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Introduction: The CLAS12 experiment at the Thomas Jefferson National Laboratory Is focused on the study of nucleon structure and has
been concelved to support the energy upgrade to 12 GeV of the Continuous Electron Beam Acceleration Facility (CEBAF). One of the ‘.
primary interests of the CLAS12 experiment Is to measure Deeply Virtual Compton Scattering to study the structure of the nucleon in terms CIQS“
of Generalized Parton Distributions (GPDs). The goal of the nDVCS experiment (e d — e ny (p)) Is to measure the GPDs of the neutron '
and gain information on the quark’s contribution to the angular momentum of the nucleon. il s s s

The Central Neutron Detector

In the nDVCS reaction more than 80% of the
neutrons will be emitted at an angle bigger than

40° and so will be localized in the central region
of CLAS12

Detector assembly
The CND construction phase started @ IPNO on December 2013

Operations needed to assemble one block:

Light guides v Gluing
* between fish tail, long and short light guides

. . . . * between light guide and scintillator
It is crucial to have a dedicated n detector in * between two scintillator bars and the U-turn light guide

the central region of the apparatus v’ Wrapping

,— : :‘ = ‘;//, » - SR ‘
oy ‘“ « with Al foil
>, * with black tape

cintillator v Assembling three layers of scintillator couples with foam for
: The main constrains for the design of the CND are : scintillators orrect g three 1ay P
L] . . o . U_Turn pOS|t|On|ng
:° Limited space available (10 cm of total thickness) Approximately 1 week of work to assemble one block
:* Strong magneticfield (5T)

:* Good time resolution (0~150 ps to ensure n/y beta separation between 0.2 and 1 GeV) : - _
P T T T o, |, s smmrmmEmm eEr e ! Er T T T T T T T r T Tf Tf T T T T T r e e e r Y Y e r T e e T, T, T, T T T T M MM M T M M Tt T M T T e T T T Y Y T Three pOSltlonlng tools for the g|u|ng procedure The Wrapping procedure has to be very careful to respect the

—— | keep-in volumes and clearance requirements

Dedicated assembling room

Three layers barrel of 73, 70 and 66 cm-long scintillators. Min inside | Max outside | Radial
One end of the scintillator is connected to a long light radius [mm] | radius [mm] | thickness [mm]
gwd.e while the cher end |.s glu.ed to a .U-turn light Keep-out 582 590 3
guide that redirects the light in the neighbor bar. Jone
The light is collected on PMTs all placed upstream
CND 290 383 93
Light yield and time resolution comparative Keep-out 383 390 7
tests to choose the best suited elements for M.Bond 200 zone

Gluing of the two parts

the design of the detector

with a tool

~
<30.8 mm mm
. 0.1=Tolerance scintillato
each, optically coupled two- oca= uminn
° [{{ ” |3 .2= Imperfection
by-tWO Wlth d U'tu rn Ilght Shield PMT Wrap Scintillator Glue U-turn (2).22=|Scztcfh.-tape Wrapping:
guide, for a total of 144 2.5mm  R2083 Mylar Al BC408 M-BOND 200 |  Triangular s Aluminum : 30 pm
scintillators and PMTs 5 mm 9954A  VM2000 EJ200 BC 600 Semicircular .. N— Black tape: 0.2 mm
R9779 Al foil I ; ‘
R10533 /
////
Charge Time The mechanical structure
ndirect light =% “" . | ) 5 hT:g“htmm Aluminum
Two scintillator bars — . 3 M{ &~ arch g 8

) foreach layer: 1 -2

Stainless-steel
bracket
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One week needed to characterize each block with
cosmic rays (2.0M events accumulated)

Aluminum
part

* Light collection
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* Light velocity in the scintillator The support structure designed to integrate the CND |2 00288 P58 el bracket
: .. — : i i Deflection= 0.1
* Light attenuation in the scintillator . it S | Ittt It n the CLAS12 apparatus is made up of 6 separate \pfﬁi“;’(;maiiﬁz 120kg
. Time resolution Aluminum arches that are fastened together to form —— 4
: : a ring, which is in turn attached to the magnet by Max stress = 16 Mpa
nght VEIOC“:V . Deflection=0.17 mm
f stainless-steel brackets ' _
PMT HV CFD TDC 7 2 RPE—— means o AX(PMT + plate + arch) = 120 kg
= Splitter ::__ e S = 1 R Assumed 0Oy = 150 ps
] -
5 . ° Length_h=73.43 cm At IPNO we built a mechanical
- - 5 18 * Length m=70.0cm prototype to reproduce the magnet
n Time Resolution \ £ - Length | =66.57 cm geometry in order to test the
= 20— . Z. 4 - -T- Typicallerror: £3.5% mounting of the structure and the
= _ 200 O nm®_n = !_L E positioning of the blocks
m H [ - . . .
'B % 180 ¢ - - - ¢ * ) - 0 2 4 6 8 10 12 14 16 18
Tref = (Tap+Tag — Tp, — Tpr)/2 .§ SRR YRS ** N ¢ . I - k Block ID Number /
S 160
Ts = (Tsy+Tsg)/2 & o - - |
: | : :
Teosmic = (Tar+Tar + Tpr + Tpr)/4 —Ts | F |5, :zcr:;)fsmlc mMT operated @ nght collection \
5 TOF G=1.510° SH1dir mH2dr
_ |2 2 _ 100 900,0 AM1dir XM2dir
Og = JG cosmic — (Gref/z) = O1oF 0 2 4 GBIockSID nur%‘?ber 12 14 16 18 ° QDC 025pC/Ch g 500.0 —L|1 dir @ L2dir
\ s | tyicaerror: 0.06%
i N E“"“? 1 M2 Charge 'g.
: [ o
/ Light attenuation o — _Hz\ = [y e g
For each block we evaluate the g 250 :E/l'l :(Egz E i '§
light collection as a function of < - A i 2 2000 L *
the distance from the PMT S * R i ‘ A\ ';;"*i "o 2 4 6 8 10 12 14 16 18
##PheHl M#PheH2 5 150 5 ? z_.il. l ; $ § : % oo n mo; & = Block ID Number
o 1000,0 :ﬁ E:e M1 :(# P:e M2 ‘gf ® .\*5 X=X | B ‘ : - 3 b e R W o
5 900, m_ ell @#Phel2 2 100
8 Zﬁzﬁ ;;\*.\ % Variation (between +7% and + 15%) in the light collection is due to variation in the Once each block has been fuIIy characterized with cosmic
£ 7000 :.\anﬁ 2 gluing, wrapping and optical coupling with the PMT o o ) .
= 2 o rays it is positioned in the structure to test the stability and
2 500,0 o 2 4 1 12 14 1 1
\’é L 0 Block 1D Number 6/8 the strength of the final CND assembly.
Distance from the PMT [cm] - -
So far we installed 16 blocks in the structure

Conclusion and future work

The CND construction started in December 2013 at the Institut de Physique Nucléaire d’Orsay. We assembled 21 blocks and tested, with cosmic rays, 17 of them out of the 24
of the final design. For all the tested blocks we measured a time resolution o, better than 160 ps thus satisfying the requirements, in terms of time properties, needed to
perform the desired hadron physics experiment.

At the present time we are organizing the shipping that is planned for spring 2015. The installation will take place one year later and the experiment will start on 2017



