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Introduction 1 Introduction 1 –– CLAS12 (and RD51)CLAS12 (and RD51)



CLAS12
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→ CLAS = CEBAF Large Angle → CLAS = CEBAF Large Angle SpectrometerSpectrometer
(running (running experimentexperiment, Hall B) @ , Hall B) @ JLabJLab

→ Will → Will bebe upgradedupgraded for the for the energyenergy increaseincrease of the of the acceleratoraccelerator (12 (12 GeVGeV) ~ 2014) ~ 2014

A B C

→ 4 m² of MM→ 4 m² of MM

→ 5 T transverse → 5 T transverse fieldfield

→ 1st → 1st cylindricalcylindrical MMMM



Increase of magnetic field causeIncrease of magnetic field cause
larger spread of charge at the anode larger spread of charge at the anode 
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Cylindrical GEM for KLOE2 Inner Tracker:Cylindrical GEM for KLOE2 Inner Tracker:

A. A. BallaBalla et al., 2009 IEEE NSS/MIC Conference Record.et al., 2009 IEEE NSS/MIC Conference Record.

Thin Curved Micromegas for CLAS12Thin Curved Micromegas for CLAS12

Red Red –– thickthick
MicromegasMicromegas
Blue Blue –– thin curvedthin curved
MicromegasMicromegas

D. D. NygretNygret, RD51 , RD51 CollabCollab. Meet., Nov.23. Meet., Nov.23--25, 2009, WG7 Meeting25, 2009, WG7 Meeting
S. S. AuneAune, Proc. of the MPGD Conf., Crete, June 2009, Proc. of the MPGD Conf., Crete, June 2009

RD51 testRD51 test--beam beam 
results:results:

44

Not an RD51 work

Not an RD51 work

Unknown on CLAS12!

No proceeding at this conf!



Sparks in Micromegas
-- a a sparkspark//dischargedischarge isis a a rapidrapid breakdown breakdown appearingappearing in the amplification gap , in the amplification gap , 
visible in visible in variousvarious experimentalexperimental conditions (alpha source, hadron conditions (alpha source, hadron beamsbeams, , etcetc…)…)

-- pioneeringpioneering workwork: : -- D. D. ThersThers et alet al., NIM A469 (2001), 133., NIM A469 (2001), 133
-- A. A. BayBay et al.et al., NIM A 488 (2002), 162, NIM A 488 (2002), 162

→ → SparkSpark rate rate isis a power a power lawlaw of the gainof the gain

→ → StrongStrong dependencedependence withwith Z (Z (gasgas))

« A likely explanation is that a discharge is triggered 
when an energy of a few hundred keV is released in 
the detector conversion gap resulting in a large 
number of primary ions »

(+ (+ additionaladditional studiesstudies withwith αα sources…)sources…)
This This behaviourbehaviour waswas confirmedconfirmed by by severalseveral experimentsexperiments
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Some experimental discrepancy
Author Thers (PhD, 2001) Bay (2002)

Drift gap 3 mm 3 mm

Amplification gap 0.1 mm 0.1 mm

Vdrift 700 V 600 V

Gas Ar+iso (89-11) Ar+iso (91-9)

??
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Geant4 simulation of a MM
Simulation of the detector Simulation of the detector testedtested by by ThersThers et al. in hadron et al. in hadron beamsbeams

400 µm Epoxy400 µm Epoxy

2.45 mm conversion gap2.45 mm conversion gap
(Ar+11%iC(Ar+11%iC44HH1010))

7 µm Copper 7 µm Copper stripsstrips

100 µm 100 µm amplifamplif. gap. gap
4 µm Nickel 4 µm Nickel gridgrid

4 µm Nickel 4 µm Nickel gridgrid

15 15 GeVGeV ππ

→ → PhysicsPhysics listlist: QGSC_BERT: QGSC_BERT
→ → IntegrationIntegration of Edep in 300x300 µm²of Edep in 300x300 µm²
→ Production → Production thresholdthreshold: 300 µm: 300 µm

Requires large simulation 
(rare processes, ~10-6 )
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Secondary particles production
ManyMany differentdifferent types of types of secondarysecondary particlesparticles cancan bebe producedproduced::

→ → smallsmall probabilityprobability to to produceproduce HIPsHIPs

P [MeV]
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Origin of the HIPs
OriginOrigin of of particlesparticles leavingleaving atat least 0.2 MeV in 300x300 µm² :least 0.2 MeV in 300x300 µm² :

→ 42% → 42% fromfrom the drift the drift electrodeelectrode
→ 22% → 22% fromfrom the the gasgas
→ 10% → 10% fromfrom the microthe micro--meshmesh
→ 23% → 23% fromfrom the the stripsstrips

driftdrift stripsstripsmeshmesh
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Deposited energy distribution

→ → EnergyEnergy aboveabove 1 MeV 1 MeV cancan
bebe depositeddeposited! (~2000 times ! (~2000 times 
more more thanthan a MIP)a MIP)

WeWe willwill assume assume thatthat ::
→ the → the numbernumber of of primaryprimary electronselectrons isis proportionalproportional to Eto Edepdep ((NNpp==EEdepdep//wwii))
→ if a → if a depositeddeposited energyenergy of 1 MeV of 1 MeV producesproduces a a sparkspark atat a gain a gain equalsequals to to unityunity

((normalizationnormalization), ), thenthen a 500 a 500 keVkeV depositdeposit willwill produceproduce a a sparkspark withwith a gain of 2a gain of 2
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Spark rate estimate

→ Power → Power lawlaw dependencedependence isis clearlyclearly
observedobserved, as in the data, as in the data

How to relate the «How to relate the « normalizednormalized » gain (» gain (fromfrom simulation) to the real one?simulation) to the real one?
1) 1) MakeMake use of the use of the Raether’sRaether’s limitlimit ((sparkspark if Nif NppxG ~ 2x10xG ~ 2x1077))
2) Relate the 2) Relate the sparkspark rate rate withwith a a αα source and source and depositeddeposited energyenergy
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Comparison with data

1)1) Correct Correct orderorder of magnitudeof magnitude
2)2) SimilarSimilar slopeslope
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Effect of the gas mixture

SimulatedSimulated sparkspark rate rate alsoalso growsgrows withwith weightweight of the of the gasgas
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Some systematics

→ → DependenceDependence onlyonly on the on the integrationintegration size (size (shouldshould bebe close to transverse close to transverse 
diffusion size)diffusion size)

Production Production thresholdthreshold IntegrationIntegration sizesize
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Spark rate predictions

→ → ExpectExpect similarsimilar sparkspark rate for the 2 types of detectorsrate for the 2 types of detectors

1) 1) BulkBulk ((wovenwoven, , thickthick meshmesh) vs non ) vs non bulkbulk ((electroformedelectroformed, , thinthin gridgrid):):
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Spark rate predictions

→ → SparkSpark rate ~2 times rate ~2 times largerlarger withwith the Inox driftthe Inox drift

2) 2) AluminizedAluminized mylarmylar vs vs wovenwoven Inox drift Inox drift electrodeelectrode::
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CERN RD51 tests (150 GeV, 10/2009)

→ → BulkBulk~non ~non bulkbulk; Inox drift>~ ; Inox drift>~ mylarmylar drift (but large dispersion)drift (but large dispersion)
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Towards a SR estimate for CLAS12

→ Looks → Looks suspiciouslysuspiciously stable stable 
down to 300 MeVdown to 300 MeV

It would be really useful to experimentally investigate the 
SR at energies below 2 GeV (CERN PS beam request in 

2010)
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Conclusion
→ Better understanding of sparks? (HIPs production)

→ Still doubts on the reliability of the simulation at CLAS12 energies

→ May be just a coincidence, but the simulation predicts:
1) the correct amplitude of the spark rate
2) the correct slope as a function of the gain
3) a smaller rate for lighter gas

⇒ Can use it to optimize the detector design 
(material, mesh segmentation)

⇒⇒⇒⇒ Tests at PS soon

→ Work recently submitted to NIM A
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Backup



Physics lists - 1
→ Many physics lists available in Geant4:
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- QGSP (>12 GeV)
- QGSC (>12 GeV)
- Bertini (< 9 GeV)
- Binary (<5 GeV)
- LEP (<12-25 GeV)
- FTF (>4 GeV)
- Combinations of some, e.g. QGSP_BERT, to cover larger ranges
- …

→ Can give very different results!



Physics lists - 2
→ Existing data
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→ QGSC best in the range 7-12 GeV,
and predicts correct momentum 
distribution of secondaries
(but time consuming!)


