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Large mass 34 kton
Magnetized Fe spectrometer      B = 1.3 Tesla
Time resolution        ~ 1 ns (for up/down discrimination)
Space resolution ~ 1 cm (rms on X-Y coordinates)
Momentum resolution σp/p~ 20% from track curvature for outgoing 
muons

~   6% from range for stopping muons
Hadron E resolution   σEh /Eh ~ 90%/√Eh⊕ 30% ~52000 m2 of detector : 

Glass Spark Counters

29.5 m

13 m

14.5 m

8 cm

2.2 cm

Fe

Fe

B B
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70 more stacks

8 modules high

NuMI Off-Axis Detector
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A passing charged particle induces an avalanche, 
which develops into a spark.  The discharge is 
quenched when all of the locally  (                  ) 
available charge is consumed. 

2cm 1.0≈r

Spacers

Signal pickup (x) Resistive Coating

Resistive plates 8 kV

Signal pickup (y) Resistive Coating

+++++++++++++++
_ _ _ _ _ _ _ _ _ _ _

+++               +++++
_ _ _              _ _ _ _

The discharged area recharges slowly through 
the high-resistivity glass plates.

Before

After
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Float Glass vs Bakelite

Float Glass
Has a stable resistivity (hopping conductivity)
ρ=1012-1013 Ωcm at room temperature
Resistivity depends only on temperature

ρ�ρ����������	�

Ageing due to the fluorine compounds like C2H2F4

Bakelite
ρ=1010-1012 Ωcm at room temperature
resistivity increases with the integrated 
charge (ionic conductivity)
Need a surface treatement with linseed oil
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To reduce assembly time, extruded strips 
were used instead of “button-like” 
spacers.  

This also provided a natural “mouse 
maze” to ensure uniform distribution of 
the gas.

2000 m2 / 2 years
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@ � �.� �� ��0

16          12           8            4

15          11           7             3

14          10           6            2

13           9          5             1

 6 �÷�7#�1 Ω:�
σB �# �± �'�1 Ω:�
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BTF – Laboratori 
Nazionali di Frascati

e-
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As noted, each discharge locally deadens the 
RPC. The  recovery time is approximately

0
0 =�
�

�
�
�

�
�
�

�
�
�

�≅= ρκεκερτ
l

A
A

l
RC

 

Numerically this is (MKS units)

s 2)10 x (8.85 x 4  x )10 x ( -1210 =5 = τ

Assuming each discharge deadens an area of                , rates of up
to                      can be handled with 1% deadtime or less.2Hz/m 500

2cm 1.0

+++               +++++
_ _ _              _ _ _ _
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εo = intrinsic eff.
φ = particle flux
Σ = spark dim.

τd = dead time


�:� 5 %�:�3��5�7B �8 :�8 :�
7

7� � �

εε
ε φ τ

=
+ Σ

7���

72 4 �� �ρ − ∆÷

;� �) � ����& �& ��;��0

90% efficiency

T=19 C

5A B '8 77�A

T=25 C

5A B '8 77�A

)1ln(
0V

Vthresh
d −−= ττ
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� HV = 8200 V

� HV = 7800 V
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I �����;�- � ���� �� �

Aging measurements on  glass RPC.
IEEE Trans.Nucl.Sci.50:820-824,2003

Confirms  results of Belle collaborators tests:
Glass surface demaged

Hit map: discharge zones
are located along the 

preferential gas flow path

H20: 2000 ppm
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