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I. Sequences and Gated |[2]

A standard double-clad optic fibre is depicted scaically below. The Regina group
in GlueX has tested such fibres, having an outamdier of 1 mm, from three
manufacturers: Pol. Hi Tech, Kuraray and BicronGgibain.

Fig. 1: Double-clad optic fiber (not to scale)

It is composed of three parts.

i.  The core with a radius;R0.046¢cm, o) |
index of refraction (IOR);r1.6 and
attenuation length estimated around 350ciRig.2: Construction of core

ii. The T cladding with a radius £0.049cm, A
index of refraction (IOR).r1.49 and @)
attenuation length estimated around 1200&m.3: Construction of clad 1

ii.  The 2 cladding with a radius £0.050cm,
index of refraction (IOR)sr1.42 and
attenuation length estimated around 1200chy.4: Construction of clad 2

Each of these parts constitut&equence” in the language of Guideit. A sequence is
every virtual area in the simulation where a photalhchange behaviour due to the
different material that the area is made of. So dhee is represented as th& 1
sequence, the first clad as tH8 equence and the second clad as theeguence of
our simulation.

Each sequence is a 3-D object (solid body) thaimsted/created/surrounded by
various surfaces. Let's describe the surfacesdbasist the sequences of the above

fibre.



Core: is represented by a cylinder and 2 disks.
Clad 1: is represented by 2 cylinders and 2 disks.
Clad 2: is represented by 2 cylinders and 2 disks.

Each surface is &ate” in the language of Guideit, because a photon caer @r
exit a sequence through a surface and we can d#imenvay each surface will
function. Before doing that, it is convenient t@ahthe categories of the gates (GATE
TYPES) that Guideit provides and how each works.

» TOPGATE is a surface that books the photons faltingt and passes them to the
next sequence. (We are going to use it for thegrtsowvhich penetrate a surface).

» BOTGATE is a surface that books the photons falbmgt and passes them back
to the previous sequence. (We are going to userithfe photons which don’t
penetrate a surface and they are reflected by it).

» GATE is a surface that books the photons fallingt@md then it terminates them.
(We are going to use it for the photons, which imgei on a surface, penetrate it
and then they continue to an area out of our isterestudy).

Each surface in a sequence is characterised bybttee above GATETYPEs and

should be given an individual gate-number differoin the other surfaces of the
sequence.

On the contrary if we define a surface as a NONETEAno gate —number will be

given to it and the photons falling on it will rioé booked and they will be terminated.
(We characterise a surface as a NONEGATE whertatadly out of study).

Now we are ready to define each surface of eadhes®g of our optic fibre.

Let’s begin with the core.

It consists of 3 surfaces so it has 3 gates. We e following gate numbers to the

surfaces:

Cylinder—-> gate # 1

Upstream disk> gate # 2

Downstream disk> gate # 3

Afterwards we will specify how each gate will fuimct.

We define gate # 1, that is the cylinder, as a TAPE because we want the photons
that are going out of the cylinder to be booked @ngass to the next sequence that is
the first clad. Then we define the gates 2 andriplsi as GATEs because we just want
to book the photons, which pass through them, bed to be terminated.

Clad 1 consists of 4 surfaces so it has 4 gatesgiWethe following gate numbers to
the surfaces:

Inside cylinder> gate # 1

Outside cylinder> gate # 2

Upstream disk> gate # 3

Downstream disk> gate # 4

Then we define gate # 1, that is the inside cylinéds a BOTGATE. We do this

because we want the photons that pass that susificelirection from clad 1 to the

core to enter the previous sequence, that is thee édso the photons that fall on that



surface with direction from the core to the cladvithout penetrating the surface
should be reflected back to the core. Of coursthaie photons will be booked.

We define gate # 2 that is the outside cylindea 3OPGATE, because we want the
photons that are going out of the cylinder to beked and to pass to the next
sequence that is the second clad. Then we defengates 3 and 4 simply as GATEs
because we just want the photons, which pass thrthegn, to be booked and then to
be terminated.

Lastly the second cladding consists of 4 surface# bas 4 gates too. We give the
following gate numbers to the surfaces:

Inside cylinder> gate # 1

Outside cylinder> gate # 2

Upstream disk> gate # 3

Downstream disk> gate # 4

Then we define gate # 1 that is the inside cylirameea BOTGATE. We do so because
we want the photons that pass that surface widttian from the clad 1 to the core to
enter the previous sequence that is the core. thisghotons that fall on that surface
with direction from the clad 1 to the clad 2 withquenetrating the surface to be
reflected back to the core. Of course all theseaqyisowill be booked.

Then we define gates 2, 3 and 4 simply as GATEs&aus we just want to book the

photons, which fall on them, and then to be tertaitia

It should be noted that we give a gate number ¢oatitside cylinder and we don’t

assign it as a NON GATE (as in previous wdiks [4]) because we wish to book the
outgoing photons before terminating them.

Guideit gives us the chance to investigate in gobsail the path of the photons

through every sequence and to create various histogyof interest.

Il. 10R and REALM [2]

At this point we are going to discuss about twdirsg$ of great importance for the
correct configuration of running Guidelt.

For each surface one has to specify two IndiceR€ffaction (IOR), the internal
index and the external index. The REALM settingirtef whether an incident photon
is expected from inside or outside. Things are mamplicated and the whole
problem lies on the choice of definition of the Site” and the “outside” area of a
surface.

The first part of my study was made using thersgdtthat are used by most persons
studying optic fibres. The second part was madeflprusing the settings that we
consider as the correct ones. Here we are goidgsoribe both sets of settings.



FIRST PART

Inside IOR Outside IOR REALM
Cylinder 1.6 1.49 Inside
Core Upstream disk 1.6 1.6 Inside
Downstream disk 1.6 1.6 Inside
Inside Cylinder 1.6 1.49 Outside
Clad 1 Outside Cylinder 1.49 1.42 Inside
Upstream disk 1.49 1.6 Inside
Downstream disk 1.49 1.6 Inside
Inside Cylinder 1.49 1.42 Outside
Clad 2 Outside Cylinder 1.42 1/1.6 Inside
Upstream disk 1.42 1.6 Inside
Downstream disk 1.42 1.6 Inside
Table 1

Lets focus on the two inside cylinders of claddir{gs pink color on the table).
REALM is set to “Outside” since incident photong @oming from core in the first
occasion and from the®icladding in the second. So far so good, but whaiit
IORs? It is easily observed that in both casesidil is considered not the IOR of the
corresponding sequence but the IOR of the sequeaf@e it. At the same time
“outside” is considered the IOR of the sequence.

Since | disagree with that way of thinking | chatigleose settings and | created a

SECOND PART

Inside IOR Outside IOR REALM
Cylinder 1.6 1.49 Inside
Core Upstream disk 1.6 1.6 Inside
Downstream disk 1.6 1.6 Inside
Inside Cylinder 1.49 1.6 Outside
Outside Cylinder 1.49 1.42 Inside

Clad 1 - -
Upstream disk 1.49 1.6 Inside
Downstream disk 1.49 1.6 Inside
Inside Cylinder 1.42 1.49 Outside
Outside Cylinder 1.42 1/1.6 Inside

Clad 2 - -
Upstream disk 1.42 1.6 Inside
Downstream disk 1.42 1.6 Inside

Table 2

Our opinion is that for each sequence “inside” iBatever belongs to it and is
contained in it. So although we agree with the REIAdettings, we changed the IORs
in both inside cylinders of both claddings (cyafoc@n the table).



[ll. Calculation of the mean speed of a photon tragling in core and clad 1

It is convenient to calculate the mean speed diatqn bouncing on the®cylinder
as to be able to calculate its path length later.

Guidelt calculates the mean time of flight of a f@moexiting at the end of the fiber at
each sequence. When a photon belongs to the ssegn@nce (that is the clad 1) it
definitely travels in both core and clad 1 bouncongthe surface of the’d3cylinder
that separates the two claddings as it is showowb&r the blue ray:
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Fig.5: Trapped photons in core and in cladding 1 (nacade).

Since the critical angle of refraction for the sgpiag surface of the 2 claddings is:

SnellA:  sing :n&: @ =72.36
2
And using the Snell's law at B we find the emissangle for photons captured in the
first cladding:

sing="2 sin¢>& sing => 6> 62.56=0< 27X
n n
The mean speed of light can be calculated sireeirtie of flight is known. In order

to calculate the photon path approximately theaation is neglected (because the
thickness of the clad 1 is the 3% of the diametéh® core) so that the photon path is
assumed as linear (since the angles are very somgllas it is shown at the figure

below:
\da(ﬂ/Z

Dcore

Xcore
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Fig.6: Double-clad optic fiber (not to scale) and geormetpproximation to calculate the mean photon
path.




The mean time of flight given from the histo_file @vh the histograms are booked)
for the 29 sequence it is obviously the time of the photon travefirthe core plus the
time traveling in the clad 1:

tOfl - Score + Scladl (l)
C

core CcI adl

But this time should be equal to the total path divibgdche mean speed of light
traveling through core and clad 1: S
tofl:E (2)

The total path is equal to the path in the core plus theipabe clad 1:

S= Score + Scladl (3)
Knowing that the thickness of the first cladding is 8% of the fiber diameter
according to the figure it holds:

Dcore — Xoore 092mm _ 2Xcore
= =

%OO D fiber Xcl adl/2 %Oolrnm Xcl adl

3
= 92Xca = 6Xcore = Xca =— Xcore 4
ladl ladl 46 ( )

This relation holds also for the total path in the core the clad 1 that is:

6
Siagt =— S
cladl 92 core (5)

©)
(0, (2)= e 4 i = S5

‘core ‘cladl C

Soore + Sdadl — Soore tscladl g
Coore Ccladl
Sore +_6800re :_1(Score +—6800rej = 1 + 6 _98 =
Coore 92Ccladl c 92 core 92Ccladl 0z
92Ccladl + 6Ccore - 98 = E - 98Ccoreccladl
92Ccoreccladl 926 92Ccladl + 6Ccore
¢ =1882925587/ =~ 1883/,
c, _ 3009y
Where  Coe = 0= 16 s = 1875010° o, =18,75%%, is the speed of light
in the core



c, _ 300°m,
and G == 20 70 =2,0134228218%= 208 is the speed
cladl d

of light in the ' cladding.

By the way, we should take in to account that nedshe photons, which are trapped
in the ' cladding, should exit from the core and are boakeithe ' sequence. For

these photons we should use the mean speed ofwiglitave just calculated above
but we don’t do it to simplify the whole procedusmce the values do not differ
greatly.

After this calculation of the mean speed of lightem a photon travels through core
and cladl and exits at the end of the fiber in ¢k 1 it is easy to calculate
approximately the mean photon path S since the rtigan of flight is booked by

Guidelt. Seq.1:S=c, xTof and Seq.2:S=cxTof

1. Number of photons appearing at each sequence

The number of photons of each gate, as well asr (fagistical measurements, is
booked in the out_file of each run of Guideit.slta bit astonishing in the beginning to
see that the total number of photons appearinigestirst sequence exceed the number
of propagated photons. Of course this is sometthiagdoes not actually happen but it
seems to happen at first glance. At this sectioiprmesent the way of thinking in order
to find the relation between the total number obtphs appearing at a sequence and
the number of photons booked from the various gatesvell as the percentages of
lost photons to various reasons.

1.1 Ideal Simulations

It is convenient to start the study by using ideaifaces and optical materials as to
avoid the complexity of a full, realistic simulatio Therefore, at first attempt the
BULK ATTENUATION option is set to NO and the optioof the SURFACE
ROUGHNESS is set to 1 for all surfaces. With thtge settings we are assured that
no photons will be absorbed due to the finite atéion length of the optical materials
and that no photons will be lost due to the faeit tihe surfaces are not perfectly
smooth. The concept is to use the option that Guglees to isolate sequences and
study surfaces separately in a purely geometriidas 1000 photons were run in each
of the simulations below.



1% step:
GATE TYPE > GATE for all the surfaces.

That means that any photon having an interactiadh wisurface will be booked but
then it will be terminated without continuing itsth. The results are shown in the

table below:

Sequence 1 Sequence 2 Sequence 3
Gate 1 936 0 0
Gate 2 29 0 0
Gate 3 35 0 0
Gate 4 0 0

Using the following symbols to represent the numibiephotons appearing at each
gate and sequence.

Np : propagated number of photons

Ns G : number of photons booked from theGate of the SSequence

i=1,2,3 (since we have 3 sequences)

j=1,2,3 for the 1 sequence (since it is consisted by 3 surfacesgi®agates)

j=1,2,3,4 for the ¥ and the % sequence (since they are consisted by 4 surfaaes t
is 4 gates)

The former example of the table can take a monergeé expression:

Sequence 1 Sequence 2 Sequence B
Gate 1 N. 0 0
Gate 2 N, G 0 0
Gate 3 N G 0 0
Gate 4 0 0

Table 3

And it holds that N = Ns, e+ Ns, 6+ Ns, =N,
It is expected not to have photons to the sequeheesl 3 since the setting GATE to
the first cylinder does not allow it.

2" step:

GATE TYPE-> GATE for all the surfaces except
Cylinder 1 (that is the cylinder of the first seque)> TOPGATE

The objective here is to permit the photons to éxd first sequence through this
cylinder and at the same time to book them. Forrésé of the surfaces any photon
having an interaction with them will be booked khgn it will be terminated without

continuing its path. The results are shown in éidet below:

Sequence 1 Sequence 2 Sequence 3
Gate 1 940 2 0
Gate 2 34 890 0
Gate 3 26 20 0
Gate 4 28 0

10



Sequence 1 Sequence 2 Sequence B
Gate 1 N G Ns; 6, 0
Gate 2 N, G Ns, G, 0
Gate 3 N, G Ns, G 0
Gate 4 N, G 0
Table 4

And it holds that N (=Ns,+ Ns 6+ Ns, e+ Ns,c)= Ns,c

That means all photons that fall on the first cyliter and don’t reach the end of the
fibre because they are refracted, passed throughht® second sequence.

3" step:

GATE TYPE-> GATE for all the surfaces except
Cylinder 1 (that is the cylinder of thé $equence® TOPGATE
Cylinder 2 (that is the inner cylinder of th& 8equencey® BOTGATE

Now the thought is to permit the photons to ex finst sequence through its cylinder
and then the photons coming through the inner dglinof the second sequence to
enter the first sequence. At the same time, thes ding cannot be refracted can be
reflected back to the™sequence. The results are:

Sequence 1 Sequence 2 Sequence 3
Gate 1 952 3 0
Gate 2 23 903 0
Gate 3 28 25 0
Gate 4 21 0
Sequence 1 Sequence 2 Sequence B
Gate 1 N & Ns, & 0
Gate 2 N, G Ns, G, 0
Gate 3 N, G Ns, G 0
Gate 4 N, G, 0

Table 5

And it holds that N= Ny+Ns,c,
M(=Ns, e+ Ns, g+ Ns, &+ Ns, &)= Ns; 6,

That means all photons that fall on the first cyliter are passed through to the
second sequence and the sum of the photons appgannthe first sequence is
equal to the number of propagated photons plus fif®tons entering again the first
sequence after having travelled in the second setpee

11



4™ step:

GATE TYPE-> GATE for all the surfaces except
Cylinder 1(that is the cylinder of thé' $equence}® TOPGATE
Cylinder 3(that is the outer cylinder of th&' 8equence®® TOPGATE

Now the objective is to permit the photons to dki¢ first sequence through its
cylinder and then the photons coming through théerowylinder of the second
sequence to enter the third sequence. The reseits a

Sequence 1 Sequence 2 Sequence 3
Gate 1 931 2 269
Gate 2 31 894 581
Gate 3 38 24 17
Gate 4 11 27
Sequence 1 Sequence 2 Sequence B
Gate 1 N & Ns; G, Ns; G
Gate 2 ) e Ns; G, Ns:G,
Gate 3 N, G Ns; G Ns; G,
Gate 4 N, G, Ns, G,

Table 6

And it holds that N=N,
M(=Ns, 6+ Ns, 6+ Ns,G:+ Ns,c)= Ns, 6
N(=Ns:6:+ Ns; 6+ Ns;G:+ Ns;6)= Ns, G,

The sum of the photons appearing in the first seqae is equal to the propagated
photons.

All photons that fall on the first cylinder (the dyder of the first sequence) are
passed through to the second sequence.

All photons that fall on the third cylinder (the aer cylinder of the second
sequence) are provided to the third sequence.

5" step:

GATE TYPE-> GATE for all the surfaces except

Cylinder 1(that is the cylinder of thé' $equence}® TOPGATE
Cylinder 3(that is the outer cylinder of th&' 8equence®® TOPGATE
Cylinder 4(that is the inner cylinder of the 8equencey® BOTGATE

Now the idea is to permit the photons to exit tinst Sequence through its cylinder
and enter the second sequence then the photonagdmough the outer cylinder of

the second sequence to enter the third sequendhe Aame time the photons coming
through the inner cylinder of the third sequenck return to the second one, as well
as the reflected ones. The results are:

12



Sequence 1 Sequence 2 Sequence 3
Gate 1 935 196 262
Gate 2 33 914 590
Gate 3 32 48 31
Gate 4 39 31
Sequence 1 Sequence 2 Sequence B
Gate 1 N 6 Ns; G, Ns; G,
Gate 2 N G Ns; G, Ns;G,
Gate 3 N, G Ns, G Ns; G,
Gate 4 N, G, Ns; G,
Table 7

And it holds that N=N,
M(=Ns, G+ Ns, 6+ Ns,G:+ Ns,G) = Ns; 6+ Ns; 6
N(=Ns:6+ Ns; 6+ Ns:G:+ Ns;c) = Ns; 6,

The sum of the photons appearing in the first seqae is equal to the propagated
photons.

The photons appearing to the second sequence aeepghotons coming from the
first sequence plus those coming from the third one

All the photons falling on the outer cylinder of thsecond sequence are provided to
the third sequence.

6" step:

GATE TYPE-> GATE for all the surfaces except

Cylinder 1(the cylinder of the®sequence® TOPGATE
Cylinder 2(the inner cylinder of thd%sequence BOTGATE
Cylinder 3(the outer cylinder of thd%sequence) TOPGATE
Cylinder 4(the inner cylinder of thé*3equencep BOTGATE

Now the objective is to permit the photons to dki¢ first sequence through its
cylinder and enter the second sequence, then, tb®ms coming through the outer
cylinder of the second sequence will enter thedtsiequence. At the same time the
photons coming backwards through the inner cylinofethe second sequence will
return to the first sequence and the photons corbimtkwards through the inner
cylinder of the third sequence will return to tleesnd one. The photons that are not
refracted by the separating surface of two opticatliums will be reflected and they
will remain in the sequence they already are. @irse all the photons will be booked.
For the rest of the surfaces any photon havingtanaction with them will be booked
but then it will be terminated without continuirttsipath. The results are:

13



Sequence 1 Sequence 2 Sequence 3
Gate 1 1072 207 319
Gate 2 72 1044 596
Gate 3 63 68 59
Gate 4 72 70
Sequence 1 Sequence 2 Sequence B
Gate 1 [\ e Ns, 6, Ns; G,
Gate 2 N G Ns; G, Ns;G,
Gate 3 N, G Ns, G Ns; G,
Gate 4 N, G, Ns; G,
Table 8

And it holds that

Ns=Np+ Ns; G,
The number of photons appearing in the®'lsequence is the number of the
propagated photons plus the ones coming from tH& quence through its inner
cylinder (G).

Ns,= Ns, g+ Ns; G,
The number of photons appearing in thé%sequence is the number of the photons
entering from the ' sequence through its cylinder (@plus the number of photons
entering from the &' sequence through its inner cylinder ¢

Ns:= Ns, G,
The number of photons appearing in thé®3sequence is the number of photons
entering from the 2° sequence through its outer cylinder §5

After all these steps one begins to understanavétyethe gates function and to realise
that, in order to find out the behaviour of Guidsite has to isolate each surface first
and then begin to combine them.

1.2 Realistic Simulations

After having that experience we are ready to casidptic fibres with 'real
parameters. That is the option of BULK ATTENUATION set to YES and the
attenuation lengths are set to 350cm for the codel200cm for the claddings].

In addition the option of the SURFACE ROUGHNESSsé&t to 0.9999 for all the
surfaces inside the fibre and 0.999 for the exiesngace, specifically the cylinder 5
or in other words the outer cylinder of the® 3sequence, following the
recommendation of the Guidelt manual.

14



We follow the same steps as in section 2.1. Leteduice in advance the notation (as
it concerns the percentages of photons lost dwarious reasons), which is going to
be used in the following steps.

a% is the percentage of photons that are attenuatbe i sequence

% is the percentage of photons that are lost dueftection on a rough surface in

the i sequence and

% = a% + % is the total percentage of photons that is losheé i sequence

i=1,2,3

1% step:
GATE TYPE > GATE for all the surfaces.

That means that any photon having an interactiadh wisurface will be booked but
then it will be terminated without continuing itsth. The results we receive at the

out_file are:

Sequence 1 Sequence 2 Sequence 3
Gate 1 940 0 0
Gate 2 14 0 0
Gate 3 15 0 0
Gate 4 0 0
attenuated 2.9
lost to reflection 0.2
Sequence 1 Sequence 2 Sequence
Gate 1 N G 0 0
Gate 2 N, G 0 0
Gate 3 N G 0 0
Gate 4 0 0
attenuated a
lost to reflection I

Table 9

And it holds that N=N, (1-t,)

That means that the photons appearing in the fisequence are the propagated
ones reduced by the total number lost.

It is expected not to have photons to the sequeheesl 3 since the setting GATE to
the first cylinder does not allow it.

2" step:

GATE TYPE-> GATE for all the surfaces except
Cylinder 1 (that is the cylinder of the first seque)> TOPGATE

15



The idea is to permit the photons to exit the Sestjuence through this cylinder and at
the same time to book them. For the rest of thdases any photon having an
interaction with them will be booked but then itlvioie terminated without continuing
its path. The results are:

Sequence 1 Sequence 2 Sequence 3
Gate 1 933 1 0
Gate 2 19 885 0
Gate 3 15 4 0
Gate 4 5 0
attenuated 3.1 0.9
lost to reflection 0.2 2.9
Sequence 1 Sequence 2 Sequence
Gate 1 N, G Ns. G 0
Gate 2 N, G, Ns, G, 0
Gate 3 N G Ns; G 0
Gate 4 N G 0
attenuated 8 &
lost to reflection T Iy

Table 10

And it holds that N=N, (1-t)

& Ns,c(1-t)

This means that the photons appearing in the fistquence are the propagated
ones, reduced by the total percentage of the lastAll the photons falling on the
first cylinder are provided to the second sequentken they are reduced by the lost
percentage and the remaining photons are detectgupgar) at the %' sequence.

3" step:

GATE TYPE-> GATE for all the surfaces except

Cylinder 1 (that is the cylinder of thé $equence®® TOPGATE

Cylinder 2 (that is the inner cylinder of th& 8equencey® BOTGATE

Now the objective is to permit the photons to dki¢ first sequence through its
cylinder and then the photons coming through theerincylinder of the second
sequence to enter the first sequence. The resalts a

Sequence 1 Sequence 2 Sequence 3
Gate 1 934 1 0
Gate 2 19 886 0
Gate 3 15 4 0
Gate 4 5 0
attenuated 3.1 1
lost to reflection 0.2 2.8

16



Sequence 1 Sequence 2 Sequence B
Gate 1 N, G, Ns, c, 0
Gate 2 N, G Ns, G, 0
Gate 3 N, G Ns, G, 0
Gate 4 N G 0
attenuated a )
lost to reflection T Iy

Table 11

And it holds that N=N, (1-t1)+ Ns,
& Ns 6, (1-1)

The photons appearing in the first sequence are afjto the remaining of the
propagated ones after being reduced by the percget®st for various reasons plus
the photons entering again the first sequence thgbuthe inner cylinder of the %'
sequence.

The photons appearing in the"2 sequence are equal to the remaining of the ones
entering from the cylinder of the Lsequence after being reduced by the percentage
lost.

4" step:

GATE TYPE-> GATE for all the surfaces except
Cylinder 1 (that is the cylinder of thé $equence®® TOPGATE
Cylinder 3 (that is the outer cylinder of th¥ 8equence}® TOPGATE

This exercise is to permit the photons to exitfite# sequence through its cylinder and
then the photons coming through the outer cylimiéhe second sequence to enter the
third sequence. The results are:

Sequence 1 Sequence 2 Sequence 3
Gate 1 933 4 256
Gate 2 20 890 585
Gate 3 18 4 0
Gate 4 0 0
attenuated 2.7 0.8 0
Lost to reflection 0.2 2.7 4.9
Sequence 1 Sequence 2 Sequence B
Gate 1 N G Ns; G, Ns; G,
Gate 2 N G Ns; G, Ns;G,
Gate 3 N G Ns; G Ns; G;
Gate 4 N, G Ns; G,
attenuated a 2 &
lost to reflection T I I3

Table 12

17



And it holds that N=N, (1-t)
& Ns 6, (1-1)
&F Ns, 6, (1-13)

This means that the photons appearing in the fistquence are the propagated
ones, reduced by the total percentage of the lasAll the photons falling on the
first cylinder are provided to the second sequentken they are reduced by the lost
percentage and the remaining photons are detecagupgar) at the ¥ sequence. Al
the photons falling on the third cylinder are praded to the % sequence. Then they
are reduced by the lost percentage and the remainainotons are detected (appear)
at the 3 sequence.

5" step:

GATE TYPE-> GATE for all the surfaces except

Cylinder 1 (that is the cylinder of thé' $equence) TOPGATE
Cylinder 3 (that is the outer cylinder of th¥ 8equence) TOPGATE
Cylinder 4 (that is the inner cylinder of thd 8equencep BOTGATE

Now the idea is to permit the photons to exit tinst fSequence through its cylinder
and enter the second sequence then the photonagdmough the outer cylinder of

the second sequence allowed to enter the thirdesegu At the same time the photons
coming through the inner cylinder of the third sexee will return to the second one.
The results are:

Sequence 1 Sequence 2 Sequence 3
Gate 1 941 198 265
Gate 2 17 914 576
Gate 3 12 13 0
Gate 4 7 0
attenuated 2.7 1.2 0.1
Lost to reflection 0.3 6.2 7.2
Sequence 1 Sequence 2 Sequence
Gate 1 N G Ns, G, Ns; G
Gate 2 N G Ns; G, Ns;G,
Gate 3 N, G Ns, G Ns; G
Gate 4 N, G, Ns; G,
attenuated a 2 &
lost to reflection T I I3

Table 13
And it holds that N=N, (1-t,)

& Ns, 6, (1-t)+ Ns, 6,
&F Ns, 6,(1-t3)
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This means that the photons appearing in the fis¢quence are the propagated
ones, reduced by the total percentage of the lasAll the photons falling on the
first cylinder are provided to the second sequeraeel they are reduced by the lost
percentage. The photons appearing in the secondusege are equal to the
remaining ones plus the photons entering again teecond sequence through the
inner cylinder of the & sequence. All the photons falling on the third @yder are
provided to the ¥ sequence. Then they are reduced by the lost pesmnand the
remaining photons are detected (appear) at tffesquence.

6" step:

GATE TYPE-> GATE for all the surfaces except

Cylinder 1 (that is the cylinder of thé $equence) TOPGATE
Cylinder 2 (that is the inner cylinder of th& 8equencep BOTGATE
Cylinder 3 (that is the outer cylinder of th& 8equence) TOPGATE
Cylinder 4 (that is the inner cylinder of thé 8equence) BOTGATE

Finally this exercise is to permit the photons iat ¢he first sequence through its
cylinder and enter the second sequence then th®nmEhcoming through the outer
cylinder of the second sequence to enter the theglience. At the same time the
photons coming through the inner cylinder of theosel sequence will return to the
first sequence and the photons coming throughrthericylinder of the third sequence
will return to the second one. The results are:

Sequence 1 Sequence 2 Sequence 3
Gate 1 1065 196 299
Gate 2 32 1012 598
Gate 3 37 14 1
Gate 4 15 0
attenuated 5.8 2.2 0.2
Lost to reflection 0.4 10.5 11.2
Sequence 1 Sequence 2 Sequence B
Gate 1 N G Ns, G, Ns; G
Gate 2 N, G, Ns, G, Ns;c,
Gate 3 N, G Ns, G Ns; G
Gate 4 N, G, Ns; G,
attenuated a & &
lost to reflection T I I3

Table 14

And it is finally concluded the following relationips are true:
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Ns=Np (1-t1)+ Ns. G,

The number of photons appearing in the®'lsequence is the number of the
propagated photons reduced by the correspondingltdédst percentage plus the
ones coming from the™ sequence through its inner cylinder (%

Ns= Ns, G, (1-t2)+ Ns; 6,
The number of photons appearing in thé®2sequence is the number of the photons
entering from the I sequence through its cylinder (% reduced by the
corresponding total lost percentage plus the numlodérphotons entering from the
3" sequence through its inner cylinder (%
Ns,= Ns, G, (1-t3)
The number of photons appearing in thé®3sequence is the number of photons

entering from the 2 sequence through its outer cylinder g5reduced by the
corresponding total lost percentage.
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2. Running Guidelt under various configurations

2.1 Still source

In this section, we shall study the contribution edch different parameter of
imperfection to the reduction of the amount of imstwhile traveling in the optical
fiber.

A large file of 200,000 events is created assuntiiag the optical fibers are perfect.
That means that the materials of the core and [dudings are perfectly transparent
and no absorption occurs. All the surfaces areep#yfreflective and refractive.

A fixed photon source is used to produce the evientise middle of the optical fiber
and the simulations are run for 7 different fibeadths.

That set of files is name&®Geosmooth since the source is still (St), the only
parameter that causes reduction to the photonkeisgéometry (Geo) and all the
surfaces of all sequences ‘are’ smooth. The folhowable shows the settings in the
input file of Guidelt.

StGeosmooth

Bulk Attenuation NO
Attenuation Length in Core -
Attenuation Length in Clads -

Surface Roughness inside 1
Surface Roughness outside 1
Source Still

Source Position In the middle of the fiber
# of propagated photons 200,000
# of random numbers 200
Fibre Length 50, 100, 200, 300, 390, 500, 600

Table 15

This entire job is repeated by adding one impeidacat a time. The first one is the
surface roughness. So the set of the created iSlesamed StGeonosmooth by
following the same way of thinking and here is plagameters set in the input file:

StGeonosmooth

Bulk Attenuation NO

Attenuation Length in Core

Attenuation Length in Clads

Surface Roughness inside 0.9999
Surface Roughness outside 0.999
Source Still
Source Position In the middle of the fiber
# of propagated photons 200,000
# of random numbers 200

Fiber Length

50, 100, 200, 300, 390, 500, 600

Table 16
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Another imperfection of the material of the fibsrthat it is not perfectly transparent
and as a result an amount of photons are absorbed the material. The core’s
attenuation length is set up to 350 cm and for lutdlddings up to 1200 cm. The
attenuation length is defined as the distance antoaterial when the probability has
dropped to 1/e that a photon has not been absofitednatively, if there is a beam of
photons incident on the material, the attenuatemgth is the distance where the
intensity of the beam has dropped to 1/e, or ale6836 of the photons have been
absorbed.) The same set of files is created inetpthat imperfection. The name of
that file is SAI350 _1200smooth, because the source is still, the attenuationtheng
have these values and it is assumed that the resghimperfection of the surfaces
does not exist. The input file parameters are:

StAI350 _1200smooth

Bulk Attenuation YES

Attenuation Length in Core 350

Attenuation Length in Clads 1200
Surface Roughness inside 1
Surface Roughness outside 1

Source Still

Source Position In the middle of the fiber
# of propagated photons 200,000
# of random numbers 200
Fiber Length 50, 100, 200, 300, 390, 500, 600

Table 17

Finally a set of files is created taking in accoalhthe imperfections of the fiber. Its
name is StAI350_1200nosmooth and the input filea@os the following settings:

StAI350 1200nosmooth

Bulk Attenuation YES
Attenuation Length in Core 350
Attenuation Length in Clads 1200
Surface Roughness inside 0.9999
Surface Roughness outside 0.999
Source Still
Source Position In the middle of the fiber
# of propagated photons 200,000
# of random numbers 200
Fiber Length 50, 100, 200, 300, 390, 500, 600

Table 18

After collecting this data it is easy to plot theand to see the relationship of the
reduction of photons while traveling in the coreldne cladding as a function of their
path. At this point we are going to use the mearedpof light e calculated earlier to
find the mean photon path for photons, which appetre first cladding.
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The next plots summarize the results of the table:

Core Statistics
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Identically, while summing the total number of ptiod ending upstream through the
core and the claddings as a function of the lendttine fiber one can determine the
capture ratio of the optical fiber. So it is versetul to study the following table.

108582?82(7?”6 50cm 100cm 200cm 300cm 390cm 500cm 600cm
StGeosmooth 39473 39653 39531 39603 39567 39706 39157
StGeonosmooth 27238 23778 20687 18354| 16703 15248 14415
StAI350_1200smooth 37669 35796 32395 29700 27631 25039 22807
StAI350_1200nosmoott | 25689 21495 15946 12355 10044 7730 6315
Table 20

It should be noticed that the contribution of theddings is high because the fiber is
surrounded by air and no photons escape out diftheylinder due to refraction.

2.2 Fiber in glue with index of refraction n=1,6 (Apendix I)

When a fiber is surrounded by glue it is expectett the behavior of the photons in
the 3° sequence will change. All photons falling on tH& &ylinder should be
refracted and no photons will be reflected baclabse they travel from a lower to a
higher index of refraction material. Let's see aaraple for a fiber surrounded by air
and by glue. Here no bulk attenuation and surfacghiness have been taken into
account since it is important to focus on the tssof the glue. A thousand of events
are propagated by a still source in the middle &&98cm long fiber. The fourth
cylinder is set as a simple GATE (and not as a BATE) in order to avoid allowing
photons passing from th&' 3equence to thé'®

Air around the fiber n=1

Sequence 1 Sequence 2 Sequence 3
Gate 1 931 2 245
Gate 2 34 883 594
Gate 3 37 23 22
Gate 4 23 22

Glue around the fiber n=1,6

Sequence 1 Sequence 2 Sequence 3
Gate 1 928 3 7
Gate 2 32 875 868
Gate 3 43 21 0
Gate 4 29 0

Table 21

Those out_files are modified as follows if the filucylinder is set a BOTGATE and
allows the photons to enter from tH& ® the previous sequences:
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Air around the fiber n=1

Sequence 1 Sequence 2 Sequence 3
Gate 1 1072 207 319
Gate 2 72 1044 596
Gate 3 63 68 59
Gate 4 72 70

Glue around the fiber n=1,6

Sequence 1 Sequence 2 Sequence 3
Gate 1 934 6 10
Gate 2 33 886 876
Gate 3 39 26 0
Gate 4 26 0

Table 22

It can be obviously concluded that the reason off thle changes in the sequences 1
and 2 is the different way that the photons are tdlsuted in the 3° sequence
according to the surrounding material.

Now that the behavior of the fiber is well undecgtpwe repeat the study that was
presented at the previous chapter (how each diffeparameter of imperfection
contributes to the reduction of the photons whide¢ling in the optic fiber).

The same kind of files is created and they arergilie same names with the addition
of the capital G (to signify the glue around theefi) in order as to be distinguished
from the former ones.

GStGeoSmooth | GStGeonoSmootl]  GStAlSmooth GStAlnoSmooth
Bulk Attenuation NO NO YES YES
Attenuation
Length in Core i ) 350 350
Attenuation
Length in Clads i ) 1200 1200
Surface Roughness 1 0.9999 1 0.9999
inside
Surface Rpughness 1 0.999 1 0.999
outside
Source Still Still Still Still
Source Position In the middle of In the middle of In the middle of In the middle of
the fiber the fiber the fiber the fiber
# of propagated 200,000 200,000 200,000 200,000
photons
# of random 200 200 200 200
numbers
Fiber Length (cm) 50, 100, 200, 300] 50, 100, 200, 300| 50, 100, 200, 300} 50, 100, 200, 300
390, 500, 600 390, 500, 600 390, 500, 600 390, 500, 600

Table 23

The results are summarized at the following tables:
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Core Statistics when fiber surrounded by glue
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The total amount of photons ending upstream thrahghcore and the*icladding
(since the #' one contributes no photons) as a function of émth of the fiber is
given in the following table.

100000 events upstreanll

50cm 100cm 200cm 300cm| 390cm 500cm 600cm

GStGeoSmooth 11608 11583 11664 11784 11554 11618 11647
GStGeonoSmooth 11030 10239 9160 8778 7985 7588 7341
GStAI350_1200Smooth 11005 10200 9101 8056 7180 6210 5488
GStAI350_1200noSmootl 10209 9022 7298 5685 4770 3759 3152

Table 25

At the following plots it is easy to compare theestatistics and the cladl statistics
for the realistic runs in both cases, when thegdus around the fiber and when there

is not.

It is easily observed that the difference of the number of the captured photons
upstream is decreasing as the length of the fiber increases although it is not

theoretically expected.

Core Statistics for realistic run with and without glue around the fiber
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Clad 1 Statistics for realistic run with and without glue around the fiber
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2.3 Smeared source (Appendix II)

Guideit allows the user to smear the photon source y and z coordinates. The
formulae, which give the position of the source; ar

_ Xmear — Ysmear —
Xource = Xstart iT v Ysource = Ystart * 2 v Zoource = Zsart *

Zgvear
2

where Xtan Ystars Zstart@re the coordinates of the position of the soarme
Xsmear Ysmear Zsmear @r€ the smearing of each of them. In this study tre x and y
smearing were used and they were both set equal.

Study for the lost percentages to hole and to maxiam bounces

When a run is made with a smearing source, theeptrges of missed photons are
written in out_file. We lose photons due to ‘holesd due to the maximum bounces
(since the maximum number of bounces that is aldbiwe a photon is set in the input

file).

Twelve runs were made with low statistic to takedea of the behaviour of the fibre

while the source smears randomly around the middlide fibre and always being

inside the core.
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S’(?rf];” 0.06 | 0oss| 007| 0074 o007p o0ofs ods ook2 odsacss | o.oss| o0.00
% lost
to hole 0 0.1 0.5 1.9 3 3.6 5.8 6.3 8.8 8.1 1B 1
in S
Table 26
It is observed that no photons are lost to hokenuences 2 and 3.
smear | 006 | ooes| o007| o007} oo ools ods odsposa| 00ss| 0088 0.00
S 0.3 0.1 0.2 0.5 0.5 0.8 0 0.3 0.1 0.1 0. 0.
% lost
to max S 0.1 0.2 0.9 0.7 0 0.9 0.8 0.5 0.5 0.9 0. 0.
bounces
S 0.5 2.1 2.4 1.7 2.3 2.8 2.3 3.1 3.9 3.4 3 2.
Table 27

It should be noticed that these percentages reféihd number of photons entering

each sequence and not to the initial number ofggaged photons.

%

Fig.14: Percentage of photons lost to ‘holes’ and due teeding the maximum

12.54 .
11.5 .
10.5
9.54
® %lost to hole
8.5+ " [
%4%l ost to max bounces S1 [ )
7.59 A %lost to max bounces S2
6.5 © %lost to max bounces S3 .
5.54 .
4.5
3.51 @ o o
o @ ° o
2.54
. o O < <
1.5+
A
0.5 o NI
© © R
-0.5 T T T T T T J
0.055 0.06 0.065 0.07 0.075 0.08 0.085 0.09

number of bounces.

0.095

smearring cm

1 ‘Holes’ represent photons, which fail all crieedefined by the user, and they belong to no seguengate.
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The same kind of study that was presented befargliow each different parameter
of imperfection contributes to the reduction of gifetons while traveling in the optic
fiber) is repeated here usimggue around the optic fiber and randomly smeared

source

The same kind of files is created and they arergithe same names but in a simpler
way just to signify whether the attenuation lengtid the roughness are taken in

account or not.

GeoSmooth GeoNosmooth AlSmooth AlNosmooth
Bulk Attenuation NO NO YES YES
Attenuation
Length in Core i ) 350 350
Attenuation
Length in Clads i ) 1200 1200
Surface Roughness 1 0.9999 1 0.9999
inside
Surface Rpughness 1 0.999 1 0.999
outside
Source 0.092 smearing 0.092 smearing 0.092 smearipg Goe2aring
Source Position In the middle of In the middle of In the middle of In the middle of
the fiber the fiber the fiber the fiber
# of propagated 200,000 200,000 200,000 200,000
photons
# of random 200 200 200 200
numbers
Fiber Length (cm) 50, 100, 200, 300] 50, 100, 200, 300| 50, 100, 200, 300} 50, 100, 200, 300
9 390, 500, 600 390, 500, 600 390, 500, 600 390, 500, 600

Table 28

The results are summarized to the following table
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Core Statistics when fiber surrounded by glue andhe source is smearing
randomly in the middle of the fiber
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Cladl Statistics when fiber surrounded by glue andhe source is smearing
randomly in the middle of the fiber
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The total amount of photons ending upstream thrahghcore and the*1cladding
(since the #' one contributes no photons) as a function of émth of the fiber is
given in the following table.

100000 events upstrean|| 50cm 100cm 200cm 300cm| 390cm 500cm 600cm
GeoSmooth 17366 17544 17134 17489 16959 17203 17064
GeoNosmooth 15446 14647 12846 11492| 10586 9679 9209
Alsmooth 15867 14459 12576 10730] 9370 8000 6944
AlNosmooth 14386 12290 9355 7342 6057 4711 3734
Table 30

At the following plots it is easy to compare theestatistics and the cladl statistics
for the realistic runs when there is glue arourgfiber in both cases, and when the
source is still and when it is smearing.
It is important to observe here that the difference of the number of the captured
photons upstream is decreasing as the length of the fiber increases although it is not
theoretically expected only in Figure 17. This problem disappears at the Figure 18!

Core Statistics for realistic run with glue aroundthe fiber for still and smeared
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Clad 1 Statistics for realistic run with glue arourd the fiber for still and smeared

source
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How many photons come out from the fiber ? Comparisn with bibliografia

100000 photons Fiber length
upstream 50cm | 100cm| 200cm| 300cm| 390cr | 500cm| 600cm
Total Still

amount | source | 25689 21495| 15946 12354 10044 | 7730 6315
of air

photons Still
coming | source | 10209 9022 | 7298 | 5685| 4770 | 3759 | 3152
out of glue

the fiber Smeared
(realistic | source | 14386 12290| 9355| 7342| 6057 | 4711 | 3734
run) glue

Table 30

36




The following plot summarizes the upstream captysetcentage of photons for a
390cm long fiber and a still source in the middiatpin all cases with air and glue
outside when the source is fixed and with glueidateshen the source is smearing.
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Fig.19: Capture percentages of photons

But there is something wrong!

At this point what will convince everybody that thes something wrong (and that is
the IOR settings) is a quick look at a diagnosacking output!

That what happens is that all the photons, whidkrethe first cladding, are trapped
there and never enter the core again! This violStesll's Law! No total reflections

are allowed to take place on the internal cylindethe f' cladding and a photon
could never be trapped in the first cladding! Thatvhy there is always an
unexpectedly high number of photons coming out fotenl 1.

That was the main reason, which made us go oretegbond part of our study.

37



JECOND PART

1. Running Guidelt under the most realistic configuation (Appendix I11)

The most realisticstudy that was presented before (for how eaclereifit parameter
of imperfection contributes to the reduction of gifetons while traveling in the optic
fiber) is repeated here usigéue around the optic fiber, @ndomly smeared source
and of courséORs as are shown in Table 2.

The same kind of files are created and they arengille same names but in a simpler
way just to signify whether the attenuation lengtid the roughness are taken in
account or not.

AINosmooth
Bulk Attenuation YES
Attenuation
Length in Core 350
Attenuation
Length in Clads 1200
Surfacg Roughness 0.9999
inside
Surface Rpug hnesg 0.999
outside
Source 0.092 smearing

Source Position | " the middle of

the fiber
# of propagated 200,000
photons :
# of random
numbers 200
Fiber Length (cm) 503’918)05'02(90615(;)0

Table 31

The results are summarized in the following table:
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Table of results

IOR AINosmooth
50cm 100cm 200cm 300cm 390cm 500cn 600cn
G, 13899 12362 9869 8099 6753 5490 455]
Seq.1 Tof 1.649 3.181 6.096 9.011 11.56 14.68 17.4
S 30.92 59.64 114.3 168.96 216.74 275.2p 327.38
Gs3 771 739 601 452 400 338 247
Seq.2 Tof 1.578 3.181 6.353 9.36 12.17 15.67| 18.3¢
S 29.71 59.90 119.63 176.25 229.14 295.0y 345.72
Table 32

Before plotting my results | decided at the sanmeetito compare them with the
corresponding configuration of the First Part, aftér recalculating the mean photon
path in the ¥ sequence using the speed of light for th& dladding

(¢, =20.134myns) since the photons travel only there.

Alnosmooth
50cm 100cm 200cm 300cm 390cm| 500cm 600cth
G, 10685 9449 7413 6108 5180 4153 3364
Seq.1 Tof 1.699 3.214 6.092 8.927 11.41 14.47 17.2p
S 31.86 60.26 114.23 167.38 213.94 271.3] 322.88
Gz 3701 2841 1942 1234 877 558 370
Seq.2 Tof 1.482 2.927 5.833 8.699 11.19 14.32 17.0p
S 29.84 58.93 117.44 175.15 225.3 288.37 343.p8
Table 33

Comparison of Core Statistics when fiber surroundedy glue and the source is
smearing randomly in the middle of the fiber
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Obviously more photons appear in core since mophotons, which are trapped due
to 1* cladding exit from the core. Below we see the esgukreduction of the photons

appearing in the®icladding.
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Another very important observation is that the dipancy that occurred in the First
Part ¢he difference of the number of the captured photons upstreamis decreasing as
the length of the fiber increases although it is not theoretically expected) does not
occur at the second part. The number of the cagbpinetons follows the exponential
fall due to the attenuation length of the matevfahe fiber.

Finally the next plot compares the total captum@dant of photons in both cases.
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From that very last plot we can come to some canmfis. We are interested in the
total capture ability of the optic fibre we are siating and not in the partial fraction

of photons (captured due to core and due to clathlhe Second Part the captured
percentage of photons is ~1% higher than the oeeirFirst Part. On the other hand
the behaviour of the photons in the optic fibrelsser to reality. That is something,

which is expected or demanded.

What about the bounces in the ¥ cladding?

Unfortunately we still observe a strange behavfotook at the diagnostic tracking
output shows that there is a great improvementshilitwe have few anomalies.
Another thing that should be checked is the nunabdrounces on both cylinders of
the £ cladding. In the First Part the number of bounoesthe inside cylinder is
always almost equal to the number of bounces onotliside cylinder. On the
contrary, in the Second Part the number of bouncethe inside cylinder of clad 1 is
~5 times less than the number of bounces on theideutylinder. Those bounces
occur with no reason when a photon is travelintha expected way through clad 1
and core. This indicates that there may really nisela bug somewhere in the code of
Guidelt.

2. Number of photons booked at each gate and Numbef bounces

Lastly | will present the way that relates the nembf bounces at each surface and
the number of photons that are booked from eaoh. dadrtunately things are much
more simple here!

Lets have a look to the output file of lieal Simulation:
As a first attempt the BULK ATTENUATION option iesto NO, the option of the

SURFACE ROUGHNESS is set to 1 for all surfaces dnedsource is still in order to
avoid any lost percentage of photons. The numbgenérated photons is 1000.

Sequence 1 Sequence 2 Sequence 3
Gate 1 35147 34256 18
Gate 2 48 906 888
Gate 3 61 1 0
Gate 4 - 2 0
#of bounces G 42873 G: 5723 G:6
#of bounces - 39962 G:24

Using the following symbols to represent the numbiephotons appearing at each
gate and sequence.

Np : propagated number of photons

Ns g : number of photons booked from theGate of the SSequence
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i=1,2,3 (since we have 3 sequences)

j=1,2,3 for the 1 sequence (since it is consisted by 3 surfacessi®agates)

j=1,2,3,4 for the #'and the % sequence (since they are composed of 4 surfaaes th
is 4 gates)

We can also symbolize the number of bounces ateacda sequence with the “B”.

The former example of the table can take a morerg¢expression:

Sequence 1 Sequence 2 Sequence B
Gate 1 e Ns, G, Ns. G,
Gate 2 N, G Ns, G, Ns; G,
Gate 3 N, G Ns, G Ns; G;
Gate 4 N, G Ns; G,
#of bounces Ba Bs. a Bs; G
#of bounces Bo Bs; G

Table 33

Ns, 6, = [Nproduced -Ns, 6, - Ns, c)]+ Ns, G, : Is the number of passages of photons
through this gate (cylinder of core) to the nexjsence (clad 1)

Ns, G, = Bs, G, - Bs, G, : IS the number of passages of photons throughgdite (inside
cylinder of clad 1) to the previous sequence (core)

Ns, 6, = Ns; 6, + Ns; &, : Is the number the number of photons passingutirahis
gate (outside cylinder of cladl) to the next segedialad 2)

Ns:; G, = Bs; 6, — Bs; G, : Is the number of passages of photons throughgiie (inside
cylinder of clad 2) to the previous sequence (&lpd

Notice that all numbers of the last relationship should be 0 since no total reflection is
allowed on any surface of the 3" sequence! Fortunately the number of this anomaly is
extremely small that can be neglected.

Finally the number of produced photons is equah&inumber of photons exiting the
fibre from the gates leading to the area out of it.
Nproduced = Ns, G, + Ns, G; +Ns,G; + Ns, g, + Ns, 6.+ Ns; 6; +Ns; G,

Now let us look at the output file of tiealistic Simulation:

The option of BULK ATTENUATION is set to YES andethattenuation lengths are
set to 350cm for the core and 1200cm for the clagi]il]

In addition, the option of the SURFACE ROUGHNESSsé&t to 0.9999 for all the
surfaces inside the fibre and 0.999 for the exiesugace, specifically the cylinder 5
or in other words the outer cylinder of the® 3sequence, following the
recommendation of the Guidelt manual.

Lets introduce in advance the notation (as it comcéhe percentages of photons lost
due to various reasons) that is going to be uséukifollowing steps.

a% is the percentage of photons that are attenuatbe i sequence
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r'% is the percentage of photons that are lost dueftection on a rough surface in

the i sequence

hi% is the percentage of photons that are lost wl&ih the i sequence and
% = a% + %+ h% is the total percentage of photons that is lothe i sequence

i=1,2,3

The results we receive at the out_file are:

Sequence 1 Sequence 2 Sequence 3
Gate 1 27022 26330 16
Gate 2 37 706 689
Gate 3 31 1 0
Gate 4 - 0 0
attenuated 7.7 0.1 0
lost to a hole 13.5 0 0
#of bounces @ 263019 G 5971 0
lost to reflection 2.8 0 0
#of bounces - 32286 G: 17
lost to reflection - 0.1 0
Sequence 1 Sequence 2 Sequence
Gate 1 N a Ns; G, Ns; G,
Gate 2 N, G Ns; G, Ns; G
Gate 3 N, e Ns, G Ns; G
Gate 4 - N, G, Ns; G,
attenuated 18 & &
lost to a hole h hp hs
#of bounces Ba Bs. G, Bs; 6,
lost to reflection { I21 l31
#of bounces - Be Bs: 6.
lost to reflection - 5 I3

Table 34

Ns, 6: = [Nproduced (1-t1)-Ns, &, - Ns, ]+ Ns, ¢, : Is the number of passages of

photons through this gate (cylinder of core) to thenext sequence (clad 1)

Ns, 6. = Bs, 6, - Bs, G, : Is the number of passages of photons through thigate
(inside cylinder of clad 1) to the previous sequerg(core)

Ns, ; = Ns; 6, + Ns; 6, : Is the number of photons passing through this gat
(outside cylinder of cladl) to the next sequenceléd 2)

Ns, 6. = Bs; 6, — Bs; 6, : Is the number of passages of photons through thigate
(inside cylinder of clad 2) to the previous sequerdclad 1)

Notify that all numbers of the last relationshigheuld be O since no total reflection

is allowed on any surface of the™3sequence!Fortunately the number of this
anomaly is extremely small that can be neglected.
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Finally the number of produced photons is equal tathe number of photons
exiting the fibre from the gates leading to the ar@ out of it.
Nproduced [1-(t1+t2)]= Ns,G, + Ns, G; +Ns, 6, + Ns, 6, + Ns, 6.+ Ns; ; +Ns, G,

Conclusions

After that part of the study | can say that thening configuration of the Second Part
is revealing a Guidelt with a more *“reasonable wdythinking” and with fewer
violations of physics laws.
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Appendix |

Still Source, Attenuation Length and Surface Roughass included, Glue around
the fiber
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Appendix Il

Smeared Source, Attenuation Length and Surface Roimpess included, Glue
around the fiber
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Appendix I

IORs as in Part 2, Smeared Source, Attenuation Lenly and Surface Roughness
included, Glue around the fiber
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