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m a in  c h a r a c t e r ist ic s

� SiPM’s:   
- p o ssib l e  a p p l ic a t io n s in  p a r t ic l e  p h y sic s
- d r a w b a c k s a n d  l im it a t io n s 

� SiPM’s:  
p e r sp e c t iv e s o f  t h e  d e v e l o p m e n t
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Silicon photomultiplier ( SiP M )

2 ns

2 mV

SiPM main features:

• S e n s i t i v e  s i z e  1 x 1 m m 2 o n  c h i p  1 . 5 x 1 . 5  m m 2

• G a i n  2 ⋅ 1 0 6

• U b i a s ~ 5 0 V
• R e c o v e r y  t i m e  <  1 0 0  n s / p i x e l
• N u m b e r  o f  p i x e l s :  ~  1 0 0 0 / m m 2

• N u c l e a r  c o u n t e r  e f f e c t :  n e g l i g i b l e  ( d u e  t o  G e i g e r  
m o d e
• I n s e n s i t i v e  t o  m a g n e t i c  f i e l d
• D y n a m i c  r a n g e  ~ 1 0 3 / m m 2

R 50ΩΩΩΩ

hνννν

pixels

Ubias ∼∼∼∼50V

Al

Depletion
Region

2 µµµµm
substrate

Resistor    
~1 MOhm

20µµµµm

42µµµµm

for details: NIMA 504(2003)48

50 0hm 
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Single pixel device:

ingleS

P h o t o n

A va la nch e

D et ect o r

F.Z a p p a .A .L a c a i t a , S , C o v a , P .L o v a t i ,
O p t .E n g i n e e r i n g  J ., 3 5 ( 1 9 9 6 ) 9 3 8

S .C o v a , M .G h i o n i , A .L a c a i t a .C .S a m o r i , F.Z a p p a
A p p l i e d  O p t i c s , 3 5 ( 1 9 9 6 ) 1 9 5 6
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Single photoelectron (single pixel) spectra

0 100 200 300 400
0

2000

4000

6000

8000

10000

C
ou

nt
s

Channel

SiPM

0 pe 1 pe

2 pe

3 pe

4 pe

0 400 800200 600
Channel

0 pe
1 pe

2 pe

3 pe

0

40

80

120

160

VLPC
NIM A 477 (2002) 172-178

200 300 400 500 600
Channel

Pedestal

1 pe

2 pe

3 pe

4 pe

HPD

0

200

400

600

800

NIM A 442 (2000) 164-
170

SiPM: 
• e x c e l l e n t  s in g l e  p h o t o e l e c t r o n  r e s o l u t io n
• l o w  E N F  e x p e c t e d
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More about pixel signal resolution: 
tens of  ph otoelec trons
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• S i P M  c o n s i s t s  o f  a  l a r g e  n u m b e r  o f  p i x e l  p h o t o e l e c t r o n  c o u n t e r s  w i t h  
b i n a r y  r e a d o u t  f o r  e a c h  p i x e l ,  w o r k i n g  a s  a n a l o g u e  d e v i c e
• s i g n a l  u n i f o r m i t y  f r o m  p i x e l  t o  p i x e l  i s  q u i t e  g o o d

<Nph.e> =46



B.Dolgoshein    "SiPM in particle physics:..." 7

Photon detection efficiency  ε =  Q E ⋅εgeom
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Photon detection efficiency
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SiPM

PMT XP2020Q number 40979
(according to Philips Photonics)

APD EG&G C30626E 
(NIM A428 (1999) 413-431)

Spectral dependence of quantum efficiency for different photodetectors 
(room temperature)

Q
E

, %

Wavelengthλ, nm

SiPM:  ε =  Q E ⋅εgeom,   εgeom ~ 0 . 3 ( p o s s ib l e  im p r o v e m e n t  u p  t o  ~  0 . 7 )
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SiPM g a in :  t e m p e r a t u r e  a n d  v o l t a g e  
d e p e n d e n c e

0.05V/50V=

=1 0-3
2 .0 o

S i P M

M =2 ⋅ 1 0 6

0.04 V/3 00V=

=1 .5⋅ 1 0-4
0.3 o

A P D  H a m a m a t s u  S 53 4 5

( h i g h  c a p a c i t a n c e ) *

0.4 V/4 00V=

=1 0-3
0.1 5 o

A P D  E G & G

C 3 06 2 6 E *

∆V/V 0 f o r  ∆ M /M =1 %
∆ T

f o r  ∆ M /M =1 %
P h o t o d e t e c t o r

*) for A P D s M = 1 0 0   / K a ra r e t  a l  N I M  A 4 2 8 ( 1 9 9 9 ) 4 1 3 /
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Timing by S iP M

�S iP M  is  q u ite f a s t:  d is c h a r ge time is
typ ic a l l y a bo u t 5 0 0  p s

� R is e time is  ~ 1  ns                             
S ingl e p ix el  r ec o v er y time< 1 0 0 ns

( R pixelx C pixel ~ 3 0  ns )

�Timing by S iP M  h a s  been s tu d ied  u s ing 
v er y f a s t l a s er ( F W H M = 4 0  p s )
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Timing by S iP M
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Single Photoelectron 

SiPM PMT R-5320

FWHM: Laser (40 p s)  +  el ec t ro n i c s (40 p s)  = >  S i P M (1 00 p s)

� SiPM t im in g  p e r f o r m a n c e  c o m p e t e s  w it h  MC P PM

The best

5 0  p s  s ig m a  f o r  s in g l e  p h . e .  b y  l e a d in g  e d g e  d is c r im in a t o r�
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SiPM:  a r g u m e n t s  in  f a v o u r

� Low noise,high gain                      
�G ood  singl e el ec t r on r esol u t ion     

�V er y  good  t im ing
�S m al l  r ec ov er y  t im e                   

�Low c har ge p ar t ic l e/ p hot on sensit iv it y  
�I nsensit iv it y  t o B
�Low b ias v ol t age

�Low p ower  c onsu m p t ion
�C om p ac t ness

�R oom  t em p er at u r e op er at ion
�G ood  t em p er at u r e and  v ol t age st ab il it y

�S im p l est  el ec t r onic s
�R el at iv el y  l ow c ost ( l ow r esist iv it y  S i,sim p l e 

t ec hnol ogy )
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SiPM:  d r a w b a c k s  

a n d  l im it a t io n

MANY-
t o  b e  c o n s i d e r e d  s e p a r a t e l y  f o r  c o n c r e t e  

a p p l i c a t i o n
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SiPM:  Po s s ib l e  A p p l ic a t io n s  in  Pa r t ic l e  
Ph y s ic s

T h e  m a in  f ie l d

Low Light Level (LLL) detection:

� LLL s cintilla tion R ea dou t

� S ingle P hoton C ou nting

� F a s t(< 1 0 0  p s ) tim ing f or  s ingle p hoton
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NIM B 44 (1995) 332-339
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12080400

NIM A 459 (2001) 440-447

SiPM a p p l ic a t io n  f o r  s c i f ib e r MI P 
d e t e c t io n

• S i P M  i s  b e t t e r  t h a n  A P D  f o r  r o o m  t e m p e r a t u r e
• S i P M  a t  r o o m  t e m p e r a t u r e  i s  g o o d  e n o u g h  e v e n  c o m p a r e d  t o  V L P C  a t  
6 . 5 oK

Kuraray SCSF-3HF(1500)M

Limitation: H i g h e r  p h o t o n  d e t e c t i o n  e f f i c i e n c y  ( 3 0 - 4 0 % )  i s  d e s i r a b l e
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Hadron T i l e  C al ori m e t e r 
f or T E S L A  E x p e ri m e nt ,   M C
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Sci t il e + W L S f ib e r  r e a d o u t  –
A p p l ica t io n  f o r  H a d r o n  T il e  C a l o r im e t e r

TESLA HCAL- s c i  t i l e s  5 0 x 5 0 x 5 m m  
i n t e r l a y e r e d b y  2  c m  F e

Plastic sci   “ V lad im ir ”
W L S  f ib e r    K u r ar ay  Y - 1 1 ;  1 m m

R e f le cto r  3 M
S iPM  1 x 1 m m , 1 0 2 4  p ix e ls
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MIP  in  S c i t il e  5 0 x 5 0 x 5  m m 3

I
VE l e c t r o n 4  G e V

T e s t  b e a m  D E S Y

MiniH C A L  T E S L A

9  l a y e r s  o f  3x 3 s c i t il e s

+  W L S + S iPM’ s

w it h  2 c m  F e  in b e t w e e n

Readout by S i P M ’ s  

W i th out an y am p l i f i er s
- - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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TESLA MINICAL with SiP M r e a d o u t

D ESY  El e c tr o n  b e a m  te s t
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TESLA MINICAL with SiP M r e a d o u t

D ESY  El e c tr o n  b e a m  te s t
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SiPM:

Limitations for Tile c alorimetry
b ased  on S c i+ W LS  fib er+ S iP M  read ou t

1 .  Limited  d y namic  rang e

Number of photoelectrons/tile < number of S iP M  pix els( = 1 0 2 4 )

� G E A N T3  b ased  simu lations sh ow :
no imp ac t on H C A L energ y  resolu tion u p  to

h ad ron j et energ y  of 2 5  G eV  
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SiPM:
Limitations for Tile c alorimetry   

b ased  on S c i+ W LS  fib er+ S iP M  read ou t

2 .   O p tic al c ross-talk  b etw een th e p ix els:

# of the photons emitted by one electron
in a v a la nche is ~  1 / 1 0 0 0 0 ( fortu na tely! ) , nev ertheless…

� Increase the dark rate for high thresholds
� L im it the S iP M  gain at lev el of 1 0 0 0 0 0
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NO CROSSTALK(Poisson)
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SiPM:  A p p l ic a t io n  f o r  m u o n  t r a c k in g
( T E SL A  e x p e r im e n t )

SiPM

50 cm

��
�

cosmics
SiPM 1 x 1  m m 2

“Vladimir”  plastic sci

WLS Kuraray Y11

1 cm

I T E P  me a su r e me n t s
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SiPM f o r  a  s ing l e  ph o to n c o u nting :
Po s s ib l e  a ppl ic a tio n f o r  E U SO   

e x pe r im e nt                                    

E U SO -
E xtreme     niverse    p a c e    o b serva to ryU S O
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EUSO needs:

� 300000 Photodetectors,working in a single 
p hoton cou nting m ode( “ T PC  C alorim eter” )

� S ensitiv ity  in 300-4 00 nm  range,PD  ef f  30-4 0%

� F ast( < 1 0 ns) , com p act,low weight,
low p ower consu m ing 

� S iz e 4 x 4 ( 5 x 5 )  m m  

�SiPM’s ?B aseline op tion is M A PM T ’ s
(w e g h t ? p o w e r  c o n s u m p t i o n ? p a c k i n g  e f f ? Q E ? )
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SiPM’s f o r  E U SO :  l im it a t io n s f o r  
t o d a y

1. P h o t o n  d e t e c t i o n  e f f i c i e n c y  f o r
3 0 0 - 4 0 0  n m  i s  t o o  l o w ( a  f e w  % )

2 . S i z e  1x 1 m m  i s  o n l y  c a r e f u l l y  s t u d i e d

3 . S i n g l e  p h .e . d a r k  r a t e  s h o u l d  b e  
l e s s  t h a n  d a r k  s k y  r a t e ( ~ 1 M H z / 5 x 5  m m )
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�Two components of dark rate:    th ermal  and h i g h  el ectri c fi el d assi sted  

� M i ni mi z ed ex pected rate for 4 x 4  mm S i P M  i s ~ 2 0 M H z  for room temperatu re

� W orki ng  temperatu re ~  -3 0  C  i s needed to l ower dark rate down ~ 3 0 0  K H z

Expected
th er m a l

g en er a ti o n  r a te

S i P M  1 x 1  mm
2
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SiPM:  T R D  b a s e d  o n  t h in  s c in t il l a t o r

Agavantages c o m p ar ed  to  X e b ased  T R D :
� No gas-> i n p or t an t f or  sp ac e  e x p e r i m e n t s

� No d E /d X r e l at i v i st i c  r i se  f or  h ad r on s� b e t t e r  r e j e c t i on  p ow e r
e x p e c t e d  f or  3 0 < E /m c <  3 00

Multiset r a d ia to r - d etec to r  T R D  is p o ssib le o n ly  w ith  sm a ll
a m o un t o f  th e p h o to d etec to r m a ter ia l �

L i m i tati o n:  need  to  h ave S i P M si z e ~ 5 x 5  m m  2
S iP M( <  0 . 5 % X   )0

V.S o s n o v t s e v  t a l k
S c i T R D :  R a d i a t o r  4 0  c m
+  3 0  m k m  C s I ( N a ) + P M T

P i o n s  
2 0  G e V

E l e c t r o n s
2 0  G e V
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SiPM f o r  f a s t  s in g l e  p h o t o n  t im in g :
Po s s ib l e  a p p l ic a t io n s  f o r  a  n e w  g e n e r a t io n
o f  C h e r e n k o v  I m a g in g   D e t e c t o r s  f o r  H ig h  

L u m in o s it y  B - f a c t o r ie s ( 1 0   c m  s   ) :

etector  of   n tern a l     ef l ected     h eren k ov  l i g h tD  RI C

D I R C

i m e    f   rop a g a ti on   d etectorT O P

T O P

36 - 2 - 1
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DIRC for B a B a r u p g ra d e :

Cherenkov a ng l e i s  ex t ra c t ed  f rom  ( x , y )  s p a c e i m a g e 

Single photon timing info:

� To reject the BG hits 

�To red u ce the chrom a tic
a b erra tion s

R eq u i rem ent s :

Tim in g ~ 1 0 0  p s

C a nd id a tes :

M A  H a m a m a tsu  P M T H 8 5 0 0 ( 1 3 8  p s)

Bu rl e 8 5 0 1  M P C  P M T( 5 4  p s)

->  l ow  g a in , n on  u n if orm  resp on se

S i P M ?
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SiPM f o r  T O P c o u n t e r ( B E L L E  u p g r a d e ) :

� Cherenkov a ng l e i s  ex t ra c t ed
f rom  ( x , t ) s p a c e-t i m e i m a g e of

t he l i g ht  c one

N eed s :

T i m i ng  of  ~ 5 0  p s

Ca nd i d a t e:

M CP  R 3 8 0 9 U -5 0 ,
t i m i ng  5 0  p s  a t  1 . 5 T

SiPM?
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SiPM f o r  D I R C  a n d  T O P c o u n t e r s ,

l im it a t io n s :

1. Size ->  4 x 4  m m

2 . D a r k  r a t e ->  <  3 0 0  K H z( t em p er a t u r e ->  -3 0  C )

3 . P h o t o n  d et ec t io n  ef f ic ien c y -> 3 0 %  in  4 0 0 -7 0 0  
n m  r a n g e  

2
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SiPM:  Su m m a r y
o f  d r a w b a c k s / l im it a t io n s  f o r  t o d a y

�Small size (only 1x1 mm is carefully studied)

� T h e p h oton detection efficiency is 
not h ig h  enoug h (< 2 0 % )

� H ig h  dark  rate

� O p tical cross-talk  b etw een p ixels (2 0 %  for g ain 10   )

� L imited dynamic rang e(10 0 0 / mm   )

2
6

2
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SiPM’s:   p e r sp e c t iv e s o f  t h e  d e v e l o p m e n t s
MEPhI/ PU L S A R ( S i PM’ s p r o d u c e r )  a r e  p l a n n i n g  t o  c o m e  a s  n e a r

a s  p o s s i b l e  t o  S i PM p a r a m e t e r s  n e e d e d  f o r  m o s t  i m p o r t a n t  a p p l i c a t i o n s  ( 2 0 0 4 ? )

Pa r a m e t e r Me t ho d G o a l

S i z e B e t t e r  p u r i t y S i s u b s t r a t e ,  
B e t t e r g e t t e r i n g

4 x 4 ( 5 x 5 ) m m
2

Pho t o n  d e t e c t i o n  
e f f i c i e n c y

In c r e a s e  t he  g e o m e t r i c a l
p a c k i n g  e f f i c i e n c y ,
n e w  p i x e l  t o p o l o g y

3 0 -4 0 %

f o r  3 0 0 -7 0 0  n m

D a r k  r a t e N e w  p i x e l  t o p o l o g y  w i t h
m o r e  u n i f o r m  e l e c t r i c  f i e l d ,
B e t t e r  p u r i t y  S i s u b s t r a t e

B e t t e r g e t t e r i n g  

2 0 0 -3 0 0  K H z / 5 x 5 m m
a t   – 3 0  C

O p t i c a l  c r o s s -t a l k O p t i c a l  i s o l a t i o n  b e t w e e n  p i x e l s
o r  r e d u c t i o n  o f  s i n g l e  p i x e l  g a i n

<  2 %


