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Kuraray ArQ| spectrum table

650

Y—11Absorption Y-11Emission
Wavelength | Absorption | WaveLength | Emission "
350 -0.03257 43q 0.008955 ) [
360 -00487 44 o] o 'f\v\ |\:M?°|?m[:
370 -007234 445 0010746/ | o5 f
380 -0.14634 as0| 0.023881] | ¢ o4 .',, \
390, -0.2894 460 020597 | £ °2
g o0
400 -046341 470 0.72835¢ % B
410 06016 479 oseraes | § 1 N |
415 063577 477 | N [
420 -0.73984 480{ 0.979104| | —os \V J
428 -095934 491 0.719403 -
430 ! 499 0692527 B 2350 400 450 500 550 60O
435 -0.85834 505 0.767164 Wiavelength(nm)
440 -0.8374 507 0.773134
443 -0.77642 510 0.752239
448 -080081 520 0.546269
450 -0.8455 526 0.40587)
452 -0.8617S 530 0.328356
455 -0.881 533 0.208507]
460 -08048 536 0.280597
4700 -031707 540 0.256716
475 -0.11382 550 0.191045
480 -003252 560 0.128358
485 -00081 570 0.071642
480 580 0.041791
500 590 0.026866
600 0.019104
610 0.010748
621 0.00597)
630 0.002985
64 q

Fig 4 Absorption&FEmission Spectra of ¥-11

- (@Absorption and Emission spectra

Please see the attached file. And Quantum efficiency of Y-11 is nearly 0.85~0.9.

If you tell me the detail of the simulation or what you want to do, | could make some advice.
(Probably, we should use trapping efficiency in addition to the Spectrum and QE.)

| think what you want to do is below(If wrong, please correct and tell me what you do).
[Final detection efficiency of the fiber?]
- Absorption Step
Depending on the wavelength of the incident light, Fiber absorb the light (Absorption spectra).
- Fluorescence Step
Many of the absorbed light change fluorescence light (QE=0.85~0.9)
- Fiber Step
A part of the fluorescence was trapped in the fiber(Trapping efficiency).
#:Many fluorescence travel away from the fiber.
Z:Multi cladding is better than single cladding.
= Transmission Step
Depending on the fiber length and the fluorescence wavelength, the light decrease.
- Detection Step
The transmission light reach the detector which has different wavelength sensitivity.



Code

Gddouble WLS_absorpt on_phot on_energy([] =
{
350., 360., 370., 380., 390., 400., 410., 415., 420., 478.,
430., 435., 440., 443., 448, 450., 457., 455., 460., 470.,
475., 480., 485.// 490.//, A00,
i
const Gdint Entry_WLS_abs = sizeof(WLS_absorpt ion_photon_eneray) / sizeof(Gddowble);

for (Gdint i =0; i <Entryv_ LS abs: i++)
{

¥

Gddouble WLS_absorpt ion_length[] =
1

WLS_absorpt ion_photon_energw[i] = (1242.1875 / WLS_absorpt ion_photon_energy[il) = eV

0.03252, 0.04878, 0.07236, 0.14634, 0.28943, 0.46341, 0.60163, 0.63577. 0.73984, 0.95935,
1., 0.95935, 0.8374, 0.77/647, 0.80081, 0.84553, 0.86179, 0.8813, 0.80488. 0.31707,
0.11382, 0.03252, 0.00813//, 0.000000000000000001, 0.

i

Gddouble Parameter_k = 0,00638;

Gddouble Concentration = 200, .

for (Gdint i =0; i =<Entry_WLS_abs; i++)
1

k
Core_npt —=hddProper tvi "WLSABSLENGTH", WLS_absorption_photon_eneray, WLS_absorption_length, Entrv_WLS_abs);

PLS_absorption_lengthli] = (0.434294481903251827851 12891 8916605032294387005303666065 / (Parameter_k » Concentration = WLS_absorption_length[i]ld) » mm;



Bad event
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Bad event
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Manual for G40OpWLS

Listing 5.7 Specification of WLS  properties

DetectorConstruction.

const Gdint nEntries = 9;

Gddouble PhotonEnergy[nEntries] = { 6.6+«eV, 6.7+eV, 6.8:eV, 6.9:2V,
T.0xeV, T.1lxeV, T.2:xeV, T.3xeV, T.4+eV };

Gddouble RIndexFiber [nEntries] =

{ 1.60, 1.60, 1.60, 1.60, 1.60, 1.60, 1.60, 1.60, 1.60 };
Gddouble AbsFiber[nEntries] =

{0.1*mm, 0.2+*mm, 0. 3*mm, 0.4*cm, 1.0*cm, 10*cm,1.0%m, 10.0*m, 10. 0*m};
Gddouble EmissionFiber [nEntries] =

{0.0, 0.0, 0.0, O.1, O.5, 1.0, 5.0, 10.0, 10.0 };

GdMaterial+ WLSFiber;
GdMaterialPropertiesTables MPTFiber = new GdMaterialPropertiesTable();

METFiber->AddProperty ("RINDEX", PhotonEnergy, RIndexFiber, nEntries);
MPTFiber->AddProperty ("WLSAESLENGTH", PhotonEnergy, AbsFiber, nEntries);
MPTFiber->AddProperty ("WLSCOMPONENT", PhotonEnergy, EmissionFiber, nEntries);
MPTFiber->AddConstProperty ("WLSTIMECONSTANT", 0.5xns);

WLSFiber->SetMaterialPropertiesTable (MPTFiber);



Code(before)

Gddouble WLS_absorpt fon_photon_energy[] =
{
350., 360., 370., 380., 390., 400., 410., 415., £0., 428.,
430., 435., 440, 443., 448, 450., 452, 455., 460., 470,
475., 480., 485., 490.//, 500
¥
const Gdint Entry_WLS_abs = sizeof(WLS_absorpt ion_photon_eneray) / sizeof(Gdouble); Ol [[H absorption |ength7f _?_'6|-|:H

| I—
-1{‘0r {Gdint i =0; i =<Entry_WLS abs; i+t) E I:él-t}

¥

WLS_absorpt i on_photon_eneragv[i]l = (1242.1875 / WLS_absorpt ion_photon_senergyLi

Gddouble WLS_absorpt ion_length[] =
1

1., 0.95935, 0.8374, 0.7764 1, 0.84553, 0.86179, 0.8813, 0.80488, 0.31707,
01138, 0.03252, D.DDB]S .
¥

Gddouble Parameter_k = 0.00633;

Gddouble Concentration = 200.;

for (Gdint i = 0; i =<Entrv_ULS_abs; i++)
1

¥
que_mnt—%ddPronertﬂ"'.'.'LSF\EELENGTH", '.'H__S_abscurntionjhc:-ton_energy, BLS_absorption_length, Entry_WLS_abs);

WLS_absorption_length[i] = {D.43429448130325182755112891 8916605082294 07005803666066 / (Parameter_k = Concentration = YLS_absorption_length[i])) = nm;



Bad example

Useful tips viewer-0 (OpenGLStoredQt) )

Output & X
Threads: [All =l a @ e
== ========== ====================== ]
### Run 0 start.

———————— EEEE ------- G4Exception-START -------- EEEE -------

G4Exception : ProcMan201

issued by : G4VProcess::SubtractNumberOfInteractionLengthLeft()
Negative currentInteractionLength for OpWLS
*#** Event Must Be Aborted #*#*#
EEEE G4Exception-END EEEE

number of event = 1 User=0.15s Real=0.47s Sys=0.01s =
File simulateDCV.root has been saved. =l

Session : |
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Code

Gddovble WLS_absorpt | on_photon_eneray(] = absorption lengthE O 7| Al ArAE Y
{ .
WLS absorptionO| 0|Lt= A= S

J80., 360., 370.. 380., 380., 400., 410., 415., 420., 428.,
430., 435., 440., 443., 448., 450., 4A52., 455., AG60., 470.,
475., 480., 485., 490.//, 500.

b

const Gdint Entry_WLS_abs = sizeof(WLS_absorpt ion_photon_energy) / sizeof(Gddouble),

for (Gdint i =0 i =Entryv WS abs; i++)
{

¥

Gddouble WLS_absorption_length[] =

WLS_absorpt ion_photon_energy[i] = (1242.1875 / WLS_absorpt ion_photor energy[i]) = e¥;

1
0.032%2, 0.04878, 0.07236, 0.14634, 0. 289-*-13 0.4634, 0.60163, 0.63577, 0.73984, 0.95935,
1., 0.95835, 0.8374, 0.77647 A. BE]?EI 0.8813, 0.80488, 0.31707,
0. 11382 0.03252, 0.00813, . DDDDDDDDD]EIDDDDEI o,

b

Gddouble Parameter_k = 0,00638;

Gddouble Concentration = 200,

for (G4int i = 0; i =<Entry_ LS abs; i++)
1

ks
Core_npt —=kddPropertw "WLSABSLENGTH", WLS_absorption_photon_enerav, WLS_absorption_length, Entry_WLS_abs)

¥LS_absorption_lengthli] = (0.434294431303251 827851 12891 8916605082294307005303668066 / (Parameter _k » Concentration = WLS_absorption_length[il)) = mm:



Visualization




Transmission loss

Transmission LOSS  -------—--—---mmmmmm oo

+ (DTransmission Loss
| explain to use sample condition below.

' ' - Fiber length:1m
2000 1l + Transmission Loss 500dB/km
- Incident Light power lg=1 W

R —— Y-?{IU‘UJ - Detection Light power |4

Y—B{I 5{]) 1st step we calculate transmission Loss of 1m fiber(=X).
—Y—11{2UU:| 1m=1/1000 km
500dB/km > 1/1000 km =0.5 dB (=X)
2nd step we calculate detection light power |4 to use the relation between light power and transmission loss.
X=-10>Log10(l4 / Iy)
=Log10(l4 / 1g)=-X/10=-1/20
=14/ 1p=104(-1/20)
=14 =0.89 x g

1500

1000

Loss [dB/km]

500

So in the case(Transmission Loss 500dB/km and fiber length 1m)=The detection light's power decrease to the 89% power of
incident light.

0 # Caution

Transmission loss change when the wavelength of light change because the light transparency of polystyrene differs. See our

400 500 600 700 catalog data(Transmission Loss graph)
Wavelength [nm]

11



Transmission loss

« Change unit of transmission loss[dB/km] to absorption length.

By _ I =1
al—] = 1010gl0 and e =1

10

Therfore [, = ——

>> |In this case, minimum absorption length is about 2.5 m and

maximum absorption length is about 19 m. (too long)



The number of photoelectron

« X|@7tX|= &1ZF 2| Transmission lossO| Al dB/kmE km TH{ 2| absorption
length2 HiE & ArESHRACE.

« SFX|OF O] A2 NPEQ| ZrO| O =H LIEFSECE

« O|= Geant40f| A input2 = 2f&35t= parameter= bulk absorptionO|7| =0l
transmission loss2t= CH= 7 E 0|,

- 2tM NPEQ| Zt= 2HEY == U= absorption lengthE & OFFQILCTH



Absorption length = 4 m (20cm 4.7mm)

18

16

14

12

10

NPE_al {Edep!=0}

I

htemp

Entries
Mean
Std Dev

|”| |"| 1 |”

ﬂ......ﬂmﬂﬂmn.

180

NPE_al

25

20

15

NPE_tied {Edep!=0}

htemp

Entries 653
Mean 163.9
Std Dev 32.65

HRIF Il ..|||||...|||||...||||||..|.|ﬂ“|.ﬂﬂmlﬂ.|

180 200 220 240 260 280

NPE_tied
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Absorption length = 2 m

18

16

14

12

10

NPE_al {Edep!=0)

htemp
— Entries 646
— Mean 100.5
— Std Dev 21.04
:1 J"J |H| |"| ﬂ Lo b b by a1y “I | ||”||]ﬂ1” 1
20 40 60 80 100 120 140 160 180
NPE_al

25

20

15

10

NPE_tied {Edep!=0}

htemp
Entries 646
Mean 139.8
Std Dev 28.84

|:_||-|ﬂ [l ”l’_IH [l

200 250
NPE._tied
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Absorption length

24
22
20
18
16
14
12

om-&-mm

NPE._al {Edep!=0)

I""I’J.!J.‘IIIIJJJIIIIIIIIH’-I_‘HH“"III"I

htemp
Entries 642
Mean 89.4
Std Dev 17.93

40

60

80

100

120

140

160
NPE_al

T m

NPE_tied {Edep!=0}

_ htemp
22— Entries 642
— Mean 104.4
20— Std Dev 20.61
18—
16—
14—
12—
10— |
8
6—
4
= |
Olﬂnﬂllullllljjjlll IIHIHIHIHIJJ]JJHI
80 100 120 180 200

NPE_tied
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Absorption length = 70 cm

NPE_al {Edep!=0)

htemp
— Entries 645
R Mean 83
25— Std Dev  18.05
20 [
15—
10— m
51—
UT ITIHH [ A T TN T NN TR SR S N SR N H””H |_||_|HJ-|H 1NN
40 60 80 100 120

NPE_al

20

18

16

14

12

10

NPE_tied {Edep!=0}

htemp
— Entries 645
— Mean 82.16
— Std Dev 17.05
L |” H I TIRN SR N N TR SO SO N N H ’JI-H |-| 1 N 1 H "J
40 80 100 120 140

NPE_tied
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Absorption length = 50 cm

NPE_al {Edep!=0} NPE_tied {Edep!=0}
htemp htemp
- Entries 679 30— Entries 679
— Mean 73.79 — Mean 58.5
25— Std Dev  15.72 — Std Dev  13.05
— 25 —
20— |
o 20—
15— :
10 — 10 :_
5 — 5 :_
O_lﬂl ] L |JH" J110 0_ T 1 1 1 1 R |J-|—”_|HJ-‘ |
20 120 20 40 100
NPE_al NPE_tied
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Experimental data

The number of Photoelectorn
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