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Figure1: Theenergy spectrumof cosmic ray protonsasmeasurementwith theHEGRA arrayof IACTs. The
resultsof previoussatelliteandballoon-borneinstrumentsare alsoindicated.Theshadedarearepresentsthe
systematicerrorof ourmeasurementcausedby avariationof theassumed -ratioovertherange

relativeto .

Our resultsarein very goodagreementwith recentresultsof satelliteandballoon-borneexperiments(see
Figure1).

In futurework weshallattemptto extendthemeasurementof theprotonspectrumto higherenergies. This
mightbepossibleby increasingthesoftwarethresholddespitedecreasingstatistics.Improvedcutsshouldalso
yield information aboutthespectrumof heaviernuclei.

7 References
Aharonian,F., Akhperjanian,A., Barrio J., et al., 1999a,A &

©
A, 342,69

Aharonian,F., Akhperjanian,A., Barrio J., et al., 1999b,Phys. Rev., 59, 9, 2003
Capdevielle,J., et al., 1992,TechnicalReport,KfK 4998,Kernforschungszentrum, Karlsruhe
Hemberger, M., 1998,PhD thesis,Heidelberg University, Heidelberg, MPI H-V-19-1998.
Konopelko,A., Hemberger, M., Aharonian,F., etal., 1999,A

©
stropar. Phys., 10, 4, 275

Lindner, A., et al., 1997,Proc. 25thICRC, 5, 113
Plyasheshnikov, A., Konopelko,A., Aharonian,A., et al., 1998,J.

ª
Phys.G: Nucl. Phys.24,653

Wiebel-Sooth,B., Biermann,P., Meyer, H., 1998,A &
©

A, 330,389

«�¬<>®j¯2°+±j²!s³>´j®jµ<¶�·�¸³>·�±j¶:¹º³»®j¼½°+²<®j·2´j·�¬<±¿¾3À�«8ÁKÂ�Ã»ÄÅ�Æ7ÇKÈÊÉ:ËÊÈÊÌ Í/ÈÊÌÏÎÑÐ�ÒÑÓKÒÕÔ)Ö)Ö)Ö�Î�×<ØÙÒ0Æ

f
 
oÚ r

 
 

 
E > 5

Û 
0
Ü 

0
Ü 

 
 

G
Ý 

eÞ 
V
ß

h = 3
 
k

 
pà 
cá

E
â 

N
ã 

E
â 

R
ä 

G
Ý 

Y
å 

 
 

 
 

(
 

 
 

G
Ý 

eÞ 
V
ß 

 
 

)
æ1

 
0
Ü 0
ç

1
 
0
Ü 1

1
 
0
Ü 2

1
 
0
Ü 3
è

1
 
0
Ü 4

1
 
0
Ü 1

1
 
0
Ü 2
é

1
 
0
Ü 3
è

E
 3

×
J   

(
 

e
 

l
 

e
 

c
 

t
 

r
 

o
 

n
 

s
 

/ê

 
m

 2
⋅s e 

c⋅
s r⋅

G 
e

 
V

 –
 2
)

M
 

oÚ 
n

 
oÚ 
gë 
eÞ 
m

V
ß 

eÞ 
l

 
a

0
Ü 

.

 

3

 

k

 

pà 

cácá oÚ n
 

t
ì 
r

 
i

 
b
í 

uî 
t
ì 
i

 
oÚ 
n

 
 

 
f

 
r

 
oÚ 
m

a

 

l

 

l

 

 

 

s

 

oÚ 

uî 

r

 

cá 

eÞ 

s

 B
 

a
 

r
 

b
í 

i
 

eÞ 
l

 
l

 
i

 
n

 
i

 
 

 
eÞ 
t
ì 
 

 
a

 
l

 
.

 
 

 
1

 
9
ï 

9
ï 

7
ðM

ñ
˙
 
 ̇
 
 uî  l
ò 
l
ò 
eÞ 
ró 
 

 
eÞ 
t
ì 
 

 
a

 
l
ò 
.

 
 

 
1

 
9
ï 

9
ï 

7
ð

 

O
 

uî 
ró 
 

 
d
ô 

a
 

t
ì 
a

G
Ý 

oÚ 
l

 
d
ô 

eÞ 
n

 
 

 
eÞ 
t
ì 
 

 
a

 
l

 
.

 
 

 
1

 
9
ï 

9
ï 

4

G
Ý 

oÚ 
l
ò 
d
ô 

eÞ 
nõ 
 

 
eÞ 
t
ì 
 

 
a

 
l
ò 
.

 
 

 
1

 
9
ï 

8
 

4
öT

÷ 
a

 
nõ 
gë 
 

 
1

 
9
ï 

8
 

4
ö

W
ø 

eÞ 
b
í 

b
í 

eÞ 
ró 
 

 
eÞ 
t
ì 
 

 
a

 
l
ò 
.

 
 

 
(

 
R
ä 

a
 

d
ô 

i
ù 
oÚ 
)
æ 
 

 
1

 
9
ï 

8
 

0
Ü

T
 

oÚ 
r

 
i

 
i

 
 

 
eÞ 
t
ì 
 

 
a

 
l

 
.

 
 

 
1

 
9
ï 

9
ï 

7
ð1

 
0
Ü 4

1
 
0
Ü 5
ú

V
ß 

eÞ 
l
ò 
a

0
Ü 

.

 

2
û 

k
ü 

pà 

cá

V
ß 

eÞ 
l
ò 
a

0
Ü 

.

 

2
û 

5
Û 

k
ü 

pà 

cá

D
ý

1.0 10 (E/1TeV) cm /sec29 2
 = × 0 3

þ
.ÿ

b
í

1.5 10 (GeV sec)–16= × ⋅ –1

Q 1 1048
�

e� erg�= ×γ = 2 4.

V
� 

e� 
l

 
a

0
� 

.

 

3

 

k
� 

p� 

c�
V
� 

e� 
l

 
a

0
� 

.

 

2
	 

k
� 

p� 

c�
V
� 

e� 
l

 
a

0
� 

.

 

2
	 

5

 

k
� 

p� 

c�

f
� 
o� r 

 
 

E
�

> 5

 

0
� 

0
� 

 
 

G
 

e� 
V
�

h =
�

3
 
k
� 

p� 
c�

E
 

N
� 

E
 

R
 

G
 

Y
 

 
 

 
 

(
 

 
 

G
 

e� 
V
� 

 
 

)
�1

 
0
� 0
�

1
 
0
� 1

1
 
0
� 2

1
 
0
� 3
�

1
 
0
� 4

1
 
0
� 1

1
 
0
� 2
�

1
 
0
� 3
�

E
 3

×
J   

(
 

e
 

l
 

e
 

c
 

t
 

r
 

o
 

n
 

s
 

/
 

m
 2

⋅s e 
c⋅

s r⋅
G 

e
 

V
 –

 2
)

c� o� n
 

t
� 
r

 
i

 
b
� 

u� 
t
� 
i

 
o� 
n

 
 

 
f

 
r

 
o� 
m

a

 

l

 

l

 

 

 

s

 

o� 

u� 

r

 

c� 

e� 

s

 B
� 

a
 

r 
b
� 

i
� 
e� 
l
� 
l
� 
i
� 
n� 
i
� 
 

 
e� 
t
� 
 

 
a

 
l
� 
.

 
 

 
1

 
9
� 

9
� 

7
�M

�
˙
 
 ̇
 
 u�  l
� 
l
� 
e� r 

 
 

e� 
t
� 
 

 
a

 
l
� 
.

 
 

 
1

 
9
� 

9
� 

7
�

 

O
 

u� 
r

 
 

 
d
� 

a
 

t
� 
a

G
 

o� 
l

 
d
� 

e� 
n

 
 

 
e� 
t
� 
 

 
a

 
l

 
.

 
 

 
1

 
9
� 

9
� 

4

G
 

o� 
l

 
d
� 

e� 
n

 
 

 
e� 
t
� 
 

 
a

 
l

 
.

 
 

 
1

 
9
� 

8
 

4
T
  

a
 

n� 
g! 
 

 
1

 
9
� 

8
 

4
"

W
# 

e� 
b
� 

b
� 

e� 
r

 
 

 
e� 
t
� 
 

 
a

 
l

 
.

 
 

 
(

 
R

 
a

 
d
� 

i
 

o� 
)
� 
 

 
1

 
9
� 

8
 

0
�

T
 

o� r
 

i
 

i
 

 
 

e� 
t
� 
 

 
a

 
l

 
.

 
 

 
1

 
9
� 

9
� 

7
�1

 
0
� 4

1
 
0
� 5
$

b
�

1.5 10 (GeV sec)–16= × ⋅ –1

Q 1 1048
e% erg&= ×γ = 2 4

	
.

D
'

4.0 10 (E/1TeV) cm /sec29 2
 = × 0 3

(
.)

*,+.-0/213-4+6587:9<;>=?7:/@58AB13CD+.E39<FHG3IJ72ABK.7:9LNMPOHQ0RTSUQWVYXUZB[6\^]`_bac_edgfgfgf6\ih3jk_lM

monqpsrutivxwzy {|y~} �ovxwct^wzy ����psrutivb{

�� �Y���?�T� �� �Y�s���T�

������������������k����������� � �¡ £¢�¤

¥ =3AB¦0-x§>¨ª©?«<¦0/T¬3+.7:-®¯A�°+`G�72A:©�±c²x³µ´



¶ ·¹¸»º|¼ ½ ·�¾À¿oÁ�º|Â>Ã ÄÅÂgÁÇÆUÈ
É|Ê Ë Ä Ì ÍÎÈoÁÇÆ

ÏÑÐÒÔÓJÕ:Ö8×ÙØ Ï¡ÚÜÛoÝ<Þ

-80

-60

-40

-20

0

20

40

60

80

-150 -100 -50 0 50 100 150
200

250

300

350

400
ß
450

500

550

àHá2â:ã�äNåªæ�ç<èéáTê�ë.ì2í®î»ïñðë.ò?ì:ï:æôócõxöµ÷



0
ø

10

20
ù
30
ú

0
ø

1
û

2
ù

3
ú

4
ü

5
ý

6
þ

7 8
ÿ

9
�

10
û

11
û

12
û

13
û

14
û

15
û
N
�

γ�

%

1
û

10
û
10 2

10 3
�

10
û 4

-20 0
ø

20
ù

40
ü

60
þ

80
ÿ

100
û

120
û

140
û

160
û

180
û

E
�

γ� ÿ [ keV ]

���	��
 ������

0
ø
5
ý

10
û
15

20

0
ø

2
ù

4
ü

6
þ

8
ÿ

10
û

12
û

14
û

16
û

18
û

20
ù
N
�

γ�

%

1
û

10
û
10
û 2
�

10 3
�

10 4
�

0
ø

1
û

2
ù

3
ú

4
ü

5
ý

E
�

γ� ÿ [ MeV ]

� �	� 
�������

0
ø

25

50
ý
75

100
û

0
ø

2 4 6
þ

8
ÿ

10 12 14 16 18 20
N
�

γ�

%

1

10
û
10
û 2

10 3
�

10 4

0
ø

0.2
ø

0.4
ø

0.6
ø

E
�

γ� ÿ [ keV ]

��� � 
��������

���! 	"$#&%('*),+-�/.�0(1325476980(:;1	6<'�=?>A@7B



C D&EGFIHKJ L MONQPSRUTWVYXUFIZI[

10\ −2 10\ 0 10\ 2 10\ 4

Energy [MeV]]
10−4

10−3

10−2

10−1

E
2 I(

E
) 

[M
eV

2  c
m

−
2  s

ec
−

1  s
r−

1  M
eV

−
1 ]

ASCA

HEAO−1

SMM

COMPTEL

EGRET

^K_a`9b�c;dfe�gihj_	kAlnmaoqpsr(tlnu5m9r9ewvYx�y?z



{}|�~��f����|W� {O�Y�����$������|W� |W�����9�

�����Y���S�������������  /�q�¡��¢
 a� � �����£���?¤ ¥7�S���

¦Y¦¦Y¦¦Y¦§Y§§Y§§Y§¨Y¨Y¨¨Y¨Y¨¨Y¨Y¨¨Y¨Y¨¨Y¨Y¨
©Y©Y©©Y©Y©©Y©Y©©Y©Y©©Y©Y©

ªYªYªªYªYªªYªYªªYªYªªYªYªªYªYªªYªYªªYªYªªYªYªªYªYªªYªYªªYªYªªYªYªªYªYª

«Y««Y««Y««Y«
«Y««Y««Y««Y«
«Y««Y««Y««Y«
«Y««Y«

2a
¬®

¯I° ±

²K³a´9µ�¶;·f¸�¹iºj³	»A¼n½a¾q¿sÀ(Á¼nÂ5½9À9¸wÃYÄ�Å?Æ



Ç�ÈÊÉ&Ë�É*Ç�ÌÎÍ�ÌÎÏÑÐUÍ&Ò

ÓYÔfÕ�Ö!×fØ

0

0.2

0.4

0.6

0.8

1

0 1 2 3
Ù

4 5
Ú

Θ [µrad]

d
n γ 

/ÿd
Θ

 [
 a

rb
itr

a
ry

 ]

E
Û

γÜ =0.5keV

EγÜ =1keV

EγÜ =10keV

EγÜ =20keV

EγÜ =50keV

Eelec.=10TeV

ÝKÞaß9à�á;âfã�äiåjÞ	æAçnèaéqêsë(ìçní5è9ë9ãwîYï�ð?ñ



òôóiõ}öI÷&ø�÷&ùUöûú

üþý ÿ �� � � ����� �
	������������������� ����� 	�� � � �!���#" �$�%��� "&� �'� 	��(�)	*��� ",+ �-�/.10" �2	�3�34�$5 " 5�� � �
	��76258	�� "&� 3$���9	��1:);=<
5�� � �
	>�(6258	�� "&� 3$��� �8	�3,? � �%��� ��@ 58	>� "&� 3��A� �B6 � 3 + �&� " � � 5 + � " � �

C,CC,CC,CC,CC,CC,C
C,CC,CC,CC,CC,CC,C
C,CC,CC,CC,CC,CC,C
C,CC,CC,CC,CC,CC,C
C,CC,CC,CC,CC,CC,C
C,CC,CC,CC,CC,CC,C
C,CC,CC,CC,CC,CC,C

D,DD,DD,DD,DD,DD,D
D,DD,DD,DD,DD,DD,D
D,DD,DD,DD,DD,DD,D
D,DD,DD,DD,DD,DD,D
D,DD,DD,DD,DD,DD,D
D,DD,DD,DD,DD,DD,D
D,DD,DD,DD,DD,DD,D

E,E,E,E,E,E,E,E,E,E,E,E,E,E,E,E,E,E,E,EF,F,F,F,F,F,F,F,F,F,F,F,F,F,F,F,F,F,F,FG,G,G,G,G,G,G,GG,G,G,G,G,G,G,GG,G,G,G,G,G,G,GG,G,G,G,G,G,G,GG,G,G,G,G,G,G,GG,G,G,G,G,G,G,GG,G,G,G,G,G,G,GG,G,G,G,G,G,G,GG,G,G,G,G,G,G,GG,G,G,G,G,G,G,GG,G,G,G,G,G,G,G
H,H,H,H,H,H,H,HH,H,H,H,H,H,H,HH,H,H,H,H,H,H,HH,H,H,H,H,H,H,HH,H,H,H,H,H,H,HH,H,H,H,H,H,H,HH,H,H,H,H,H,H,HH,H,H,H,H,H,H,HH,H,H,H,H,H,H,HH,H,H,H,H,H,H,HH,H,H,H,H,H,H,H

I,I,I,I,I,I,I,II,I,I,I,I,I,I,II,I,I,I,I,I,I,II,I,I,I,I,I,I,II,I,I,I,I,I,I,II,I,I,I,I,I,I,II,I,I,I,I,I,I,II,I,I,I,I,I,I,II,I,I,I,I,I,I,II,I,I,I,I,I,I,II,I,I,I,I,I,I,I
J,J,J,J,J,J,J,JJ,J,J,J,J,J,J,JJ,J,J,J,J,J,J,JJ,J,J,J,J,J,J,JJ,J,J,J,J,J,J,JJ,J,J,J,J,J,J,JJ,J,J,J,J,J,J,JJ,J,J,J,J,J,J,JJ,J,J,J,J,J,J,JJ,J,J,J,J,J,J,JJ,J,J,J,J,J,J,JK,K,K,K,K,K,K,K,K,K,K,K,K,K,K,K,K,K,K,KL,L,L,L,L,L,L,L,L,L,L,L,L,L,L,L,L,L,L,LM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,MM,M,M,M,M,M,M

N,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,NN,N,N,N,N,N,N

O,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,OO,O,O,O,O,O

P,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,PP,P,P,P,P,P

Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,QQ,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q,Q

R,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,RR,R,R,R,R,R,R,R,R,R,R,R,R

S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,SS,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S,S

T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T

U,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,UU,U,U,U,U,U,U,U

V,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,VV,V,V,V,V,V,V,V

�$WX3 � � � 3Y6��
ü �[Z \^]`_7a � b ü �)Z cedgf � h ü ý ÿ ��

:>i

j,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,jj,j,j,j,j,j,j,j,j,j,j

k,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,kk,k,k,k,k,k,k,k,k,k,k

l,l,l,l,l,l,l,ll,l,l,l,l,l,l,ll,l,l,l,l,l,l,ll,l,l,l,l,l,l,ll,l,l,l,l,l,l,ll,l,l,l,l,l,l,ll,l,l,l,l,l,l,ll,l,l,l,l,l,l,ll,l,l,l,l,l,l,ll,l,l,l,l,l,l,ll,l,l,l,l,l,l,l
m,m,m,m,m,m,m,mm,m,m,m,m,m,m,mm,m,m,m,m,m,m,mm,m,m,m,m,m,m,mm,m,m,m,m,m,m,mm,m,m,m,m,m,m,mm,m,m,m,m,m,m,mm,m,m,m,m,m,m,mm,m,m,m,m,m,m,mm,m,m,m,m,m,m,mm,m,m,m,m,m,m,m

n,n,n,n,n,n,n,nn,n,n,n,n,n,n,nn,n,n,n,n,n,n,nn,n,n,n,n,n,n,nn,n,n,n,n,n,n,nn,n,n,n,n,n,n,nn,n,n,n,n,n,n,nn,n,n,n,n,n,n,nn,n,n,n,n,n,n,nn,n,n,n,n,n,n,nn,n,n,n,n,n,n,n
o,o,o,o,o,o,o,oo,o,o,o,o,o,o,oo,o,o,o,o,o,o,oo,o,o,o,o,o,o,oo,o,o,o,o,o,o,oo,o,o,o,o,o,o,oo,o,o,o,o,o,o,oo,o,o,o,o,o,o,oo,o,o,o,o,o,o,oo,o,o,o,o,o,o,oo,o,o,o,o,o,o,op,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,pp,p,p,p,p,p,p

q,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,qq,q,q,q,q,q,q

r,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,rr,r,r,r,r,r,r,r,r,r,r,r,r

s,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,ss,s,s,s,s,s,s,s,s,s,s,s,s

3 + 	�� � �t3$� � �u��� � � � �
ü �[Z cvd^f � b ü �[Z \^]`_7a � h ü ý ÿ ��

: i

w4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4ww4w4w4w4w4w4w

x4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4xx4x4x4x4x4x4x

y4y4y4y4y4y4y4yy4y4y4y4y4y4y4yy4y4y4y4y4y4y4yy4y4y4y4y4y4y4yy4y4y4y4y4y4y4yy4y4y4y4y4y4y4yy4y4y4y4y4y4y4yy4y4y4y4y4y4y4yy4y4y4y4y4y4y4yy4y4y4y4y4y4y4yy4y4y4y4y4y4y4yy4y4y4y4y4y4y4y
z4z4z4z4z4z4z4zz4z4z4z4z4z4z4zz4z4z4z4z4z4z4zz4z4z4z4z4z4z4zz4z4z4z4z4z4z4zz4z4z4z4z4z4z4zz4z4z4z4z4z4z4zz4z4z4z4z4z4z4zz4z4z4z4z4z4z4zz4z4z4z4z4z4z4zz4z4z4z4z4z4z4zz4z4z4z4z4z4z4z

{4{4{4{4{4{4{4{4{{4{4{4{4{4{4{4{4{{4{4{4{4{4{4{4{4{{4{4{4{4{4{4{4{4{{4{4{4{4{4{4{4{4{{4{4{4{4{4{4{4{4{{4{4{4{4{4{4{4{4{{4{4{4{4{4{4{4{4{{4{4{4{4{4{4{4{4{{4{4{4{4{4{4{4{4{{4{4{4{4{4{4{4{4{{4{4{4{4{4{4{4{4{
|4|4|4|4|4|4|4|4||4|4|4|4|4|4|4|4||4|4|4|4|4|4|4|4||4|4|4|4|4|4|4|4||4|4|4|4|4|4|4|4||4|4|4|4|4|4|4|4||4|4|4|4|4|4|4|4||4|4|4|4|4|4|4|4||4|4|4|4|4|4|4|4||4|4|4|4|4|4|4|4||4|4|4|4|4|4|4|4||4|4|4|4|4|4|4|4|}4}4}4}4}4}4}4}4}4}4}4}4}4}4}4}4}4}4}4}~4~4~4~4~4~4~4~4~4~4~4~4~4~4~4~4~4~4~4~�4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4�

�4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4��4�4�

�4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4�

�4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4��4�4�4�4�4�4�4�4�4�4�4�
���%���&�����8���,�����&���������
���[� �^�`�7�%� � ���)� �e�g�,�   �¢¡¤£ ��

¥�¦

§�¨^©gª$«Y¬B�®°¯±¨³²4´Bµ·¶>¸º¹¼»´B½)µg¹¾4¿ÁÀÃÂºÄ



ÅÇÆYÈÊÉÌËÎÍ ÏÑÐÑÒ�Ï Ó�Ô2ÔÌÉ�Ë�Í
Õ×Ö�Ø Ë Ù�ËtÚ=ÛXÜ)Ý Õ×Ö ÛXÞ ÛXßáàâË Õ Ë�ã Õ ÛXÙ äåÓtÔ*ÞæÚ

ç è éâê ë!ì ç è íîê ë!ì ç è ïðê ë!ì

ñ òôó ëæõ öå÷ øúù û öå÷ üþý ÿ

0

0.2

0.4

0.6

0.8

1

0 1 2
�

3
Ù

4
�

5
Ú

6
Nγ�

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

0 1 2
�

3
Ù

4
�

5
Ú

6
Nγ�

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

0 1 2
�

3
Ù

4
�

5
Ú

6
Nγ�

0

0.2

0.4

0.6

0.8

1

0 1 2
�

3
Ù

4
�

5
Ú

6
Nγ�

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

0 1 2
�

3
Ù

4
�

5
Ú

6
Nγ�

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

0 1 2
�

3
Ù

4
�

5
Ú

6
Nγ�

0

0.2

0.4

0.6

0.8

1

0 1 2
�

3
Ù

4
�

5
Ú

6
Nγ�

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

0 1 2
�

3
Ù

4
�

5
Ú

6
Nγ�

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

0 1 2
�

3
Ù

4
�

5
Ú

6
Nγ�

����
� � ��
	

�
�� 
� ���
����
�� � �

���� �
��
� �
��
�

����� �"!�!$#&%('*),+-��.0/2143�5��6&.�30#87:9 ;=<



>@?BADCFE(G HJIJKLH MONPNFCQERG
SUTWV E XYE[Z]\_^$` SUT \_a \_bdceE S EOf S \_X ghM[NiajZ

k Kml >

n S Eoa cqp(rsZ t TBuwv_S
n pxZyZ:` V E[c pxfzf{EO| S pQaef}E \_bJI ~ � � l Mi?�N V � ZyX

MO��E(G HJI������W�����&�-� H >Q��ERG k �$���$���0�&��� � �iN
MO��E(G HJI����&�����-� H >x��ERG k ���&�-���-� � � n M[NF�

E(� f T Eoaef}r l AQNP� k �����$�����&�-� � M�A
f v pxX u E f}\waeb�? l � n MON_��� k �$�¡ ¢�-£¤� � �B�-�=¥§¦(� MF?B> n M[N_��¨

|ª©¬«qpxfC u XY\_`qaec l ® n M[N_��� k � �R¯  2�$°¢£2�8�-±��³² � Nª?´NP�

µ ¶¸·[¹jº »h¼ ½¿¾ À »h¼ Á¢Â Ã
Ä Å Æ Ç È ÉqÊÌË

Í[ÎLÏ�ÍoÐyÑÓÒmÔÖÕ ×Î�ØRÙ ×YÚªÛ,×ÝÜ ÞßØzÞßÕ8ÔÞ§ÏáàâÑdÑÓã�ÐUÕ8ÔÞßÙ ä[ÐUÕ&Ï�à,ÑßÛ,Þ¬åæØz×:ÏçàèØ(ÑßÛèÎ�ÙzÞßÙ

é]ê0ë�ì�í$î�ï�ðRñòê,ó-ô�õ0ö2÷yø�ùô�ú&õ�ø�ïüû:ý þÝÿ





����
���
���

� �	

���
���

�����
���

��
���� 
!"
#$%&
'(
)*&
+,(
-./
01
23
45
67
89

:;=<>?

@ACB
DE

FGHI
JKG
LM
LNO
P

QRS
TU
VWXY
Z[

\]^
_`ab
_cd
efg

hijk
k
l

mnop
qrtsuv

wxyz{
|
}~��
~�

�����������������������������������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������������������������������������





















107

-1000

-750

-500

-250

0
�

0
�

5000
�

 0.3226E+06/  9997
P1 -0.1558E+06
P2   19.15
P3   34.27
P4  -159.5

time [ns]�

a
m

p
lit

u
d

e
 [

m
V

]

f(x) ÿ = ÿ P1/((1-P2)P3) (exp(-x/P3) - exp(-x/(P2 P3)
�

))
�

108

-1000

-750

-500

-250

0
�

0
�

5000
�

 0.4405E+06/  9997
P1 -0.1070E+06
P2   23.08
P3   28.14
P4  -159.2

time [ns]�

a
m

p
lit

u
d

e
 [

m
V

]

f(x) ÿ = ÿ P1/((1-P2)P3) (exp(-x/P3) - exp(-x/(P2 P3)
�

))
�

109

-1000

-750

-500

-250

0
�

0
�

5000
�

 0.4473E+06/  9997
P1 -0.1855E+06
P2   19.11
P3   32.78
P4  -159.2

time [ns]�

a
m

p
lit

u
d

e
 [

m
V

]

f(x) ÿ = ÿ P1/((1-P2)P3) (exp(-x/P3) - exp(-x/(P2 P3)
�

))
�

M.Kräber,ETHZ,November00



0

200

400

600

0 60
corr. amplitude [ ADC units ]

e
n

tr
ie

s 
[ 

1
/1

 A
D

C
 u

n
its

 ]

pos.�
σ

res.
∫
�
/
�
∆t

=
=
=
=

 12.6 ±  0.1
  3.8 ±  0.1
 30.3  %
3758.0 s
� -1

0

200

400

600

0 60
corr. amplitude [ ADC units ]

e
n

tr
ie

s 
[ 

1
/1

 A
D

C
 u

n
its

 ]

pos.�
σ

res.
∫
�
/
�
∆t

=
=
=
=

  8.2 ±  0.1
  3.0 ±  0.1
 36.3  %
3200.1 s
� -1

0

200

400

600

0 60
corr. amplitude [ ADC units ]

e
n

tr
ie

s 
[ 

1
/1

 A
D

C
 u

n
its

 ]

pos.�
σ

res.
∫
�
/
�
∆t

=
=
=
=

  8.2 ±  0.1
  2.9 ±  0.1
 35.9  %
4007.9 s-1

0

100

200

0 60
corr. amplitude [ ADC units ]

e
n

tr
ie

s 
[ 

1
/1

 A
D

C
 u

n
its

 ]

pos.�
σ

res.
∫
�
/
�
∆t

=
=
=
=

 24.4 ±  0.2
  8.7 ±  0.2
 35.5  %
3698.9 s
� -1

0

200

0 60
corr. amplitude [ ADC units ]

e
n

tr
ie

s 
[ 

1
/1

 A
D

C
 u

n
its

 ]

pos.�
σ

res.
∫
�
/
�
∆t

=
=
=
=

 24.9 ±  0.2
  8.7 ±  0.1
 35.1  %
3695.4 s
� -1

0

200

400

0 60
corr. amplitude [ ADC units ]

e
n

tr
ie

s 
[ 

1
/1

 A
D

C
 u

n
its

 ]

pos.�
σ

res.
∫
�
/
�
∆t

=
=
=
=

 11.6 ±  0.1
  3.8 ±  0.1
 32.7  %
3550.1 s
� -1

0

200

400

0 60
corr. amplitude [ ADC units ]

e
n

tr
ie

s 
[ 

1
/1

 A
D

C
 u

n
its

 ]

pos.�
σ

res.
∫
�
/
�
∆t

=
=
=
=

 10.0 ±  0.1
  3.5 ±  0.1
 35.5  %
3943.7 s
� -1

0

200

400

0 60
corr. amplitude [ ADC units ]

e
n

tr
ie

s 
[ 

1
/1

 A
D

C
 u

n
its

 ]

pos.�
σ

res.
∫
�
/
�
∆t

=
=
=
=

 13.7 ±  0.1
  5.0 ±  0.1
 36.5  %
3444.9 s
� -1

0

200

0 60
corr. amplitude [ ADC units ]

e
n

tr
ie

s 
[ 

1
/1

 A
D

C
 u

n
its

 ]

pos.�
σ

res.
∫
�
/
�
∆t

=
=
=
=

 24.6 ±  0.2
  8.4 ±  0.1
 34.2  %
3714.4 s
� -1

0

200

400

0 60
corr. amplitude [ ADC units ]

e
n

tr
ie

s 
[ 

1
/1

 A
D

C
 u

n
its

 ]
pos.�
σ

res.
∫
�
/
�
∆t

=
=
=
=

 10.2 ±  0.1
  3.9 ±  0.1
 38.6  %
3293.9 s
� -1

0

200

0 60
corr. amplitude [ ADC units ]

e
n

tr
ie

s 
[ 

1
/1

 A
D

C
 u

n
its

 ]

pos.�
σ

res.
∫
�
/
�
∆t

=
=
=
=

 18.4 ±  0.1
  6.1 ±  0.1
 33.3  %
3471.2 s
� -1

0

200

400

0 60
corr. amplitude [ ADC units ]

e
n

tr
ie

s 
[ 

1
/1

 A
D

C
 u

n
its

 ]

pos.�
σ

res.
∫
�
/
�
∆t

=
=
=
=

 19.8 ±  0.1
  6.9 ±  0.1
 34.6  %
3889.1 s
� -1

M.Kräber, June 2001, ETHZ

55Fe  :  5.9 keV

UPM 4A
�   = 800V UPM 7B

�   = 700V

UPM 1A
�   = 800V UPM 5A

�   = 800V UPM 6B
�   = 800V UPM 2B

�   = 800V

UPM 2A
�   = 800V UPM 6A

�   = 800V UPM 5B
�   = 800V UPM 1B

�   = 800V

UPM 7A
�   = 800V UPM 4B

�   = 800V











  6. event   APV 1   ord. ped. cms sor.  time  1

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time  9

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time  2

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time 10

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time  3

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time 11

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time  4

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time 12

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time  5

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time 13

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time  6

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time 14

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time  7

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time 15

-150

-25

100

50 100
channel

  6. event   APV 1   ord. ped. cms sor.  time  8

-150

-25

100

50 100
channel

Side B : APV channel 1 : ordered, pedestals, cms, sorted
files 07.03.2001 b1+

M.Kräber, June 2001, ETHZ



 69. event   APV 1   ord. ped. cms sor.  time  1

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time  9

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time  2

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time 10

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time  3

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time 11

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time  4

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time 12

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time  5

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time 13

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time  6

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time 14

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time  7

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time 15

-25

0

25

50 100
channel

 69. event   APV 1   ord. ped. cms sor.  time  8

-25

0

25

50 100
channel

Side B : APV channel 1 : ordered, pedestals, cms, sorted
files 07.03.2001 b1+

M.Kräber, June 2001, ETHZ








