7)

mesh symmetry (no syvmmetry, or specular symmetry around one of the coordinate
planes, or around the origin point)

= 0.0: Mesh: Cartesian, no symmetry

Cuantity scored:

—if WHAT(2) = 208.0, 211.0, 220.0 or 220.0: energy density |deposited
with the old algorithm at midstep, see Note T

— if WHAT(2) = 219.0, 220.0 or 221.0: fission density

— if WHAT(2) = 222.0: neutron balance density

— if WHAT(2) = 234.0 or 235.0: specific activity

— otherwise, density of stars produced by particles (or families of particles) with
particle code = WHAT(2)

: Mesh: R-Z or R—-Z, no symmetry. @ is the azimuthal angle around the 7 axds,
measured from —7 to 4+ relative to the X axis.
Ouantity scored: same as for WHAT(1) = 0.0

: Me=h: by region (1 bin corresponds to » regions, with n = 1 to 3)
Cuantity scored: same as for WHAT({1) = 0.0

: Mesh: Cartesian, with symmetry + X (i.e., |x| is used for scoring)
Quantity scored: same as for WHAT(1) = 0.0

: Mesh: Cartesian, with symmetry + Y (i.e., |y| is used for scoring)
Ouantity scored: same as for WHAT(1) = 0.0

: Mesh: Cartesian, with symmetry + Z {ie., | 2| is used for scoring)
Cuantity scored: same as for WHAT({1) = 0.0

: Mesh: Cartesian, with symmetry around the origin (i.e., |xz|, |yl and |z| are used
for scoring)
Cuantity scored: same as for WHAT({1) = 0.0



WHAT(2)

WHAT(3)

= 7.0: Mesh: R-Z or R—0-Z, with symmetry + Z (i.e., |z| is used for scoring)
Cuantity scored: same as for WHAT(1) = 0.0
= 8.0: Special user-defined 3-D binning. Two variables are discrete (e.g., region number),

the third one is continuous, but not necessarily a space coordinate. See 13.2.9 for
instructions on how to write, compile and link the user routines.

Variable Type Default Override routine
1 integer region number MUSEER
gnd integer lattice cell number LUSRBEL
3rd continuous  psendorapidity FUSRBV

= 10.0: Mesh: Cartesian, no symmetry
Cuantity scored: if WHAT(2) = 208.0, 211.0, 229.0 or 230.0: energy density
{apportioned with the new algorithm along the step as explained in Note 7).
[f WHAT(2) = 219.0, 220.0 or 221.0: fission density.
Otherwise: fluence (track-length density) of particles (or families of particles) with
particle code = WHAT(2)

= 11.0: Mesh: R-% or R—3-Z, no symmetry
Cuantity scored: same as for WHAT(1) = 10.0

= 13.0: Mesh: Cartesian, with symmetry + X {|x| used for scoring)
Cuantity scored: same as for WHAT(1) = 10.0

= 14.0: Mesh: Cartesian, with symmetry + Y {|y| used for scoring)
Cuantity scored: same as for WHAT{1) = 10.0

= 15.0: Mesh: Cartesian, with symmetry + Z (| 2| used for scoring)
Quantity scored: same as for WHAT({1) = 10.0

= 16.0: Mesh: Cartesian, with symmetry around the origin {|x1, Iy |, |=z| used for scoring)
CJuantity scored: same as for WHAT{1) = 10.0

= 17.0: Mesh: R-Z or R—0-Z, with symmetry + Z (|z| used for scoring)
Cuantity scored: same as for WHAT{1) = 10.0

Default = 0.0 (Cartesian scoring without symmetry, star density or energy density

deposited at midstep with the old algorithm)

: particle {or particle family) tvpe to be scored
If WHAT(2) = 208.0, 211.0, 229.0 or 230.0: if WHAT(1) < 10.0, the binning will score
energy deposition with the old algorithm.
If WHAT(1) = 10.0, the new deposition algorithm will be used {more accurate, see Note 7).
Any other particle (or family of particles) requested will score:

— if WHAT(1) < 10.0, density of stars produced by particles {or family of particles) with
particle code = WHAT(2). Of course, this choice is meaningful only for particles which
can produce stars (hadrons, photons and muons).

— if WHAT(1) > 10.0, fluence of particles {or family of particles) with particle code =
WHAT(2).

MNote that it is not possible to score energy fluence with this option alone (it is possible,
howewver, by writing a special version of the user routine FLUSCW — see 13.2.6)

Default = 208.0 (total energy density)

logical cutput unit:
0: formatted data are written on WHAT(3) unit
0: unformatted data are written on |WHAT(3)| unit
Values of IWHAT(3)| < 21.0 should be avoided {with the exception of +11).

> 0.
< 0.

Defanlt = 11.0 (standard output unit)



WHAT(4) = For Cartesian binning: X, ..
For B2 and R Z bmning: R ax
For region binning: last region of the first region set
For spercial binnings, npper limit of the first user-defined wvariable (last region if the default
version of the MUSREER routine is not overridden)

Default: No default

WHAT(5) = For Cartesian binning: Y, nax
For B—¥ binning: Y coordinate of the binning axis.
For region binning: last region of the second region set
For special binnings, upper limit of the second user-defined variable (last lattice cell if the
default version of the LUSREL routine is not overridden )

Default: No default

WHAT(6) = For R—Z, R—P¥ and Cartesian binnings: &, ..
For region binnings, last region of the third region set
For special binnings, upper limit of the third user-defined variable (n,... if the default version
of the FUSREV routine is not overridden)

Default: No default

SDUM = any character string (not containing “ & ") identifying the binning (max. 10 characters)

Clontimuation card: (not needed if the defaults are acceptable)

WHAT(1) = For Cartesian binning: X,,:. (if X symmetry is requested, X;. cannot be negative)
For B4 and R—&—Z binning: R,
For region binnings, first region of the first region set. Default: equal to last region

{= WHAT({4) in the first USRBIMN card)
For spercial binnings, lower limit of the first nser-defined variable (first region if the default
version of the MUSEBER routine 1s not overridden)

Defaunlt = 0.0

WHAT(2) = For Cartesian binning: Y,.:. (if ¥ symmetry is requested, Y ..;. cannot be negative)
For B—Z binning: X coordinate of the binning axis.
For region binnings, first region of the second region set. Default: equal to last region
(= WHAT(5) in the first USRBIMN card)
For special binnings, lower limit of the second user-defined wvariable (first lattice cell if the
default version of the LUSREEL routine is not overridden)

Default = 0.0
WHAT(3) = For Cartesian, R—¥ and R—0-¥F binnings: Z .. (if £ symmetry is requested, £, cannot be
negative)
For region hinnings, first region of the third region set. Default: equal to last region

(= WHAT(8) in the first USREIN card)
For special binnings, lower limit of the third user-defined variable (1., if the defanlt version
of the FUSREV routine is not overridden)

Defanlt = 0.0

WHAT(4) = For Cartesian binning: number of X bins. {Drefanlt: 30.0)
For B—% and R—@—Z binning: number of B bins (default: BO_0)
For region binnings, step increment for going from the first to the last region of the first
region =et. (Defanlt: 1.0)
For special binnings, step increment for going, from the first to the last “region” (or similar).
(Drefanlt: 1.0)



WHAT(5) = For Cartesian binning: number of ¥ bins.  (Default: 30.0).
For B—0-%: number of @ bins,  (Default is B—-d-Z = R-Z, i.e., 1 P hin).
For region binnings, step inerement for going, from the first to the last region of the second
region set.  (Default: 1.0).
For special binnings, step increment for going from the first to the last “lattice cell” {or
similar).  (Default: 1.0).

WHAT(6) = For Cartesian, R-7 and R—0-Z binnings: number of Z bins (default: 10.0 for Cartesian,
B0.0 for R-Z and R—3-7)
For region binnings, step increment for going from the first to the last region of the third
region set.  (Default: 1.0).
For special binnings, number of intervals for the third variable (“y”, or similar).  (Default:
1.0).

SDUM = “&" in any position in column 71 to 78 (or in the last field if free format is used)

Default (option USREIN not given): no binning





