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CEBAF Continuous Electron
Beam Accelerator Facility

Add
6 GeV == 12 GeV -y
o area

Add beamline to new experimental area

Upgrade magnets

Add 5 cryomodules and power

20 cryomodules

7 opLL

. & \20 cryomodules

Add 5 cryomodules

C' Electron beam
// up to 12 GeV  ==p Hall D

Electron beam
up to 11 GeV @ Halls A, B and C

Max current : 100 pA

s Longitudinal Polarization : ~ 85%
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SBS Super Bigbite Spectrometer

University of Catania -Dipartimento
JLAB 12 di Fisica e Astronomia

INFN - Catania section

INFN Bari
INFN Genova
e @ Lob 12

ISS Roma
GEM Tracker Hadronic
(Gas Electron Calorimeter
Multiplier) HCAL-J
48D48 1st 3rd
Tracker 2nd Tracker

Tracke

Beam line
To deflect the reaction  Front, second and third To measure the two 'To evaluate the energy
products tracker to track the components of of the particles and
charged particles polarization distinguish between

protons and neutrons
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Gas Electron Multiplier (GEM)

v

Gaseous detector

Charged particles pass through the gas, lose their energy and create ion-electron
pairs. If we apply an appropriate electric field, we can accelerate these charges

towards the electrodes and collect them.

Eprimary
npail‘S — Wionization - 30-35 eV/pairs
ionization

AV ==p Electric field ==p Energy for more ionizations

. B
@ Creation of avalanche ' . Fine anoda vira

Electons heading forthe anode wire
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Biconical holes Holes matrix

Dext= 70 pm
dint = 50 pm

70 pm

50 pm
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Single GEM foil

==p Drift plane

Gas mixture :
Ar 710%
CO:2: 30%

== Readout plane

- XSS TS S S S S TS D
,,,,,,,,,

AV = 300-500 Volts ==p Strong electric field in each hole

Drift plane Advantages:

-/ Conversion, amplification and charge

collection take place in separate layers;

é% Good gain in the final state;

- Flexible geometry;

\ 1 . Good spatial resolution;

' ~{ 'IH 3 \ f 4 !
1' Jj II ‘ | Induction fie " \ ﬁl |
T
- | ' | .. -~ A GEM foil is not expensive!

Readout Plane

e—
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Gain in a single GEM
Relative Gain

G =— = e =~ 103 o == Towsend Coefficient = ionization number
ny to length unit

But not all electrons can reach
the readout plane !!!

Real Gain depends from:

4% Electric field intensity;

3% Thickness of the drift region and the induction region;

- Ratio between the number of electrons entering the GEM holes and the
number of electrons produced in the drift area;

-~ Ratio between the number of electrons extracted from the holes and the

number of electrons produced inside the holes.
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Triple GEM detector

3 GEM foil in cascade between the drift and the readout
planes

===l Primary particle

A\ 3 mm
GEMO - @-----------_
% ||‘|'. TRANSFER 1 _—
GEM 1 %ﬂPIII-I-IIII“
A 2 mm
GEM 2 +
2 mm
READOUT -
Gain: Advantages:
-/ Better gain but using smaller potential
G eaz Viot

differences;
Effective Gain ~ 105 -/ Probability of lower discharge phenomena;

-~ Lower number of ions at the cathode.
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Readout plane

Kapton sheet with copper on one side; the geometry for the

readout plane can take two different configurations:

Pad Strip

Double strip with 45° Double strip with 90°
angle angle

S .um._(_;u

50 um ~

kapton
a

rg
~ 400 pum - 80 um

The readout plane, for SBS configuration is a Strip plane
and allows us reach a good spatial resolution in x and y

directions
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SBS for GEpS5 Experiment

Study of the electric Form Factor of the
proton

( Proton Arm )

INFN GEM
BNL GEM HCal
BigBen /
\ R
~ 4 | .
il 2 i
pa— | il
S~ 111111
BigCal i
‘ Lead-Glass
Al filter Calorimeter
GEM
e-Beam Target Q2
11 GeV, 75 pA, 85% pol. Liquid H:, 40 cm. 6, 12.5, 15 GeV?2
Proton Electron
0=-14°, Q=35 msr 0=37°, Q=180 msr
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ANSYS software

ANSYS is an engineering software useful to create complex
geometries, assign materials to different volumes and create
electrostatic field solutions.

Mechanical APDL (ANSYS Parametric Design Language)

FEile Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

NECEEEE):! EIEEE]

Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

et Cllolo |z |o |2 le | |2|o]olsloleaalaaellole, T |

\. Ea Preprocessor (Geometry, material and mesh)
~* Solution (Potential and field)

- * General Post-processor (look the data and save the files)
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ANSYS software-preprocessor

Geometry

Potential

CHERNE19

Portopalo di Capo Passero,

Mesh

ANSYS

R17.2
Academic

AVEAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVATAVATS
AYAVAVAVAVAVAVAVAV, Y%VAVAVAYA‘!AVAYA AN

VAT AVAVAYA AVAYAY, YAVATATAVAAVAVAT
<hvéw%mﬂmuu¢‘,m§‘§‘§§§5 b

! A
‘:’géréhuvmvaVAwmmemA AVAVAR S

mmﬂmwnnmummnmnnnummmmmmﬂ!
RSN AAAAA AL TNSS IS AL AN

! Voltage boundaries on the drift and induction plane
ASEL, S, LOC, Z, drift

DA, ALL, VOLT, -1857

ASEL, S, LOC, Z, induct

DA, ALL, VOLT, ©

Voltage boundary conditions on the lower metal
VSEL, S, , , 1

ASLV, S

DA, ALL, VOLT, -729

! Voltage boundary conditions on the upper metal
VSEL, S, , , 2

ASLV, S

DA, ALL, VOLT, -1128
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ANSYS software - solution and
postprocessor

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
EFSUM (AVG)

RSYS=0

Analysis results

ELISTIis | No Selection = NUIST.lis ) No Selection

[
LIST ALL SELECTED ELENENTS. (LIST NODES) ILlsy ALL SELECTED NODES. 08YS=
: .
A

saxex ANSYS - ENGINEERING ANALYSIS SYSTEN RELEASE 15.8 e

ANSYS Academic Research #4xaex ANSYS - ENGINEERING ANALYSIS SYSTEM RELEASE 15.@ e
20203145 VERSION=LINUX xé64 17:53:12 SEP 22, 2014 CP= 11.732 ANSYS Academic Research
80203145 VERSIONSLINUX x64  17:63:12 SEP 22, 2014 CP=
ELEN MAT TYP REL ESY SEC NODES
a8 2 e 0.7
2 3 01 1 @ 1 2164 2166 2081 2413 2417 2416 " R
1 3 e. e
3 3 1 e 1 2154 2422 2423 2415 4 8. 8.
L] . L]
4 3 11 @ 1 2081 2422 2424 2413 6 e o
7 6. o
5 3 01 1 @ 1 2153 1884 2059 2425 'Y o
9 e, 198E-17 L] v
6 3 1 1 @8 1 2160 2428 2429 2438 2031 1o 0. 2652.43 8 10609.7
7 03 01 1 @ 1 2091 2434 2435 2436 2437 2 e o 397 - 119
. s P . a0 sace 26 13 @ e. - - -
8 3 1 1 @ 1 2002 2636 2439 2468 2481 oo o
9 3 1 18 1 2166 2443 2444 2445 2446 15 @ 1 7 L'}
PY) 0. 8, o,
@ 2 1 1 @ 1 2167 2445 2449 2448 2458 17 L a. 8. -0
18 a. 0. 1 -8
n 03 1 1 @ 1 2169 2453 2433 254 2455 19 e o, e
20 a. . [
2 3 11 8 1 2173 2658 2659 2068 2061 21 e o. aic-01  ©
1B 03 101 @ 1 701 2480 2485 2486 2067 n e bbby i
23 . 8 1 -8 Y °
% 3 1 1 e 1 2171 2469 2478 2458 2458 24 e. 1 7 L o e
Pt * =8 28 a. 0. 1 °
5 3 1 1 @ 1 701 2466 2472 2473 2067 26 @, . e
27 e. 8 e. [ ]
6 3 1 1 @ 1 1438 2475 2476 2477 2478 28 L L} 78, 1
29 @ 8. ) 1
PRNSOL.lis ) No Selection
g < > MPLIST.lis ) No Selection |PRINT DOF. NODAL SOLUTION PER NoDE
waxxx ANSYS - ENGINEERING ANALYSIS SYSTEM RELEASE 15.@ R aad
LIST MATERIALS 170 3 BY 1 ANSYS Academic Research o
PROPERTY= ALL 00203145 VERSION=LINUX x64 17:63:11 SEP 22, 2014 CP= 11.378 lS
°
MATERIAL NUMBER 1

TEMP RSVX wwwws POSTL NODAL DEGREE OF FREEDOM LISTING wwwws [ ]
0.1700000E-07 L% STEP- 1 SUBSTEP-
TIME= 1.06000 LOAD CASE= @ [ ]
TEMP PERX
0.1000000E+11 NODE VOLT
’:K 149;59 Y
MATERTAL NUMBER 2 3 a0
4 200.00 ls
TEMP RSVX P i
0.1700000E-07 7 20060
8 200.68 Y
TEMP PERX o 2.0
-150.6
0.1000000E+11 N e ° ls
12 -200.00
MATERIAL NUMBER 3 13 200.00
14 200.00
TEMP RSVX 1o aseee
0.1000000E+14 17 200.60
18 200.00
19 -200.00
TEMP 3 :;z;ae 20 -200.00
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Garfield++ tool

Garfield++ is the best tool to simulate the behavior of gaseous
detectors.

471
472 // Load the field map.
473 ComponentAnsys123x fm = new ComponentAnsys123();

. t 4t [/ fm->EnableDebugging();
Garfield++code read = const std::string efile = Form("%s/ELIST.lis",cla_modeldir);

the ANSYS .lis files const std::string nfile

A const std::string mfile
const std::string sfile
479

Form("%s/NLIST.1is",cla_modeldir);
Form("%s/MPLIST.1is",cla_modeldir);
Form("%s/PRNSOL.1is",cla_modeldir);

We also use the MAGBOLTZ library to define the atomic and
thermodynamic characteristic of the gas (mixture percent,
temperature and pressure)

For the simulation we are using:
Gas mixture 70% Argon and 30% COy;

Temperature = 293.15K;
Pressure= 760Torr
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Garfield++ tool

What we can change using Garfield ++:

e The physic volume of the simulation;
e Number of the particles that we want simulate in input and primary particle type
(e, p, , etc. );

e Energy (eV), direction and impact point (angle) of the primary particles.

We can visualize the results of the simulation

using ROOT libraries:

C_g&t&ﬂs of the electric field

7000C

6000C

5000C

4000C

3000C

2000C

1000C

~0.008 [EET (CCTUR SO R APIPPPITRR, St O
~0.01 " " : W "
-0.004 -0.002 0 0.002 0.004
X [cm]
Avalanche creation and its distribution in the A
Electric Field map

readout plane
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Simulations models

Cascade Triple-GEM
Model

3 GEM single foil in cascade and an

ideal readout plane.

Microscopic simulations are carried
on each layer in a hierarchical way:
simulation outcome of the previous

layer is sent to the next layer.

It’s a flexible multistep model that
easily allows to simulate different
schemes, imperfections, foil
misalignment, by decomposing the
3xGEM+Readout chamber in 4

adjacent layers.

CHERNE19 Portopalo di Capo Passero,

June 2-5 2019

Full 3GEM
Model

It is a complete model with drift,

readout and 3 GEM foil.

Microscopic simulations are carried
from the drift plane, trough the 3
gem foils, to the ideal readout

plane.

We can evaluate the simulations
results only in the readout plane.
It’s a model useful to show that the

cascade model is correctly working.
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Simulations Conditions

Two different “work environments”:

JLAB Experimental Julich Experimental
Conditions Conditions
4 GeV electron beam. 2.8 GeV proton beam.

Simulations when some physical Simulations to compare the results
parameters change. with the real data.

Simulations carried on with both The simulations are in progress.
the model: cascade and full.

GEMs size: We tested 1 reference module
10 [cm]x 10[cm]
40 [cm]x 50[cm]
and 5 GEMs foil
40 [cm]x 50[cm]
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Simulations in JLAB
conditions

Systematic study to verify the consistency of the simulations:

Number of electrons in the readout plane
Spatial distribution of the avalanche (x and y axes)
Energy of the particles in the readout plane

Particles arrival time.

h hi
25000 |— Entries 376733 30000 — Entries 376733
- Mean 0.0006492 R Mean-0.001255
C RMS 0.02118 B RMS 0.01993
B 25000 f—
20000 f— C
= 20000 |—
15000 |— -
B 15000 :—
10000 |— B
[~ 10000 |—
5000 = 5000 -
oL NI B B ol [ B P B R
-0 0.1 0.15 0.2 -0.1 -0.05 0 0.05 0.1 0.15 0.2
x [cm] y [cm]
h2 h3
- Entries 376733 10000 Entries 376733
N Mean 90.01 Mean 3.352
60000 |— RMS 18.09 9000 RMS 2.436
E 8000
50000 [—
_ 7000
40000 — 6000
30000 |- 5000
n 4000
20000 |—
o 3000
10000 [~ JHJJ 2000
o Erolt . e 1000
0 50 100 150 200 250 300 350 400 450 500 10
[ns] [eV]
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12000

10000

8000

6000

4000

2000

10000

8000

6000

4000

2000

Simulations in JLAB
conditions

We evaluated the response, in terms of avalanche distribution in the

RMS= 233 um

h
Entries 194520
Mean 0.002595
RMS _ 0.02332

0.2
x [cm]

RMS= 214 pm

h
Entries 153922
Mean 0.003211
RMS  0.02141

— 0.2
x [cm]

8000

7000

6000

5000

4000

3000

2000

1000

CHERNE19

h

Entries 127134
Mean 0.008498
RMS 0.0215

RMS= 215 ym

hi

14000

12000

10000

8000

6000

4000

2000

|
&

RMS= 213 pm

Entries 194520
Mean 0.0001343
RMS 0.02131

10000 :—
8000 :—
6000 :—
4000 :—

2000 [—

RMS= 210 ym

hi
Entries 153922
Mean2.712e-05
RMS _ 0.02096

ol
-0.1

yfem]

h1

RMS= 206 pm

Entries 127134
Mean -6.86e-05
RMS  0.02058

Portopalo di Capo Passero,

June 2-5 2019

L1 L
0.15 0.2

readout plane, when the impact point of the primary particles changes.

X (red) and y (blue) distributions of
the charge in the readout plane,
when the incident particles pass
through the center of the hole and

perpendicular to the readout plane.

X (red) and y (blue) distributions of
the charge in the readout plane,
when the particles incise in x=
0.0035 cm and perpendicular to the

readout plane.

X (red) and y (blue) distributions of
the charge in the readout plane,
when the particles incise in x=
0.0070 cm and perpendicular to the
readout plane.
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Simulations in JLAB

o o
conditions
Avalanche width VS impact point of primary
particles.
PR — har
B Entries 61
450 — Mean 5278
82 E Meany 2084
© 400 — RMS 21.03
g = I AMSy  88.28
350 — -
o kg o
- |4+ |
= %
mE - T
200 —
150 -
= No dependence of the avalanche
0 width from the impact point of the
soF primary particles
o:lllllllllllllllllllllllllllllllllllllllllllllllll
0 10 20 30 40 50 60 70 80 S0 100

Impact Point Distance for Hole Center um )
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Simulations in JLAB
conditions

Avalanche width VS impact angle of primary

particles.
— hsa
E 450 [— Entries 61
o F Mean 13.85
N 400 - -~ Meany  298.4
2 F —— RMS 9.235
5350 F ‘\‘ RMSy  88.28
St = ‘
< 300 E- ——
300 E
2505—_._ | ——
200 |~
150 -
= We observe a dependence of the
'“Favalanche distribution from the
50 F angle of incidence!
O:""I""IIIIIIIII||||||||||||||||
0 5 10 15 20 25 30 35

Track polar angle (deg)

0° 10° 30°

RMS | 233um | 295um | 381 um
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Simulations in JLAB
conditions

Comparing the cascade SGEM model and the full 3SGEM model

results we can observe that:

. Stable and comparable results for the electric field;
e Good agreement when we change the mesh size or potential
values;

e Small but unexpected suppression in gain and efficiency in
the full SGEM model;

Reasonable predictions from
cascade model!!!!!

CHERNE19
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Simulations in Julich
conditions

We tested 4 modules and 1 reference module with known gain:

R1[Q)] R2[Q)] Rs[Q)] R4[Q)] Rs[Q)] Rs[Q)] R7[Q)] Rs[Q)]

Modulo0 | 441K 7.2 M 3.76 M 7.2 M 3.63 M 7.2 M 2.98 M 7.2 M

Modulo 1 441 K 7.2 M 3.92 M 7.2 M 3.57 M 7.2 M 3.57 M 7.2 M

Modulo2 | 441K 7.2 M 3.92 M 7.2 M 3.92M 7.2 M 3.92M 7.2 M

Modulo3 | 441K 7.2 M 3.76 M 7.2 M 3.66 M 7.2 M 2.98 M 7.2 M

Modulo rif. | 441 K 4.8 M 2.66 M 4.8 M 2.66 M 4.8 M 227 M 4.8 M

Relative Gainvs HV

Modulo 0
Modkdo 1

o
»

v  Modido 2
e Modido3

-
o

Relative Gain of module 2,

Relative gan

i~

tested in Julich is 1.7

(ne)m0d2 2
(ne)rif k&,

Relative Gain =
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Simulations in Julich
conditions

The relative gain of module 2 is :

Gre1 = 2.00 = 0.013

module2 Ref.module

e 8 B EEEE GBS
ST IO T[T [T [T [ IT T[T oooT

CHERNE19

h nt 10000 = F -
Entros 272487 F Entios 272387 L Entrios 135604 0000 |- Entias 135604
E Moan -0.008068 Moan-0.005518
Moan 0.000575%2 18000 - Moan 0.0008802 - AMS 001948 L AMS 002011
BMS 002243 E AMS  0.02137 - = L ==
18000 [~ 8000 [— L
E 000 (—
14000 |~
E 8000 |—
vm: 000 —
10000
soco - b I 4000 [—
0o -
oo - 00— 2000 [~
2000 -
F 0~ - a [, . ] Gl e e
aa g i L T T, %3 005 ° 005 01 015 02
x[em] 7 ylemi T v

Entries:272487 Entries:135604

Portopalo di Capo Passero, June 2-5 2019 Vanessa Brio mail: vanessa.brio@ct.infn.it



Conclusions

. Construction of two different model using ANSYS software and

GARFIELD++ tool.

Study about the charge distribution in the readout plane, avalanche

width, electric field value, gain etc.

e Confirmation that the gain and the avalanche width not depend on
the impact point of the primary particle but depend on the incidence

angle.

Comparison between cascade and full models and proof that the two

model give us the same results.

Simulations in Julich condition to compare the simulations data and

the real data from Julich test.

Confirmation that the gain obtained with the simulations is in

agreement with the real data.
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What’s next?

e Finish the simulations to compare
all the modules tested in Julich
. Create a real readout strip
geometry
. Use free program softwares,
GMSH and Elmer, and compare the
gain results with ANSYS results
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Sachs Form Factors

The electromagnetic structure of the nucleus, in the diffusion with an electron can
be described through the Sachs Form Factors:

Gp(Q?) = fd%pE(r)e z Gy (0% = Jd%pM(r)e
Spatial charge Magnetic
distribution Density

The Form Factors of the nucleons can be considered as the Fourier
transform in 3D of charge distribution and magnetic density

Rosenbluth Formula

o do d G2(0?% + 1Gi(0? 0
S \dQ dQ Vot l1+7 2
- Q2 = 2.5 GeV2/c?
< 2 e 2 Oe
e.ég (ﬁ) _ Zl6n2COS7
% .% dQ ) o 4p2sen4 —(1+ %Senzi )
- = g Q2
- AMc? Slope == Gwm
) 6 i I
S scattering angle Intercepts GE

1 1 ' M mass of the target
0 0,05 0,10 0,15

tan2(6/2)
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Recoil Polarization Method

| | IIIIII[ | | I][I[[] | | ]I]I]]I
Qattan (Jlab 2005) Friedrich+Walcher 2003 | Proton G’E/ GM
Christy (Jlab 2004) — — Kelly 2004 =
Andivahis (SLAC 1994) T

Walker (SLAC 1994) TT There is an unexpected
Borkowski (Mainz 1975) — . .
discrepancy for high value

Bartel (DESY 1973) A
Berger (Bonn 1971) 2
Litt (SLAC 1970) W ,3 Of Q
Bartel (DESY 1967)
Janssens (SLAC 1966)

=

X * O P> © O « » =B o

The ratio between Gg and Gum
decreases linearly with Q2

It is possible to measure, at the same
time, the transverse and the
longitudinal polarization component
of the recoil proton to obtain the ratio:

Paolone (Jlab 2010)
Ron (Jlab 2007)
Crawford (Bates 2007)
Hu (Jlab 2006)

Jones (Jlab 2006)
MacLachlan (Jlab 2006)
Punjabi (Jlab 2000/2005)
Strauch (Jlab 2003)
Gayou (Jlab 2002)
Dieterich (Mainz 2001)
= Pospischil (Mainz 2001)
» Gayou (Jlab 2001)

EEE R EEEERS"

GEP — _ME (Ebeam +Ee) tan 196

u

" = Milbrath (Bates 1993) s G P M P
Ll il | |1|1\| Mp ! p
10~ 1 10

E.= scattered electron energy

2 2 P= transverse polarization of proton
Q”/ (GeV/c ) Pi= longitudinal polarization of proton
Mp= proton mass
Oc= electron diffusion angle
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e - nucleon interaction

In the elastic scattering between an electron and a nucleon, there is the

exchange of a virtual photon

scattered recoil
electron nucleon

virtual
photon

incident target
electron nucleon

The cross - section of this process was given by
Rosenbluth and it is a good method up to Q%< 6 GeV?

CHERNE19 Portopalo di Capo Passero, June 2-5 2019
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e SBS main components: 48D48
Dipole Magnet

The Super Bigbite magnet is optimized for Form Factor
measurements

e [t provides adequate momentum
resolution (~1%) and large solid
angle (~70 msr) acceptance.

e Vertical aperture well matched
to electron arm while still
appropriate for AQz/Q2~ 0.1.

e Cut in yoke permits operating at
small angles where the recoil is

going.

The magnet weighs 100 tons total and consists of five iron slabs

Integral field strength =1.7-3T -m
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= SBS main components: HCAL-J

It’s a sampling calorimeter with a modular structure

288 modules (each 15x15 cm?) in a matrix of 24
modules in length and 12 in width
Weight ~ 40 tons

Iron thickness: 1.5 cm
Scintillator material PPO-only (2,5-

| ———TerNY ""1‘? -

N e Diphenyloxazole) thickness: 1.0 cm

‘_———'— ’, .——,mm.'“‘

it 2 A RO RN

§ TV ST YT YR

WLS placed at the center of the each module,
carries on the light on the PMTs

4 “crane-able” subassemblies and a Rollable
stand to move gantry + HCAL-J together
without need to disconnect cables.

INFN of Catania and CMU HCAL-J Requirements:
' -Linear energy response and
Wavelength Shifter good energy resolution,

BN  pVvT | -95% efficiency with trigger

threshold at 25% peak signal,
" | i drical - Spatial resolution ~ 5 cm rms,
ectangu ar to cylindriCa _ . .
Scintillators Light Guide Time resolution .< 1.0 ns rms,
Absorbers - Angular resolution 5 mrad.

l—.r_l
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~ SBS main components: First
and Back GEMs Trackers

FIRST TRACKER BACK TRACKER

STRUCTURE 6 GEM chambers 10 GEM chambers
TOTAL AREA 40 x150 cm? : 60 x 200 cm?

(3 triple-GEM modules) (4 triple-GEM modules)
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1.2

GMn experiment

= CLAS
s Lung

© Kubon
O Bartel
¥ Anderson & Anklin

¢ Arnold

T Ratio Method for GMn

Green band - Diehl
Solid - Miller
Dashed - Guidal

llllll

Use the ratio method requires the
measurement of both neutron-tagged,
d(e,e’'n), and proton-tagged, d(e,e’p),
quasi-elastic scattering from the

ll‘lll

llll |

BNL
Bichn
Target '

CHERNE19

Portopalo di Capo Passero,

deuteron. .
-: 7/6 n
L mpeemy 756
—5 RH = do R = do
- /
Gev?) wPeep) @ lptee)

Knowing the form factors of the proton we can extract the neutron magnetic form

factor from the previously ratio

Study of the magnetic Form
Factor of the neutron

Hadron Arm
HCalo

\

I Beam current: 10.5 pA

- - Target: 10 cm non-polarized
] liquid deuterium

Q2 range: 4.5 < Q2< 18.0 (GeV/c)?
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Electronics

GEMs system use the flexible electronics
developed by INFN around the APV25
chip, compliant with the

VME-VXS JLab standard and able to
transmit data over optical link.

Panasonic FPC coNNecioB s |
Analog driver (not used) |
Voitage rogulators RS—

Thermometer
< IvOut options .. R—

APV25 bondingsgn PCB

iput Protection diodes

Le carte di front-end utilizzate sono 18 per modulo e sono distribuite lungo i quattro lati del frame. Ogni carta di
front-end (FEC) contiene un chip APV25 (Analogue Pipeline Voltage), sviluppato da Imperial College London e
tale chip APV25 € un pipeline ASIC (Application Specific Integral Circuit) analogico con un output seriale. Esso
e stato progettato per tollerare alte quantita di radiazioni incidenti.
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1l coefficiente di diffusione in
argon
D =200 — 300cm./s

velocita di deriva tipica degli
elettroni secondari ~5—6 cm/

s

un percorso di circa 0.9 cm,
1 tempi massimi di
traversata

dell’intera GEM sono di
circa t ~ 150ns, mentre la
distribuzione

spaziale della valanga si

allarga di almeno
V2 % D # t ~ 90pm

h hi
Entries 376733 Entries 376733
Mean 0.0006492 Mean-0.001255
RMS  0.02118 RMS  0.01993

h2 h3
Entries 376733 Entries 376733
Mean 90.01 Mean 3.352
RMS 18.09 RMS 2.436




