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e R&D on construction techniques
e Construction and tests of new cells
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Applications of T1015 R&D

Main focus is heavy glasses in several flavours
(>5.5 g/cm?, Bi based, scintillating, light capture
techniques, SIPM readout, etc.)

HE Frontier: hadronic calorimetry with o/E <
Well established

30%sqrt(E)
Required to disentangle W from Z jets T1015R&D
since 2010

Dual readout calorimetry is one solution

HI Frontier: precision EM calorimetry
Needs sensitivity in the few meV — 100 MeV New R&D
range Mostly driven from ORKA
< 5 nsec detector response Part of ORKA R&D after CDO

Will benefit from dual readout technology
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Performance Requirements at Future Colliders

Jet energy resolution
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The Major Source of Fluctuations in Hadronic
ShowerS: fem ILCroot simulations

EM and non-EM -
Responses 220
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Different detector response to EM and non-EM is parameterized via n=(e/h)
n depends heavily on the detector and on signal production mechanism

EX.. Nscifi ~ 1.2 Ncerenkov ~ 3-9
e If your calorimeter has only one readout, you cannot disentangle e and h
Dual readout: two calorimeters with different n’s sharing the absorber

Must be sensitive in different ways to EM and HAD shower
components (ex.: scintillation and Cerenkov signals)
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electrons

ILCroot simulations
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Anna Mazzacane ILCroot simulations

" Particle ID with ADRIANO
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ual-Readout Integrally
ctive Non-segmented Option

 Fully modular structure
* 2-D with longitudinal shower CoG via light
division techniques
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Cells dimensions : 4x4x180 cm3

Absorber and Cerenkov radiator : lead
glass or bismuth glass (p > 5.5 gr/cm?3)

Cerenkov light collection:  10/20 WLS
fiber/cell

Scintillation region : scintillating fibers,
dia. 1mm, pitch 4mm (total 100/cell)
optically separated from absorber

Particle ID : 4 WLS fiber/cell (black
painted except for foremost 20 cm)

Readout : front and back SiPM (Scifi
only)
CoG z-measurement : light division

applied to SCSF81J fibers (same as
CMS HF)

Small tg( O5,0): due to WLS running
longitudinally to cell axis (B¢¢renkov < Osnel
for slower hadrons).




ADRIANO Light Yield and Resolution

Pitch [mm?]
Diameter

2x2
1mm

3x3
1mm

4x4
1mm

5x5
1mm

6x6
1mm

4x4
1.4mm

4x4
2mm

4x4
capillry

<pes/GeV>

<pe./GeV>

o 0.2282 + 0.002248

0.07

0.06

0.05

nergy Resolution (c

0.04

I

| B 0.01476 + 0.0003605

o 0.2797 + 0.003241
B 0.02258+0.0004586 |

o
B
ol
B

N

0

40

6

0 80

FNAL — Oct 5th 2012

100

120 140 160 180 200~ 220

0.09-

0.08/

Resolution vs Scifi sampling fraction - ADRIANO Calorimeter
80

Stochastic term

70 —=— ADRIANO calorimeter

60

50

40

Stochastic term [%]

= —
o 0.3325 + 0.003532
0.02188 + 0.0005974 |

0.3429 = 0.003562

‘ D B 0.02057 + 0.0006338
4 % 0.07) ‘
0.3951< 0.004112 c L
0.02482 + 0.0007281 2 0.06] ‘
0.4388 < 0.00477 2 - o 0.2639+0.002884
0.03018 + 0.0007936 0.05/ 0.02042 + 0.0004223
SR
3
g 0.04
0.03/
002:\ ‘ | - ‘ | - | L1 | | L1 | | L1 1 ‘ L1 | ‘ L1 | ‘ L1 | ‘ L1 | | L1 | | |
: 60 80 100 120 140 160 180 200 220

Beam Energy (GeV)

0.1 E=33%/E 02%

C. Gatto

Beam Energy (GeV)

11

|



ADRIANO EM Resolution
(with and without instrumental effects)

e Compare standard Dual-readout method vs Cerenkov signal only (after electron-ID)
e Blue curve includes instrumental effects. Red curve is for perfect readout

Dual-readout (scintillating+Cerenkov)
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Using Cerenkov signal only for EM showers gives 5%/VE energy resolution
while full fledged dual-readout gives only 19%/VE (including FEE effects)
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: “\a(\J
‘?(e\‘(ﬂll Prototypes Performance Summary

Prototype Glass grlcm3 | L.Y. Notes

5 slices, machine grooved, unpolished, white chStthott SFFEYHHHIT 5.6 82 SiPM readout

5 slices, machine grooved, unpolished, white, v2 hScheott SIFS7HHT 5.6 84 SiPM readout

5 slices, precision molded, unpolished, coated h8chottt SFS/HHIT 5.6 55 15 cm long

2 slices, ungrooved, unpolished, white wrap habhara BBHL 6.6 65

5 slices, scifi silver coated, grooved, clear, unpo lished | SdtwittSFFHHHT 5.6 64 15 cm long

5 slices, scifi white coated, grooved,  clear, unpolished Schott SF57HHT 5.6

10 slices, white, ungrooved, polished h@raara PBH56 5.4 DAQ problems

10 slices, white, ungrooved, polished CI8uthSFESHIARHT 5.6

5 slices, wifi Al sputter, grooved, clear, polished Schott SF57HHT 5.6 2 wis/groove

5 slices, wititeewreap, ungyooveel] podiksieed SSwibSSF-GTHHT 5.6 Small wils groove

2 slices, plain, white wrap DiGirara experimentai 7.5 DAQ problem

e Analysis still ongoing
e Calibration problematic for DAQ issues and degrading of PMTs from He leaks
e Need further confirmation of the results
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Summary of T1015 R&D Status

e ADRIANO for HEF
e 11 prototypes built and tested
® Pgass= 0-3 - 7.5 g/cm3
e L.Y=30 pe/GeV — 158 pe/GeV

ADRIANO proof of principle succeeded

l& ) T1015talks at WL 2010, LCWS11, TIPP2011, CALOR2012,
L CWS2012

e ADRIANO for HIF
e Simulations completed
Requires x5 — x10 compared to existing prototypes
Need to build and test a dedicated prototype
Also important to involve INFN in ORKA
Timing is important in this respect (given INFN funding scheme)
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T1015 Research Program for SY2012-2013

Focus Is on construction technigues: goal is findin g a quick
and cheap

One (of 5) is strongly privileged: precision glass molding

Staged program: each stage will produce 1-4 cells (for FTBF) with a
specific layout

HIF development is a by-product of existing HEF R&D (with about
20-30% overhead)

No plans to extend the program past SY13 (banned major
disruptions)

Next step will be the construction of a 1-2 ton prototype (or ORKA
PV). Considerable bigger project (non expected to be off KA15)
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Fabrication Technology #1:
Diamond tools machining

Minimal R&D required e Longer fabrication process

Room temp (min effect on np) e Large waste

It allows construction of longer e Surface finishis ground
cells
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Fabrication Technology #2:
Precision molding

Cheapest and fastest (15 min) e Molds are expensives

Optical finishing with no extra e Lotsof R&D

steps

Low temp cycle (min effect on np)
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Fabrication Technology #3:
Glass melting

e Pro °

e Build entire cell in one step e High temperature cycle

e Very robust mechanical structure e Extra passive material

e [Easy to get glass defects
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Early stages of R&D

Fabrication Technology #4:
Laser + diamond drilling
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00000000000
00000000000
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Fabrication Technology #5:
Photo-etching
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Apparatus For precision Glass Molding

e Steps involved in mold fabrications

Machining and grinding of raw inconel
bars

Polishing of surfaces
Pt sputtering

Chamber for mold pressing (from
Large-Area Psec Photo-Detectors
F N AL exceSS) Dean Walters Bob Wagner Argonne National Laboratory

Marc Kupfer University of Illinois of Chicago
Vacuum Vessel for Indium cold seal.




surface | finishes

Status of Mold R&D

e Most critical steps are defined
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Stage Ia: ORKA single-readout

e Goals:
Construction of simplest mold
Starting setup for stage II and I11

Construction and test of two 4.6x4.6x27
cms3 cells

FNAL — Oct 5th 2012

Purchase of mold parts
Mold Machining & grounding
Polishing

Pt sputtering

Setup of pressure chamber

Glass blocks (shipping)
Cut and Blanchard
Diamond saw setup

Slicing 20+2 slabs

Molding 20 slabs
Scintillators purchase
Scintillators cutting & P4

Cell assembly

$4000
65-75 hrs x $75/hrs

$5000
See summary

See summary

INFN
INFN
FNAL

FNAL

FNAL/INFN
INFN
FNAL

INFN




Stage Ib: dual —readout with flat glass
e Goals: _

Add WLS light capture
Reuse existing mold
Construction and test of two 4.6x4.6x27

o Cell construction
Some of the costs could be avoided by

reusing the glass from stage Ia

Glass blocks (shipping) INFN
Cut and Blanchard INFN

Slicing 20+2 slabs FNAL

Molding 20 slabs FNAL/INFN
Grooving 20 slabs INFN
Scintillators purchase INFN
Scintillators cutting & grooving FNAL
140 WLS cut & polish FNAL

Already included
. T1())/15 MoU Cell assembly INFN
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Stage II: dual-readout with grooved glass

e Goals:

e Same as Ib but grooves are added

during molding

e It requires the replacement of mold

plunger only

Construction and test of one 4.6x4.6x27

cm? cells

Some of the costs could be avoided by
reusing WLS & scintillators from stage Ib

FNAL — Oct 5th 2012

Already included
glass

C. Gatto

Purchase of inconel

Mold Machining & grounding
Polishing

Pt sputtering

Add press to chamber

$400

10 hrs x $75/hrs
Wait Cabot quote
See summary

See summary

Glass blocks (shipping)
Cut and Blanchard

Slicing 10+1 slabs

Molding 10 slabs
Scintillators purchase
Scintil. cutting, grooving & P4

100 WLS cut & polish

Cell assembly

INFN

INFN

FNAL

FNAL/INFN

INFN

FNAL

FNAL

INFN




Stage I11: ADRIANO for HEF

e Goals:

e Construction of most complex mold Purchase of inconel $400
o |t reuires the relacement of mold Mold Machining & grounding 20 hrs x $75/hrs
plunger and bottom only Polishing Wait Cabot quote

Construction and test of four 4.6x4.6x27 Pt sputtering See summary
cm? cells

Glass blocks (shipping) $600 INFN
Cut and Blanchard $800 INFN

Slicing 40+4 slabs 22 hrs FNAL

Molding 40 slabs 40 hrs FNAL/INFN
Scifi purchase $ 1000 INFN

600 WLS cut & polish 200 hrs FNAL

Already included
in T1015 MoU Cell assembly 28 hrs INFN
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Summary of Expected FNAL Support
for FY2013

e As per “PROPOSAL FOR PRECISION CALORIMETRY R&D
BASED ON HEAVY GLASSES: FY2013 (Rev. 1.0 —July 2" 2012)”

| FNAL—2013Budget | Amount | Classification |
Cut, polish and aluminize scifi & wis fibers Labor

Thin film lab support (E. Hahn 150 hrs Labor
Assembly of new ADRIANO cells Labor
Fart &fo-[)lols Lab3 support (D. Butler Labor
Spectrometer, Chem. Lab & Mech. Support 3 months Labor ,
1ab.6 Contmgept to
: construction of

G. Sellberg support Labor 1-2 ton ADRIANO

DA SuUp Ol’t P RUbInOV LabOI’ prototype
Machining and polishing inconel molds M&S

Diamond wire saw (S.]. $50,000 M&S

e Quotes reflect Stages 1-4 plus generic labor support extrapoleted
from FY2012.
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Compare with Costs of Commercial Firms

e All 11 prototypes built so far have been cut, grooved and
polished at external firms: (Ohara, Salentec Cat-I-Glass)

Cut to size (Ohara) $282
Polishing (Cat-I-glass)  $30
Grooving top (Salentec) $250

Total $560
e Cost of raw SF57/PBH56 is $50-$100/1b

e Surface finish of grooves from mechanical process is
ground: no firms accepted to do the polishing
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Scintillating Glass

Scintillation and Cerenkov at the same time in a totally
homogeneous active absorber

Major issues:

e absorption lines in rare earths induce C->S shift

e Need high density glass

Separate the two problems:
e Fix the optical problem by finding the correct ratio of oxides

e Increase the density with proper vetrous matrix (BiO and WO under
consideration)

Current status:
e Several rare earth oxides tested: Dy,O; promising (next slide)

e BIO glass OK (6.6 gr/cm3), WO unsuccesful (need a very high temp

furnace)
FNAL — Oct 5th 2012




Rare Earth Heavy Glasses

e Rare earths oxides + H0,0O; + ZnO + P,0.+B,0;+SIO,

e R.e. considered: CeO,, Dy,0O,, Nd,O,, Pr,O,,, Er,O,

T
¥

Nd,03

Composition

CeG,

POy,
Dy,0;
Er,O;
NG,O;
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Transmission Spectra
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Department of Materials and
Environmental Engineering

——
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Conclusions

ADRIANO dual-readout techniques is well established
after four test beam at FTBF of 11 different cells

Results from recent test beams prove that Cerenkov light
readout from heavy glasses with WLS is feasible

Cerenkov ligth yield more than adequate for

30%/sqart(E) calorimetry. Our goal is to make iteve n
better for EM calorimetry

Next R&D will focus on construction techniques

Besides calorimetry, novel techniques are exploited for
capturing glass generated in heavy glasses
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T1015 Collaboration and Fermilab

Fermilab based T1015 collaboration was born in 2011

It exploit new techniques based on heavy glass (no sampling calorimetry nor crystals)

It covers R&D on a broad range of aspects related to high performance hadronic and
EM calorimetry :

e Production and characterization of large area SiPM

e Custom FEE

e Construction and tests of calorimeter prototypes

e Total active multiple-readout calorimetry

e Scintillating heavy glass for dual-readout homogeneous calorimetry
e ADRIANO calorimetry

It gathers 9 INFN institutions + Fermilab

Support from Fermilab Detetector R&D Program has been of paramount importance
during the initial (and risky) proof of principle phase

Focus has shifted from scientific aspects to technical ones (no risk any more).Fermilab
IS even more important in this phase because of:

e Excellent tech. staff for solving mechanical related problems
e Thin film lab for WLS preparetion, sputtering, etc.
e Spectroscopy lab for study of light detectors (Cerenkov, scintillating glass and scintillation)
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Backup Slides
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Dual Readout Calorimetry

Total calorimeter energy: use two measured sigaadistwo, energy-independent, calibration constant
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Dual Readout Calorimetry

Total calorimeter energy: use two measured sigaadistwo, energy-independent, calibration constant

Cerenkov Signal Entries 1448

Mean 28.77

Non-gaussian RMS  4.389
ILCroot simulations

Scintillating Signal Entries 1448

) Mean 56.43
Non-gaussian RMS  6.739
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Dual Readout Calorimetry

Total calorimeter energy: use two measured sigaadistwo, energy-independent, calibration constant

Cerenkov Signal Entries 1448

Mean 28.77

Non-gaussian RMS  4.389
ILCroot simulations

Scintillating Signal Entries 1448

) Mean 56.43
Non-gaussian RMS  6.739

From calibration

@ 1 Energy only
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Dual Readout Calorimetry

Total calorimeter energy: use two measured sigamadistwo, energy-independent, calibration constant

[ Reconstructed Energy |
100— :
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- | Mean 3994
I~ | RMS 2.607
80—| ,
L | x*/ ndf 35.15 /52
- | Constant 88.8y 293
60 ; Mean 40.0/1 = 0.06
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From calibration

@ 1 Energy only
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ILCroot simulations
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Dual readout calorimeter is
two distinct calorimeters
sharing the same absorber.
Measured energy is
gaussian because of
compensation event by eve



THE ORIGINAL APPROACH
Sampling Dual-readout (DREAM and 4" Concept)

After extendd simulations and studies with ILCroot we have learnt
that Sampling Dual-readout (i.e. with absorber) has:

e Pro

First working example of dual-readout calorimeter

Scintillation and Cerenkov light are produced in distinct and optically
separated volumes

Simulations confirm test beam data (more or less) and improvement in
energy resolution up to 30%/sqrt(E)

Cheap to build (brass and plastic fibers)

Dual Readout

[=]
e
N

Sampling is far too coarse shower generated by EM particles

2
o

Large unbalance between Scintillation signal (200 pe/Gev)
vs Cerenkov (7.5 pe/GeV for 4th)

Pion Energy Resolution (¢ / E)
o
=)
1)

o
o
5

ILCroot simulations

x2 / ndf
po
p1

4.939/3
0.3494 £ 0.007413
0.01455 + 0.002649

0. | E=349%/+E 015%

20 40 60 80 100 120 140 160 180 200
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Cons N. 1: Sampling is far too coarse for shower
generated by EM particles

Calorimeter sampling frequency must be compared to absorption length of T —
bulk of the particles composing the shower (not X, nor A): i.e 1 mm for e - '

book

(typical shower particle in em showers is a 1 MeV electron)

40 Gev electrons
- o 5
§ouu Simulated in
ILCroot
7500

7000
6500

6000

-2 1.5 -1

Cerenkov and Scintillating signal produced by e- @ 45 GeV beam in 4th

calorimeter (mm pitch between fibers) as function of e- impact point. l
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Cons N. 1 (cont’d)

energy resolution curve for electrons in 4th Concept the hadronic calorimeter

B 0.01061+ 0.0004862

ILCroot simulations

_ 05
o [E=2806/E™ [111% No instrumental effects
: Included in this

simulation

60 80 100 120 140 160 180 200 220
Beam Energy (GeV)

 Very poor EM energy resolution.
« Hadronic sampling calorimeters require a front, EM section.

. | Inreal life this is a bad idea as:
|f’:.—" 1. More complex calibration.
2. Introduce extra fluctuations with hadronic showers.
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Cons N. 2: Cerenkov light In fibers
IS very dim

4th Concept Calorimeter ILCroot simulations

' Sci sign " @ 40 GeV (SAMPLING) | hS0pi | Cer signn" @ 40 GeV (SAMPLING) | hCOpi

Entries 5000 Entries 5000
Scintillation
200 pe/GeV

Mean 8140 120 Mean 297.8
RMS  581.3 RMS  58.96

Cerenkov
7.5 pe/GeV

}III|III|III|III|III|III|

L ‘ L L L L | L L L L | L
200 300 400

ol b h | I|I\II|IIII|IIII|IIII|\III|\I l—hrlnlll\nl
G%l]l] 6500 7000 7500 8000 8500 9000 9500 10000 10500 11000

Cerenkov and Scintillating signal produced by Tt @ 40 GeV beam in 4th
calorimeter (Lmm pitch between fibers) including FEE effects
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Cons N.3: Too many fibers for a 41t calorimeter

Define I' =(total area of photodetector/total external calorimeter area).

[ takes into account:
e The needed photodetector area to read circular fibers with optimum packing

e The crowdiness of your FEE

At present: Very large

e I_DREAM = ~24%. I_4th Concept — ~ 21%.

This issue s nonestiy-recognized by DREAM Collaboration:

“...The grouping of the
fibers was labor intensive and required the fibers to extend about 50 cm beyond the end of the

calorimeter. While this worked very well in the beam tests, it probably would not scale well
with the lateral size of the calorimeter....”

Excerpt from:

R.Wigmans, et al., Dual-Readout Calorimetry for the ILC -

A University Program of Accelerator and Detector Research for the
International Linear Collider (vol. Ill) FY 2005 - FY 2007

Available at: http://www.hep.uiuc.edu/LCRD/LCRD\_UCLC\_proposal
\_FYO05/6\ 16\ Wigmans\ LCRD1.pdf
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Difficulties of Total Active

Homogeneous Dual Readout

Report form DREAM Collaboration studies. Separation efficiency between S & C components

i N:?j:; '-_‘- 0 02 B4 06 0F L0 20 : Calorimzter signal
) .‘-l!UL?: aj H“'IE:_' I . b DREAM
N <ot % || il stand-alone
£ we :
S o] i B of B (2 separate media)
‘.::E‘:' [.'_.. ] ==t :_.._I.. T ﬂmﬂ_.
2 pguny 100
E. ,'- ; | - ! -ﬂ?l) P
§ o ¢ j ' PbWO, matrix
s -l iy ' '
% al ok (directionality)
:rmf_ | s | |
T 0003 a3 "0 3007300 60D 8O0 1000 T30
(B-A ) B+A) Calerimeter signal fa )
1o} i ——
L8 ik ] .“ B .
B ‘ . BGO,,, (I crystal)
= 1w l " 2
YeE | (time structure
: i | + 5})(3{.7'”*”!}'?)
'.'IT [i | §
i [ ST, ik e | I
¢ 1 4 5 5 i N I, T N (N e | I T [
e selmtllaier sigwal ran IREAM Sowiaror foral 1GeV)
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Combine the advantages of
sampling and total active techniques

Embedd scintillating fibers into heavy glass

e Active Cerenkov component: Optical Heavy Glass
e [t functions as an é

e No scintillation light
e Lots of Cerenkov photons thanks to n=1.95 (for A ~ 510 nm)

e Scintillating component: scintillating fibers

° from Cerenkov absorber

e Control the scintillation/Cerenkov signal with appropriate pitch
between fibers

® [ priano = 8% (baseline version)
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Neutron fluctuations 45 GeV T

Cerenkov signal vs Neutron fraction in 4th Concept calorimeter

Y]
e O
o o
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o

neutron
fluctuations
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ILCRoot simulation



PDE total rate

o SIPM by FBK
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20%
V191
15%
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et 1= = ]
10%
5‘ ¢ 0
0%
350 400 450 500 550 b00




Waveforms from TB4 DAQ:

SiPM with W.C. light concentrator (by G. Sellberg) vs PMT

5 Gev e/rtbeam

MB LYDS

L
ADC data ADC data # Stored Events
13 , 0
12 +
I~ w1+
< <
o o
= = €« ¥
s 5 1m0l
Displayed Event#
0
g3 1
Fecorded Event#
0
8 f
0 100
v

TRACE O [CH11 | ba v [ Infinite persist TRACED lnore v Maty 7] Irfinke persist
TRACE 1 |CHS v oo |§ TRACE 1 |cHT v 13000 %
TRACE 2 |CH7 v Min¥ [0 = 400 5 | Max¥ TRACE 2 rone | Minx D g 400 | Mani
TRACE 3 v TRACES [none v B0 =
Min 'Y

Time out per (1000 FFFE Tirne: out per | 1000

Trig timed out Trig timed out
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RIETImITATESUILS
Comparing different glues

Beam straight

0 WLS Cell 8x2M - MM vs CB glue

—— BCF32-1.2(CB+3.A+5141)10GeV CB best
BCF32-1.2(CB+3.A+5141)

Legenda
—j— BCF32-1.2+MM+3.A+5141)|10GeV

eV optical match

[
=
a
&0
=
=
&

500

=30 =20 =10 0 10 20 30
Beam position [mm)
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Comparing different SIPM
2.8 mm round vs 4x4mm? square.

Cell 8x2M - SiPM14 vs SiPM141

Legenda
BCF32-1.2(CE+3.A+5141) 5GeV
—j— BCF32-1.2{CB+31.A+514) EIIF-E\I'

r:-I|IIII|IIII|IIII|IIII|IIII|II

| | 1 | | 1 | | 1 1 |
0 10

)

Beam position [mmi]
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Al
Comparing different Light Concentrators

Cell 8x2M - 3.C vs 3.X concentrator

—@— BCF32-1.2(MM+3.X+514) 5GeV

Legenda
BCF32-1.2+MM+3.A+5141) [10GeV
= BCF32-1.2({MM+3.X+514) 10GeV

o
=
o
(o
=
o
&

Original (TiO, coated) | 1
Original (Ag coated) | +0% T

: Beam position [mm]
super polished +5%

+80%
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Fiber Readout vs Direct Glass Readout

Direct glass reading: horiz. scan Direct glass reading: v. scan

Legenda
—l— Bx2M (15cm) 10GeV
Bx2 (25cm) 10GeV

Legenda

—f— BxIM glass 10GeV

1400

3 -
[51]) :_
& 1200
o o

.30

A

1 1 I 1 1 1 1 I 1 1 1 1
KT D

DIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

[#]

1 0
Baam “o::ition [mmy] Baam position mmi]

~73% more light collected
by directly reading the glass

~2 cm longitudinal attenuation length




Pictures from 2011 Test Beam

Scintillating
fibers

WLS fibers




ADRIANO Variant for Imaging
Calorimetry

R&D targeting y400 experiment

Special coating to limit Cerenkov light spread

Cell 8x2M - MM vs CB glue Beam direction
¥ I ndf 0627412 _

Legenda Constanit BETDE 008345

—fi— BCF32-1.2+MM+3.A+5141) 10GeV¥

—J— BCF32-1.2(CB+3.A+5141)10GeV
BCF32-1.2(CB+3.A+5141) 5GeV

Slops 003026 + 0.009063

~3 cm lateral
attenuation length

|
=
a2
[4n]
=
a
ol
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Ligth Readout R&D

Winstone Cone concentrator
(G. Sellberg & E. Hahn)

SiPM assembly

Light concentrator + fibers:
FNAL — Oct 5th 2012 C. Gatto SiPM side




Test Beam Seu'JIE at FTBF

"‘\‘\N\’»

i
i

T‘ -




Spectroscopy Measurements

Best coating and optical glue
resulted to be homemade mix

—

[P D

C. Gatto '



Waveforms from TB4 DAQ

‘\;Stnred Ewants ADC data

FAUSE
<1 ax
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# Stored Events

ADC data
0

cho (1043)

Displayed Event #
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TRACE 2
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Summary of Preliminary Analysis
of 2011 Test Beam Data

Light Yield vs Prototype

Light yield constantly improving with new
prototypes; current limit ~120 pe/GeV

August test beam yielded ~10 times 4t
Concept detector light

Light attenuation length critically depends on
coating type and surface finishing of glass WL Al Sepll  Octll  Nowll  Decll

Coupling of fibers to SiPM is critical: air gap between light concentrator and
SiPM more than halves the light yield

Y11 fibers produce about 45% more light than BCF92 with Cerenkov light
Different glues produce up to a factor of 2 in light yield

Cold vs hot glass construction methods make no appreciable difference

Direct reading from glass at back of cell yields less light than reading fibers

SiPM and PMT produce comparable signals. However, large noise from
present version of SIPm make them hard to use in low energy applications
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T1015 R&D Completed Program

Five test beam at FTBF by the spring of 2012: several cells in different
configurations

4 glass type: lead and bismuth based + scintillating Ce doped glass

3 glass coatings

2 fabrication techniques: cold machining and high temp. molding
3 WLS fibers: Y11 (1.2mm) & BCF92 (1.0, 1.2 mm)

1 Scintillating fiber: SCSF81

Several optical glues (mostly homemade)

4 photodetectors: 2 SIPM (2.8 round and 4.3x4.3 square) & 2 PMT
(P30CWS5 , R647)

4 light coupling systems: direct glass + direct WLS + 4 light concentrators

Goalsare:
 Maximize light yield (Cerenkov)
 Measure parameters for Montecarlo simulations
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Future Prospects

First 2 year R&D on fabrication techniques already producing clear directions

Precision molding technique is preferred (ADRIANO)

Starting in year 2012 we will exploit
e Laser-based technique coupled with diamond milling
e Dedicated, high speed (< 30 min) molding machine with Pt-Ir coated (Ra ~ 5-10 nm) molds
e Photo-etching techniques

Ohara sponsorship/partership for bismuth optical glass (6.6 gr/cm3, ny = 2.0) in
progress: two strips (total 1.4 Kg) provided at no cost

New Ohara heavy glass just tested at FNAL.
e 7.54grlcm3;ny=2.24

ADRIANOZ (Cerenkov + scintillating glass)
R&D just starting. First results: >600 pe/GeV
Rare earth-doping tests under way at DIMA

Heading toward a large prototype
e 1,800 PMT appropriated from CDF
e New experiments adopting ADRIANO (next slide)

Calor2012 C. Gatto - INFN Napoli




