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DUMAND Internal Report
M. Lynn Stevenson

A Gallery of Muon Trajectories and Their Cerenkov Arrival Times
at the Optical Modules of DUMAND 11

The following skeich and formulae describe the central string (#0) of Optical Modules (OM-1 to 24).

Z
OM-i cd afl (0, ny, nz)
z
OM-14
OM-13
Y

= (Dy, Dy, 1)

X
Equation of muon trajectory, I = T+ All

Cerenkov Cone

Armrival time of Cerenkov photon:
tj = (A + ¢dj cot al/(c = 0.3m/ns),
where, sin a=(1/n=34),
(t is 0 when the muon crosses the z = 0 plane)

A; = 0 (7 = bfi - io)] - nxXo- ByYo,

(cd)?=rd+2- M
where, i =12.5, and b = 10 meters

Each trajectory has 3 pages of graphs that show the times and their first, second and third derivatives The ordinate
is measured in nanoseconds(ns), and the abscissa is the optical module sumber. Also shown is the closest distance
of approach, cd_ij(m) and # of PE’s, for OM-i on string-j. The Cerenkov path length is cd_ij(m}sec ©=1.51).The
position of string-j is specified by the vector, sq, in the z = 0 plane of length, 5o = 20 m/sin(r/8) = 52.3 m.

1 = [y + edij cotalfe, where Agj = Rzloi - io) + [0 - T)u), and (edi)? = Go - 70)* + @2 - QP
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Summary of Muon Trajectories
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deit_Ij and deldelt_lj of all strings_] overlayed vs OM_I
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cd_ijim) and Photoelectrons for Optical Module_i and String_j

140

2
..-..r
-
av®
IIIII _
g
-
aw® _
] o,
&
-n..m
at
--llu
a8
|| .."
-I.-
-u._w
--..
. -.-l
L
--l-
I.'
[ l-l-
'.I-.-
.-
sl
"
L)
-,
.-m
-pth
ant
---
wal .
-l--.r
II
l.l-..
an”®
a "
- .
®
2t ®
-®
" " ®
a
. ="
L]
n 0 "
oﬂ..,f._
el
L]
]
[] -.-t
.'
-l
T
o Q e ] o (=] =]
™ (=] o L1+] - [3'8
- -—

230

200

150

100

50

t_ij{ns)

LN ]
--ll
L1}
I-lt-
|
gy
I-I
»
g
LN |
[
L
[]
» .ul-.
.Il
n
-aI--
L
Ll LR .
]
[] o .al
| ]
'.-
] ol T
]
LI " . .
]
] . Il-l
bl.
g
® |a
L ™
]
LI |
LN |
I.l
[
L] * iy
»
oy,
[ Y ",
= I.
=
-.Il-
. a,
]
--n.-
-
III ._-I
L]
uu-vn
-—
e,
'.-.
--h-
-.-c
oy,
[}
" a
. g -.ll
ot
l-lulu
— Ih...l
¥ LE
o o o o o o o o o o
o o (=] o= ] L= o o (=] o
w0 n - m o - - ~ o
L] 1 1

250

200

150

100

50

File: DIR-12-91-2  6/26/91

2:24 PM



250

2:24 PM

200

File: DIR-1291-2 626191

150

delt_ij

100

50

L=
713
o~
oy
L LT . .y
L .
. l..- .,
By,
N W
kY o~
L (T 7
g -,
LTt S
I-..I'-I
....n.-t
2
'..-.l.. - ﬁ.
~ g
[] .lll.._.I._.l o g,
—ny 'a w
L -
= .
- - —— = 5 "
¢ 3
-]
.i.lll - | I.I.II
-— l.‘-l.l - ) ~n‘ -',
——
L ..ll.al- . [ .-..I
. 4 .
L}
LT - = Q..f‘
.l-‘.-‘.‘..’.- . a‘nf
'.il-. ;
L
™,
! -
.L‘.L . L
L - .
-'.l. ..- ‘-f
-L..t y
2 M
x o
5 o >
- 'l'- W_ L
© 1

45

40
35
30
25
20
1%
10
12
10
g
]
4
2



45

40

ab -

30
25
(ns)
20
15

10

20~
15+
10 4+

54

-5
-10 +
154

204

delt || and deldelt_lj of all strings_ | overlayed vs OM_I

5 10 15 20
oM_l|
nx 2707
ny v
x nz 0.70721355
x0 -3
y0 >
deldeldelt_ij

.

mﬂln.“.-u T S TV L o W g N ]

100 150 200 250

9 File: DIR-12.91-2  6/26/91

224 PM



¢d_ij(m} and Photoslectrons for Optical Medule_i and String_j
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delt_i] and deidelt_Ij of all strings_J overlayed vs OM_i
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ed_ij(m} and Photoelectrons for Optical Module_i and String_ j
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Appendix

Fit of John Learned's "Attenuation of Cerenkov Photons in the Ocean”, HDC 81-10 4/81

1 fit the dashed curve of his fig. 4, labelled "New calculation and fit with effects of glass and
quantum efficiency”, with a sum of three exponentials;

PE/m2(d) = 3981-¢-0/ 4444 4 251.expd/ 1444 4 53 7.expd/ 2564,

where d is the perpendicular distance (or closest distance of approach) in meters. The open
squares of the following Fig.A is my fit to his. There is almost complete overlap.

log1G{Photons/m*2)
/

0 20 40 60 B0 100 126

Parpendicular Distance (m)}

Fig.A
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For 14" phototubes (area = 0.0993 m2), my fit of the number of photons as a function of the

perpendicular distance is the lower curve in the following figure.

Photons/mA2

Photons/m*2
Number of photons for 14® tuba. Multiply by 0.2 to get photoelectrons
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