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pEnas PANDA Barrel DIRC radiator fabrication progress

Fabrication of DIRC bars at Nikon Corp, Japan progressing well

Received 90 of 98 ordered bars, ~5 months ahead of schedule
All bars meet fabrication specs, performing detailed QA in GSI DIRC lab

Procurement of 8-14 additional bars in preparation
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Pamnda  pailed Delivery

« Q32019 Call for tenders for Fused silica bars successful
« Sep 5, 2019 Placed order for 98 bars with option for up to
8 more bars (need 96) with Nikon Corp, Japan.
« Sep 2019 Production started
* March 20 Delivery started
March 20 5 bars
April 35 bars
July 20 20 bars
August 20 10 bars
September20 10 bars
October20 10 bars
90 of 98 Bars at GSI
8 bars to come in 2020
Order of additional bars in preparation
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Panda QA of the Nikon Bars for the DIRC

» Visible inspection
- Clean surfaces, no residue from cleaning nor
packing, sharp corners?

« Autocollimator
- Shape, parallelism, squareness

325 nm

- Laser setup 405 mm
- Internal reflection for: 220
- Bulk absorption
- Reflection coefficient
» Subsurface damage
External reflection
- Shape
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pPpanda

Visible Inspection with Ring Light

« Clean surface
« Sharp edges
* Clear view through the bar
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pPpanda

Preparation

Stand with labeled horseshoes
and end stop

Bar stays in horseshoe (holder)| |
for all tests until it is placed in
barbox

Unpacking about 30min per bar
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Autocollimator: Parallelism and Squareness

Faces show “perfect” parallelism

MOLLER-WEDEL OPTICAL GmbH o |

End1~"

Ends and sides show “fuzzy” image

» Striae and/or shape deviations

» No squareness determination
possible

GSI Helmholtzzentrum flr Schwerionenforschung GmbH
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E;éﬁ cd= Observed Steering of Laser Beam by the Bulk Material

When the laser beam passes straight though
the bar, the shape of the sides has no influence.

Any deviation of the laser spot position on the wall
from the initial position provides hints regarding

refractive index variations over the bulk.
(note that the bar ends were found to be flat)

The deviation can be in x- and/or y-direction

Motor moves bar through the laser beam

GSI Helmholtzzentrum flr Schwerionenforschung GmbH

o o
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Position of laser spot in 1.6m distance (mm)

I=5= 1L
| Transmission mode, Laser moved over thickness of 177mm |
-®- Nikoné S TS S
- bar #6 :
- .
._? l? Il' ’ll . l ............... . i I .......... e l . I .......... l. _II
2 4 6 8 10 12 14

Laser position on barend (mm)

Observed position shift during thickness (17mm) scan
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E"Eﬁ da

Effect after Internal Reflections
I=5= 1L

Primary photon propagation in a DIRC is along the length of the bar -
Check if the effect is larger or similar for photons bouncing many times

Shift of Laser spot in 4m distance [mm]

| R e e e » e . ,,,,,,,,, — . ..... ———— n=48
/// —— Nn=24

4— /

- —O— n=12
3; / =6 | © n:number of internal reflections
2f A -  The bar was scanned over its thickness

- > ~ T ___—= &— n= 4 from face2 to face 1

L A _— & — 5| ___ ._,|* Theshiftis shown relative to the spot
e ——B— o — - position of each first laser entrance

- T~ r —e— n=0
-1 B

- & :

i e T B Impact of effect is smaller
Entrance position of Laser beam [mm)] for larger phOton angles
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Panda Study of Side Shape Deviation
=P/

| Shift of laser spot while moving over thickness of 17 mm, SIDE REFLECTION | =
Motor moves bar through the laser beam Nikon #1
= ‘|- side1
E 6 bar #1 AAAAAAAAAAAAAA Measurement at ................. i
ST [— 15mm from bar end 2 5
8 4_ ..... . ............... e AR .............
8§ I ¢
2 T : :
o : :
2 ......... ........ R R S
6m E . +
c - : :
Laser pof | S SR A S A
a [, * ¢
yT 0 - 5 . * .
_X> § _2_ . ........
. 5
A flat surface would result in a constant beam s -4r o
spot position across the bar side. g P ol ,,,,,,,
H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1
, 2 4 6 8 10 12 1
A slope is caused by a convex or concave surface. Laser position on bar front side (mm)

The reflection measurements from all bars
(see following pages) show a slope consistent with different non-flat (convex/concave/sloped line) shapes
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pParnda

Study of Side Shape Deviation

B
idel 1197
155 13
zm 85 24
m
15 12
Side2
1197
15 0.0
z
o Y 07
155 16

CMM values Nikon
at 3mm from End2

Measuerment Coodinate

concave

() @
[ ) ®
side 1 side 2

| Shift of laser spot while moving over thickness of 17 mm, SIDE REFLECTION |

Position of laser spot in 6m distance (mm)

6

Nikon #1
‘|- side1

bar #1 AAAAAAAAAAAAAA Measurement at AAAAAAAAAAAAAAAAA o
15mm from bar end 2 ;

. . ,,,,,,

.

. _ ‘ S N

e ———

L L

e 2 o |

2 1 1 1 4 1 1 6 1 1 1 8 1 1 1 10 1 1 1 12 1 1 1 14 1

Laser position on bar front side (mm)

(positions calculated from CMM data, deviation
from reference scaled by factor 1000)
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Bar Shape Examples from CMM (Nikon)

E"Eﬁ da
“‘consistent” with Laser Measurements 5= 1L
.: bar #1 - : .. bar #5 : .. bar #9 .:
: .. bar #2 ... bar #6 .: bar #10 . .
. : bar #3 ‘ : .. bar #7 :. .: bar #11 :°

o . Deviations from ideal bar shape shown
for narrow sides, position 3mm from End 2

. bar #4 . . bar #8 .

(Nikon CMM data, deviation scaled by factor 1000.)

27.10.2020 12
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pParnda

Bar Shape Examples from CMM (Nikon)
Shape improved

E: P23598-1-02 S:

E: P23600-1-11 ;
§ P23600-1-17 E:
é.. P23600-1-18 E:

P23600-1-19

P23600-1-20

P23602-1-01

P23602-1-08

- |P23602-1-12| -
. | P23602-1-17 | -

Deviations from ideal bar shape shown
for narrow sides, position 3mm from End 2

(Nikon CMM data: 200717 _surface shape data,
deviation scaled by factor 1000.)
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E“Eﬁ da Simulations of Influence on DIRC Performance

Shape of the Sides =1
—  8r
T -
R, 7
§ oF :-*'?:}‘“? & P
@ ¥
, s °C h .f} L T4
sagitta sagitta ( 2 4: e o {, *_'_ _i 3
| o J_(&'“a ar Ty
d e f E -+ shape d
simulated bar shapes C3 - shape e
1 « shape f
OEI Ly | P T S N ) |
0 50 100 150 200
sagitta [mkm]

Maximal Sagitta around 10um (Nikon)

> minor influence
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pParnda Simulations of Influence on DIRC performance
Striae I= 5= 1L

=
o -
LD, 6
S -
ttS -
T 4
Q - ** Py @ i P
(0] - * : 3 44 o 2
(7)) 3 - o . [ . . - * ¥
- § ¥ 3
- e Vb
2_ : * 3 b3 .
~ * * b3 * o - i
1:_ —e— random 100 ppm —e— gradient 100 ppm ‘
- —e— random 1000 ppm + gradient 1000 ppm
oF +— random 10000 ppm —«— gradient 10000 ppm
_1:1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1
0 10 20 30 40 50
layers [#]

Maximal Variation of Refractive Index: = 7 ppm (Nikon)

> minor influence
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E"Eﬁ da

Conclusions on the observed shape and striae of the Nikon bars

Influence on performance (displacement of photon within one MCP PMT pixel)
is minor and no reason not to accept the bars

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH PANDA Collaboration Meeting, GSI Darmstadt October 26-30, 2020 27.10.2020 17



Parmnda |pternal Reflection Measurement: Surface Roughness

Producer is not able to 266 nm
325 nm

measure internal reflection 405 nm

442 nm Lasers T N
532 nm ‘

Measurement of the
wavelength dependent
reflection coefficient /,
gives access (via SST) to /2 p :
the surface roughness
and thus to possible R el e
subsurface damage by L Brewster mirror. L

the production method

Motor-controlled laser scanning system

SST: scalar scattering theory
GSI Helmholtzzentrum fir Schwerionenforschung GmbH ~ PANDA Collaboration Meeting, GSI Darmstadt October 26-30, 2020 27.10.2020 18



~_ . radiator
o

= p
~
~

Laser beam

~

Bulk absorptio\ﬁ\'"‘*---\_

Reflection Coeficient

GSI Helmholtzzentrum flr Schwerionenforschung GmbH

Envisaged Method
I= 5= 1

Scanning of a matrix of positions on the bar to cover the
highest portion of the material/surface

Prerequisite:

Laser spot hits always the
same region on the photosensor

PANDA Collaboration Meeting, GSI Darmstadt October 26-30, 2020 27.10.2020 19



Parnda Inhomogeneity of the UV-photodiodes:
HAMAMATSU 1227-1010-BQ series == I

Photodiode 10x10mm

00 GAMATIORINT0 Musts IR Bar NP v Dk eon B mis §6, (b e MgR

transHistoMatrix O AN BBIOTO M+ B i N e Lol gird s S0 e )

5 Entries 161
L Mean 08381 170 1.0
L RMS 008784
N Undertion 0 165 - q 1 .
4= Owerfow 0
r 160, .
1

155

gimrd

140,

135

130F

o © N N ® »® v ©

5 125
8.6 065 0.7 0.75 lrg'r?sm?s'gi?)nos 095 1 1.05 54 56 58 50 62 54 66 88

x [mm]

Measurement of Transmission with Nikon bar #5 extremely broad

Scan of the Si photodiode shows
much more Inhomogeneity than the specified 2%
(for the inner 80% of the diode)

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH  PANDA Collaboration Meeting, GSI Darmstadt October 26-30, 2020 27.10.2020 20



E“Eﬁ da

Example:

Internal Reflection from the sides at 635nm

Dependence on the Position on Si-Photodiode

.Georgdata 28082020 Matix_IR_bar-Nikorn8_835nm_2difuser-sides: iransmission (cbiserved range)

I]II|IIII|IIII|IIII|IIII|IIII|III]|I

o

transHistoMatrix
Entries 80
Mean 1
RMS 0.01277
Underflow 0
Overflow 0

086 0.88 0.9

Loov Lo Lo b b Lo I BT 11

1
094 096 0.98 1 1.02 1.
transmission

./Georgdata/’28082020_Matrix_IR_bar-Nikoné_635nm_2diffuser-sides: transmisslon {matrix)

148
B
147 102
146 —1
145 —0.98
ﬁo.gs
144
—0.94
143 _lo.92
142 0.9
141 0.88
0.86
o Lvv v Lo b B bevn v B Loy i 1
45 50 55 60 65 70 75 80

x [mm)
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Panda Inhomogeneity of the UV-photodiodes o
=1

/Georgdata21072020_Matrix_IR_bar-Nikon6_325am_grid: transmission (observed range) ./Georgdata’21072020_Matrix_IR_bar-Nikon6_325nm_grid: Iransmission (matrix)
transHistoMatrix
Example: 3 R
. |8;— ::s.m o.omi
Bulk absorption at 325nm |« .
Laser spot was put to the e
“Best region of the Photodiode” | -
o
- - B;l = lO}? = IO.IB. = .09 = % = IIH = l|,2 62 64
Still no reproducible results: Mriocs wiom
/Georgdata21072020-2_Matrix_IR_bar-Nikon_32Sam_grid: ransmission (cbserved range) v ./Georpdata21072020-2_Matrix_IR_bar-NikonS_32Sem_grid: iransmission (matrix)
Between both measurements 5 T
Laser spot was moved by e R
1mm in x- and y- direction s
. 15—
on the UV-photodiode .
85 07 08 09 1 T3 T2
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Panda Dependence on the Position on Si-Photodiode

Need to become independent of the laser spot position on the photosensor

» New photosensors and/or diffuser

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH PANDA Collaboration Meeting, GSI Darmstadt October 26-30, 2020 27.10.2020 23



pPparnda New UV-photodiodes ordered:
HAMAMATSU 1227-1010-BQ series === I

Homogeneity:
Scan with laser (405nm) in 0.5mm steps
./Georgdata/21092020_Matrlx_bar_405nm uv2: ission {matrlx)
218_ 1.12
_ 1.11
216_—
214:— 1.09
Ef 1.08
Z2—
N 1.07
210:— 1.06
208:_ [ . 105
S [' ]'264 e e
New Diode 2 Not a better performance than the “old” sensors
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pPparnda New UV-photodiodes ordered:
HAMAMATSU 1227-1010-BQ series === I

Homogeneity:
Scan with Laser (405nm) in 0.5mm steps

./Georgdata19082020_Matrlx_bar_405nm-newdiodescan: iransmisslon (matrix) ./Georgdata/210982020_Matrlx_bar_405n v3: ission (matrlx)
C 11 1.1
218— 1.00 218— 1.09
L 1. L
216 — 08 218— 108
- - 1.07
214 — 214 — 1.06
Er EE 1.05
=212— =2121— ‘
- C 1.04
210 — 210 _— 1.03
C C 1.02
208 — 208 }—
C C 1.01
Cooov v by v by b by Ly B | | | | |
206 1 98 200 202 204 206 208 206 1 1 1é_8 1 1 1 200 1 1 1 202 1 1 1 204 1 1 1 206 1 1 1 208 1 1 1
x [mm] x [mm]

New Diode 1 New Diode 3
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pPanda Diffuser in the Laser Setup

New Diffuser Thorlabs
Diffuser Transmission vs. Output Angle Transmission of UV Fused Silica
1.0 100
—DGUV10-120
- ——DGUV10-220 ||
0.8 4 w—DGUV10-600 | 90 4
g ——DGUV10-1500 | 5 o8
3 o
o 06 2 80+
3 E
[
] [} i
Lj 0.4 g 70
N B
g 0.2 = 60-
) R
0.0 T T T T T 50 T T T T T T T T T
-30 -20 -10 0 10 20 30 200 300 400 500 600 700 800 900 100011001200
Angle (Degrees) Wavelength (nm)
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E“Eﬁ da

Diffuser

Si photodiode
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E“-EI_I da

Measurement with Diffuser

e e Lo Lo Lo Lo a Ly

195 196 197 198 199 200 201 202 203
X [mm]

Scan of the UV-photodiode
behind the diffuser

Now reproducible results:
Between both measurements
Laser spot was moved by
1Imm in x- and y- direction
on the UV-photodiode

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

/Georgdata/12082020_Matrix_IR_bar-Nikon_325nm_difusor: transmission (observed range)

transHistoMatrix

16 Entries 132
Mean 0.9456

RMS 0.005978

14 Underflow 0
Overilow 0

086 088 09 092 094 09 098 1 102 104
transmission

./Georgdata/12082020_Matrix_IR_bar-Nkon6_325nm_diffusor. transmission (matrix)

62
x [mm]

/Georgdata'13082020_Matri_IR_bar-Nikoné_325nm_difusor: transmisslon (observed range)

transHistoMatrix

Entries 132
Mean 0.9458
RMS 0.007062
Underflow 0
Overflow 0

IlIllllllllllllllllllllllll

0.86 088 0.9 092 094 09 098 1 1.02 104
transmission

./Georgdata’13082020_Matrlx_IR_bar-Nikon6_325nm_diffusor: transmission (matrix)

62 64
x [mm]
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pPanda Wavelength dependent Reflection Coefficient

E = g (’L. e >3 )
= — - T : N
€ = I 1 HERED, :J[
m ma - —a -
S0.9995 — ey T
c = ‘._,;. ----- i
o ey S BRI 8 O el P e
15} - au® ]
D 0.999 — eRiE et rb iy I8
o« — ((\\(\

0.0985 :— 3 el

0.998 |— : Example N.i.ko.n..b.ar H#6 |

Fi . _ (with diffusor)
A 14‘. A A A A l A A A A l A A A A l A A A A l ' A A
200 300 400 500 600
Wavelength (nm)

. _ Results compared to Scalar Scattering Theory
Promising results for Nikon bar #6

- Distribution in compliance with a surface roughness of 5A as measured by Nikon
* No sub-surface damage visible

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH  PANDA Collaboration Meeting, GSI Darmstadt October 26-30, 2020 27.10.2020 29



Eﬁéarﬂcjaa

Conclusion E 5 ][

Nikon delivered the bars about the bars 5 month ahead schedule! (90 of 98 bars already at GSI)
All bars fulfil our specifications (very good documentation)
Shape and material deviations identified (very good (online-) communication)

» Measurements and simulations show no relevant influence on performance of the DIRC

» No reason not to accept the bars
Measurement of reflection coefficient/sub-surface damage delayed by the unprecedented
behavior of the bars from Nikon

 New method to be found and to be established

» Independence on the displacement of the laser spot by means of diffusers

» Preliminary results are promising

Outlook

Method for determination of subsurface damage still to be improved
Last 8 bars of the first order to come
Additional bars (8+6) are/will be ordered to be delivered in 2020

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH PANDA Collaboration Meeting, GSI Darmstadt October 26-30, 2020 27.10.2020 30



-
- .

0
.
..
..
‘
.
.
‘.
.
.
.o
.
¢
.

- & & 8 B ® =
-~
b o P vhinn

Thank You
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Panda Material Tests: Pollution Setup

Had to move from Laser lab to the mechanical workshop

Four “identical”’ bar to be studied after determination
of their surface roughness

“Reference bar” (no pollution) will go into the
Setup in November

Pollutants are
« (Carbon fiber material for the bar boxes
 Material for the horseshoes
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Panda Laser scanning system

Beam steering made our usual laser scanning measurements more complicated but not impossible.

Intensity — Transmission #1
108
103

Determined transmission probability (along long bar axis) and

1o

coefficient of total internal reflection (48 reflections)

1
0%

y [me]

Transmission scan examples:
T=99.6%/120cm at 442nm (bar 1)

T = 98.2%/120cm at 325nm (bar 3) e |
Intensity — 48 reflections #2 ‘

os?
0%
0ss
o0 08

Reflection coefficient examples:
R =0.9998 at 442nm (bar 2)
R = 0.9984 at 325nm (bar 3)

L

Good T/R results so far, meet DIRC requirements )

ap
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