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CLAS12-RICH Project Mid-term Review

The CLAST2 large area RICH detector
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of the nucieon and guark hadrontzation processes [2]
Important abservables that will be extensively (nvestigated are
Transverse Momentum Distribution functons (TMDs) describiog
atonic spin-orbit effects and Generalized Parton Distribution
actions (GRDs) containing information about the spatial dis-
ution of quarks and the relation (by a sum rule) to the elusive
i arbital momenta. Several experiments have been already
ved by the JLab 12 PAC to scudy Kaon versus pion production
“exclusive and semi-inclusive scattering, providing access to
or decomposition of the two sets of non-perturbative
‘on functions.

u ain features of CLAS12 include a high operational
the of 10" cmt “5 ', an order of magnitude higher than
nuck wetup, and operation of highly polarized beam and

showr IS The conceptual design of the CLAS12 detector is
solenoi 1. The central detector with the high-field (5T)
forward 't s used for particle tracking at large angles. The
polar angi witer decects charged and neutral particles in the
and retains Yetween 5 and 40, [t employs a 2 T torus magnet
ector symmetry of CLAS. In the base equipment
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Hon and event reCOoNStruclinn Can De Achie Voo 1 TIEs Sos e
vange by replacing the existing low-threshold Cherenkoy conns
(LTCC) with a RICH detector without any impact on the basel
design of CLAST2

2. The CLAS12 RICH

To fit into the CLAS1I2 geometry, the RICH should N
projective geometry with six sectors that cover the spac ce
the torus cryostats and covering scattering angles from '  m
Fig. 3. Being downstream to the torus magnet at me face.
from the interaction point, the RICH has to cover a ~ained
each sector spanning an area of the order of 4 m* Bei ase. the
beiween detectors which are already in the constev roximity
sap depth cannot exceed 1 m. The proposed solut
focusing RICH.

A setup similar to the one adopted in Hall
(CsFy2 or CgFya) radiator and a Csl-deposited
tonal chamber as a UV-photon detector, «
required pion rejection factor at momenta

The preliminary results on ongoing Mo
on a GEANT3 toolkit with stplified geon
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Minimize active area (cost) to about 1 m?
Material budget concentrated where TOF is less effective

Focalizing mirrors allow thick radiator for good light yield

Time resolution < 1 ns to distinguish direct and reflected patterns




Aerogel Production

First 3 cm thick layer (44 tiles) under production since November 2014

Initial goal: 25 % production efficienty

Initial performance (up to 8/15):

~ 2 months delay
for initial lack of chemicals 337649 a[

A
~ 3 months |

to finalize acceptance test procedure .

200 200 |
7 batches in ~4 months ; 1 |
- 105 tiles synthesized
- 50 tiles without cracks 3+3cm
- 18 tiles within specifications

2913

2219 2cm

v

Production rate capability instead of wires
2 batches/month 805 (work ongoing)
Production efficiency Nylon Constraining wires

1414 Plexiglass Tape

2.5 tiles/batch -> 17 % (conservative) . A 10

55,24°
21 months up to completion
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Aerogel Specifications

OPTICAL:

Density 0.223<p<0.245 gr/cm?3

Refractive index  (n?=1+0.438p)  1.0477 <n<1.0523

Scattering length L. >43 mm
Absorption coefficient A>0.95
MECHANICAL:

Side to side length variation Al 4. <0.25 mm

from diamond wire to diamond wheel for better precision

Tile to tile thickness variation AH. < 1.5 mm

disregard molds with bad performance

Surface planarity AS,, < 1.5 mm

sur
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erogel specincations
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CLAS12 RHIC: Resolution

Resolution Direct Reflected
(mrad) (mrad)

Emission Point 1.7 1.7 h

Readout Accuracy 2.1 1.0 ~ | Validated with large scale prototype
Chromatic Aberration 3.0 2.5 A

Aerogel Optical Prop. <1 <2 | studied in laboratory

Mirror System <1

Oy (1 p.e.) 4.2 39 -

Max. momentum 8 GeV/c 6 GeV/c . i 2
Oy (40 separation) 1.4 mrad 2.5 mrad GﬂCh N Z(O—ﬂCh)
Np.e. Yield >10 >3 - Np.e.
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Aerogel Chromatic Dispersion

Measured by prisma method:

Chromatic dispersion

o 1.051
| —— Fitof data @ n(450nm)=1.04961
1.0505 - —— Model (R. De Leo, NIM A 457, 2001) ® n(500nm)=1.04898
i ® n(550nm)=1.04883
1.05 — ® n(600nm)=1.04862
i ® n(650nm)=1.04874
1.0495 |-
1.049
1.0485 |-
1.048 i 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1

400 450 500 550 600 650
Wavelangth (nm)

Measured by prototype with optical filters:

g

%2/ ndf 3.556/5
Prob 0.6149
P, 0.09683 + 0.000472

P, 84.13 £ 5.911
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600 650 700 750
A (nm)

Expected value from density:
n(400nm) = [1+0.438p]"/2 = 1.0492




Aerogel Characteristics in the Air

Transmission vs Time Absorption and Clarity @ 400 nm
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Monitoring the time dependence of the transmission of aerogel tile
in environment of non-zero relative humidity (~ 40 %)
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Aerogel Storage

Within sealed envelops

Inside a dry-cabinet (few % RH)
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pectro-totometer

easurements

Acceptance tests during vendor visit in Ferrara (April 2015)

I O S e

397m10

398m3

397m0

NOV LNF2 t1

Date Meas.

Lsc (mm)

Abs (%)

Date Meas.

Lsc (mm)

Abs (%)

Date Meas.

Lsc (mm)

Abs (%)

Date Meas.

Lsc (mm)

Abs (%)

28 Dec 2014

49.2+1.5
97.7+0.9

20 Jan 2015

40.93+0.51
98.35+0.7

28 Dec 2014
48.20+0.63
92.98+0.5

22 Apr 2015

after trip to Novo

50.35+0.36
96.08 £ 0.05

28 Dec 2014 16 Apr 2015
after delivery

48.46 + 0.50 45.59 £ 0.38

98.06 £ 0.61 95.60 + 0.98
14 Apr 2015
after delivery
37.35+0.47
96.37 £1.41

28 Dec 2014

48.01+0.42

93.05 £ 0.37

22 Apr 2015 16 Apr 2015

after trip to Novo pre-baking

49.79+0.18 44.64 £ 0.63

96.26 £ 0.06 96.59 £ 0.42

17 Apr 15
after -1day drying

45.99 +0.39
95.60+1.06

28 Apr 15
after 10-day drying

37.59 £ 0.47
96.50 +1.36

17 Apr 15
after baking

49.62 +0.46
96.59 + 0.47

Result: Russian vendor agrees to bake twice: after production and before delivering
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Aerogel Surface Quality

0 20 40 60 80 100 120 140 160

[mm]
Refrachon from a sur.fac.e Contribution on light dispersion
with local normal deviation 6 at small incident angles
(1. 1
B =19, +arcsin ;sm(a — ﬁae,) Oy, = 1-—|-0, =005-0,
ight n aer aer
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Aerogel

Screen

Laser

/x-y axis movable table

CCD camera [ThorLabs DCU 224c]
- sensitive area [5.95-4.76 mm]
- resolution [1280-1024 pixels]

\ - pixel size 4.65 um

/

Scan of aerogel surface

nist32_72_168
1000 Entries 2425
i Mean x 499.1
Meany 804.9
RMSx 6.115
------------- 800 & RMSY 9.945 0
e o 150
/:
....... M 400' \ 100
200- 0
G. L P | P | P
0 400 600 800 1000 1200
Distributions of X & Y positions of the spot
| X-position of the spot | | Y-position of the spot |
r Entries 2064 F Entries 2064
100 | Mean 1815 aof “ Mean 1.758
L RMS 0.8249 80% RMS 0.7034
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| : sci ,
of | { l of |
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Aerogel Surface Planarity

. . X-gradient
From laser spot shits to surface gradients 9 ,

(w - wmean)cl L =
V.= cos(6 : ®
v 2L (9) : =
(y - ymea'n)cl
Vy =
2L
L = R/cos(0)
From surface gradients to surface map by linear regression
Surface map 10°
'EZOG
'§‘180 - 31.5
Y-gradient
160
140 ,_E.
o

120
30.5

10

o

29.5

8 &8 8 &

29

o

0 20 40 60 80 100 120 140 160 180 200
[mm]

Validated with touch machine measurements
Consistent with Russian vendor planarity evaluation
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Screen

Mirror

Aerogel

Laser

Screen

Aerogel

Laser

do,
Entries 2112
160~
Mean -0.8023
140_— RMS  0.8749
120
100
80
sof- o ~ 0.9 mrad
40
205—
e B 2 r 6
[mrad]
do, ., Reflected from surface
Entries 2250
[ Mean -0.1697
100
i RMS  16.83
80:—
50:—
40:—
: 2 o ~ 16 mrad
20-—
fto' ! .—4Ir0rI * .—20‘ = 0 = ‘201 * ‘4I0. I I60
[mrad]
Acceptable light dispersion
up to AS, ¢ = 2.5 mm planarity




Surface map 10°
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Surface map 40°
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Surface map 20° Surface map 30°
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Light dispersion as a function of incident angle:
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Forward Scattering

Description of the setup

30
R o Scattering of the light in the medium due to
< — Laser Beam the anysotropy of the dielectric properties
I — caused by density microscopic fluctuations

CCD Camera

Examples of X & Y profiles of the spot

18000 histx_0_80 18000 histy_0_80

sooe]- - (\ — Analysis steps:

vaccol- s 01204 | 14000]- AvS 01387

12000]- raooof- - Reference beam profile taken without
oo} iooof- aerogel

sonof- s - Extract laser beam profile and compare
sonol- s with reference measurement

after passage through the aerogel

acoo]- woo]- - Extract angular dependence of light intensity
1 1 1 j I\l | Lol

o &
N T
5
[

-

5
S
-

-

5

5

>

T

) 1 2 3 P) 5 © 05 1 15 2 25 3 35 4 45

[mm] [mm]
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Forward Scattering

Angular dependence of the measured intensity:

|_§ de de Ttref_ de Ttref_
" Forward Scattering
el
G 7N
—— Ref. Measurement 1§F'
—— Meas. within the aerogel 1(T'|;—
T R S— G C
[mrad] 0tE \
Differential of the measured intensity: f EXS
_ 0 R R 5 5
% %2103 g Ref. Measurement [mfad]
102;5 —— Meas. within the aerogel 5
f 0)do ° T(6)dd
wof 26 9) — 0.6% f1-65 (6) — 2.7%
Jo T(0)do J3 T(6)do
10‘:g
10° - Negligible scattering
wsE T DT b at angles relevant for Cherenkov resolution
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Aerogel production is ongoing

v Good average optical quality

v/ Suboptimal 17% production efficiency

Dedicated measurements indicates the planarity requirement is too stringent
It will be released to achieve the expected 25 % production efficiency

v Tools for measurements and monitoring of the aerogel characteristics
are operational and have stable performance.

v Mismatch between the measurements done in Novosibirsk and in Ferrara
was observed, indicating the necessity to bake the aerogel before delivery.

Corresponding agreement was obtained with the producer.

v Storing (in dry cabinets) and handling procedures has been defined




