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- Tracking performance

Tests of prototypes

- Measurement of Lorentz angles up to 4.2 T field

- Results from cosmic rays

Conclusion and planning of the project
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Continuous electron beam

Energy from 0.8 to 6 GeV
Duty factor 100%

Beam polar ~85%
Delivers 3 halls simultaneously

CD-3 passed last year
Construction just started

Beginning of operation: 2015
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=2 The 12 GeV project & CLAS12 @
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Region 3

l Region 2 i

T 1 region 1 ‘ \

- - \ 3 | | Detector N

Original design for
Central Tracker:

- Barrel: 4x2 polygons of
Silicons (strips at £3°)

- Forward: 3x2 disks of
Silicons (strips at £ 12°)

Solenoid

HTCC
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G0 Micromegas for CLAS12 @
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4m? and ~30k channels in total

Xo=0.24% / layer

... but highly unfavourable conditions: Decrease the drift distance

- Barrel: large Lorentz angle (5 T transverse field) =< Increase the electric field
Use slow gas

- Forward: almost no transverse diffusion (B // E) = Use gas with high diffusion

lﬂ!.n
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— Studies made with Ne (large v), Xe (heavy & expensive), Ar mixtures = Ar

Central - Ar- V | = 1700V - Vinesh = 450V - pitch = 600um - o = O - gaps = (2nn I00 ) - = @ 1 GeV & 99°

Chose Ar+10%C,H,,

+ Similar studies for the
Forward part — Ne, CF,
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— Studies of the resolution with the drift high voltage

Argon gas - Vimesh = 430V - pirch = 600 m - gaps = (2.0mm; 1000m) - 1@ 1 GeV' & 90°

Ar+10%C H,,
Ar+10%CO,
Ar+10%C.H,,
Ar+10%C,Hs

1500 2000 2500 3000 1500 2000 2500 3000 H Vd = 1 7 O O V fo r S afe ty

HV 4 V] HV e [V

Again, separate simulations
for the Forward
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Geant4 simulations @
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Ge0 Geant4 simulations =5
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Si Layer 1 | Layer2 | Layer 3 | Layer 4 MM Layer 1 | Layer 2 | Layer 3 | Layer 4 | Layer 5 | Layer 6
e-/e+ 3.9 3.7 4.3 4.3 e-/e+ 1.27 2.73 1.14 2.92 1.70 3.68
photon | 30.5 22.0 25.7 20.0 photon | 0.08 0.03 0.07 0.06 0.09 0.08
hadron | 1.6 1.3 1.7 1.5 hadron | 0.96 0.95 1.13 111 0.91 0.84
total 36.2 27.0 31.9 26.0 fotal 2.40 3.80 2.40 4.15 2.77 4.66

Strip rates in MHz in the Forward (Si in parenthesis)

Layer 1

Layer 2

Layer 3

Layer 4

Layer 5

Layer 6

e-/et+

7.6 (1.5)

4.7 (6.4)

4.7 (6.6)

4.0 (7.3)

4.0 (7.2)

3.6 (7.5)

photon

2.0 (13.9)

0.2 (11.3)

0.2 (9.5)

0.1 (8.3)

0.1(7.1)

0.1(5.7)

hadron

2.2 (1.6)

2.1(1.5)

2.0 (1.4)

2.0 (1.4)

1.9 (1.4)

1.8 (1.3)

total

12.0 (23.1)

7.2(19.3)

7.0 (17.7)

6.2 (17.1)

6.1(15.8)

5.5 (14.6)

— Significantly smaller rates in MM than in Si, essentially due to photon rate
—> A fortiori no problem for tracking (already proven for Silicon design)
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— Small effect of
detector ineff.

Efficiency [%]

3 4 5 6 7 8 9 10
MM inefficiency [%]

Polar angle Polar angle resolutio
resolution with Si with Si+tMM

1.2 14 1.6 18

[ [GeVic]

—> Much better 0 resolution, without any degradation on other variables
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e Measurement principle @
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UV Laser

Filter

Drift electrode Focusing lens ~800V
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e Prototype characteristics @
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 Drift : Al-mylar

e Drift gap : 3.85mm
o 4*72 strips
e Pitch : 0.4mm

e Data acquisition : T2K
electronics (FEC+FEM) +
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10% drift:3.85mm, B=1.4T, 09/10, hallB
10% drift:3.85mm, B=2.8T, 08/10, hallB
10% drift:3.85mm, B=4.2T, 09/10, hallB
Magboltz, 10%, hallB, B=1.4T
Magboltz, 10%, hallB, B=2.8T

Lorentz Angle [deg]

Magboltz, 10%, hallB, B=4.2T
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(Drift - Mesh HV)/drift gap [V]/[mm]
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= Good agreement with the simulation ( and 1st measurement at such high B fields)
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2 Experimental setup (Saclay) @

saclay
I I / | Scintillator paddle
/ with PMT
80cm flex cables
= AFTER
| [ — electronics
]
]
Trigger
Unit
out /
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G0 Saclay cosmic ray bench @
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Flex cables

Reference detector
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Very similar multiplicity ( a little
larger because of track angles)
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# thick flat detector

Similar plateau with curved = thin curved detecter
detector, though a little shorter '
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Thin-curved detector

= Flat vs curved Micromegas -2

Thick-flat detector
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(Probably some misalignments wrt reference detectors... will do
better soon with X-Y detectors)

— Almost no performance differences between flat and curved detectors
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= Transparency is only around 40%, but only a few % effect on the efficiency
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11 Forward D, Detector Prod.
- 1 detector
JLab Review stiffness for flat Detailed INTEGRATION
I and thin protos, XY drawings Tests
CSTS resist,segmentat

ion
Tests in beam PDR | (FDR} | Commissionning

Drawings and
calculations —

(interfacing definition..)

ASIC DeSign F e e E— _> ASIC Prod

Slow Control

A\ 4
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» Report on the “Review of Micromegas Tracking Detectors for
CLAS12” held May 7, 2009 @ JLab

.. We find that the simulated performance for resolution, solid angle coverage and

efficiency will meet or exceed CLAS12 requirements

We see no major obstacles to construction of a successful central tracking system
based on the presented conceptual design.

AN

Thin bulk MM for CLAS12 MPGDO09, Kolympari, 14/06/2009 S. Procureur



Backup




HV,=720V E
HV_=450V

Thin bulk MM for CLASI2 MPGDO09, Kolympari, 14/06/2009 S. Procureur



HV,=2000V 38
HV_=450V

. . oy i o Ladaan =y y i g i YN oo .

Thin bulk MM for CLASI2 MPGDO09, Kolympari, 14/06/2009 S. Procureur



HV, = 2000 V N
HV, =450V B
B=5T *
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Argon mixlores
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Pedestal projection
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Noise induced by the detector
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