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Radiation damage in dispersion-suppressor magnets
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Magnets

DFBA Q7 Q10 Q11CCQ8 Q9 Q10Q8 Q9DFBA Q7 Q11CC

Tunnel side / QRL

Sectors 1-2-4-5-6-8 Sectors 3-7

Q8 MQML+MCBC MQ+MQTL+MCBC

Q9 MQMC+MQM+MCBC MQ+2xMQTL+MCBC

Q10 MQML+MCBC MQ+MQTL+MCBC

Q11 MQ+MQTL+MSCB

Q8-Q10-Q11 are 6620 mm long, Q9 is 8020 mm long, all magnets @ 1.9 K



Davide Tommasini                                                                              LHC Collimation Review 2011    3

Plastic Materials

polyimide (bare and adhesive)
epoxy (Bisphenol A) - fiberglass (E-type) composites
other filled (glass or alumina) epoxy resins or polyetherimide (Ultem) 
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Effects of radiations on plastics: generalities
They depend on:
 the material
 the environment (for example presence/absence of oxygen)
 the radiation characteristics
 the absorbed energy (1 Gray = 1 J/kg)*
They can produce:
 increase of cross-linking, strengthening- embrittlement –breaking
 creation of free radicals by breakage of molecular bonds
 formation of gas producing delamination in composite materials

*please note that its estimate from fluence maps is very complicated and only approximate

CERN-82-05

CERN-98-01
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Effects of radiations on plastics: data

G-10 laminate b/a 100 MGy

source: workshop on advanced materials 
for high precision detectors, CERN, 1994
Tests done according to IEC 544 with 

source: H.Kumer et al, Cryogenics 40, 2000

polyimide-DGEBA-glass irradiated @ 5 K

~ 30 MGy

irradiation @ 4K in Garching. Source: J.B. Schutz et al., Cryogenics 35 (1995), p. 759.

~ 80 MGy
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-irradiation @ 5K
“low” =   24 MGy
“high”=100 MGy

no effects at “low”
some effects at “high” for 
Stycast, G10 and G11

1979
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Effects of radiations on plastics: heavy ions

all tests on polyimide foils, 50 m thick

not really much information, heavy ions may trigger specific processes at low doses 
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Effects of radiations on superconductors

Radiation may affect:
 the superconductor, with effect on Tc (disorder) and on Jc (pinning)
 the copper matrix, with effect on resistivity BUT no experience with irradiation at low T

A.R. Sweedler et al, , J. Nucl. Mater. 72 (1978) 50
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Conclusion

 the materials used in the DS magnets are very robust to radiation

 up to 10 MGy we do not expect problems, except if structural loads act as accelerators

 between 10 MGy and 100 MGy the magnet “may” survive

 above 100 MGy the structural plastic components will certainly fail

 heavy ions may be a concern already below 1MGy : this needs further studies 

bombardment by heavy ions may merit some further thoughts and experiments

estimate of “absorbed doses” in the plastic parts of  these magnets


