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}  The main requirements to the straw spectrometer are: 

¡  Spatial resolution ≤ 130 µm per coordinate and  ≤ 80µm 
per space point  

¡  radiation length (X0) for each chamber - ≤ 0.5%  

¡  Installation inside the vacuum tank  -   P = 10-5 mbar with 
minimum gas load for the vacuum system   

¡  Operation in a high rate environment -   up to 500 kHz/
straw  



The NA62 Straw Collaboration 

l  CERN  
-  PH/DT: Design, development, 

prototyping, procurement, 
coordination, assembly…  

-  PH/ESE: development 
electronics, readout 

 
 

l  Dubna: straw production , 
module assembly, software 



Straw layout in one view 
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4 views: x,y,u,v  
}  The straws are mounted individually in “views”  
}  Each view has 4 planes and a plane has 112 

straws  
}  There are 4 views in each chamber(1792 straw) 

and 4 chambers in total 
}  The total number of straws is 7168 
}  Each view (448 straws) gives one coordinate 
 



 

Straw construction 
u  2.1 m long tube with a diameter of 9.8 mm 

u  The base material is Poly Ethylene Terephthalate 
(PET) with thickness of 36 µm  

u  The foil is coated on the inside with 50 nm of Cu 
and  20 nm of Au by sputtering 

 
The electrical properties and operation 

u   The anode wire is 30 µm in diameter and  made 
from  gold-plated tungsten 

u   Resistivity of anode: 50 Ohm, cathode: 65±5 Ohm, 
wave resistance: 350 Ohm 

u   HV 1750 V and gas mixture: Ar (70%)+ CO2 (30%) 

 

36 µm PET 

50 nm Cu 
20 nm Au 



Microscope pictures of a straw cross- 
section for quality control of the weld 

Straw Quality Control:  
•  All straws are leak tested after a short (15 min) pressure test at 3 bar  
•  The strength of the weld is verified at both straw ends (traction test) 
•  The electrical conductivity between the two straw ends is measured 

“Classical straw winding” 

600 µm 

Ultrasonic welding 



}  Leak testing at different stages 
◦  The Aluminum frames and the straws are leak tested before wire installation  

◦  Specifications: 1mbar x cm3/min/straw   (mainly diffusion of CO2) 

}  Straw step and straightness measurement 

}  Straw tension verification 
◦  An infrared emitter/receiver measures the natural frequency of the straws 

and the straw tension is calculated 

◦  A straw is replaced if tension is < 70% of its nominal value 

}  Wire tension measurement 
◦  A mechanical test of the wire tension is used by applying a  fixed force (F)  

on the crimp tube (visual inspection) 

}  High Voltage (HV) tests 
◦  A first HV test is carried out once the web are installed and a second HV test 

after the wires are inserted. The current is measured. In a second test, the 
front-end cover board is read out in order to look for micro discharges. 



X-view 

Temp. 

Y-view 

Leak test 

vacuum test 
 < 0.8 mbar/min 
CO2 per one 
module 



•  The straws are 
inserted straight 
in horizontal 
position and glued 
in vertical position 

•  Dedicated tooling 
keep the straws 
under tension, 
during the gluing 
process ~2kg 

•  Each straw is guided in 
two points along its 
length by light weight 
spacers anchored in the 
module frames.  

•  The straws are floating 
with respect to the 
spacer and are 
positioned with a 
precision of ~ 20µm 
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 128 spacers (15360 rings) 
 7200 straws for 8 modules 



}  A l a s e r  d e v i c e 
measures the distance 
to the straws and the 
x-posit ion of the 
center is found 

}  A decoder measures 
the x-position in each 
s t r aw l aye r ( top , 
center and bottom 
position) 

}  The nominal distance 
between two adjacent 
straws is 17.6 mm 



The Dismountable 
manifolds supports the 
cover and provides the 
modularity for the gas 
distribution (16 straws) 

For the high-voltage and signal connection a 
flex-rigid circuit board (web) is used. The web 
contains HV capacitors, signal connector and 
HV connectors 

The PCB host the front-end electronics and closes the gas manifolds. The 
modularity is 16 straws and the PCB can withstand the ambient pressure in 
case of a broken straws 

Custom made gold-plated crimp-
tubes to connect the wires which are 
gold-plated Tungsten 30 mkm in 
diameter 



}  The final high voltage test is 
performed with the front-end  
cover installed 

}  A threshold scan is performed to 
detect act iv i ty on individual 
channels. Noisy wires are replaced 

Time: 1s/ch 



1 Chamber contains 2 modules 
1 Module contains 2 views 
1 View is a smallest readout 
system 

30 Front-End 
“covers”/view  

Straw 
Readout 
(+control) 
Boards  
2 SRB/view 

2 Fibers 
2 Gbit/s   

PC farm 

Serial link 

•  Each “cover” has two 8-channel front–end chips, “CARIOCA”, 
developed for the LHCb muon tracker (MWPC).  

•  On-detector TDC based on FPGA with a <1ns intrinsic resolution 



Installation and integration  



On-line monitoring: hit rate in straw  



• The STRAW detector is fully commissioned and operational. 

• The system of the control, monitoring and data collection 
work fully ensure operation of the STRAW detector. 

• The Straw detector operating conditions satisfy the 
requirements of the experiment. 

• Physics run in 2016 

• Data taking will continue in 2017 and  2018. 




