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Definition of EM elastic nucleon Form Factors

The hadronic current:
— o fiaials 5
‘7ha(11(mlc = C)N(p,) ,YuFl (QQ) , FQ(QQ) ( )
2M .\

Dirac FF Pauli FF

The Sachs FFs:
GE = Fy — tF5 and GM = Fy + F5

where
2
A= Q /4Mnucleon

d d E'| G2 +7G2

g0 _ 99 ETT M 4+ 27GZ tan? =

dQ2  dQ2 Mot E 147 2| GE contribution

suppressed at
F2 =0 or Gg = G for pointlike particle high Q2

n _ ng TR
GE.r = 2.,6¢G .y flavour decomposition
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The “ultimate” description of the nucleon

Probability (h—0) to find
a quark u in a nucleon P
with a given polarization
in a position r and
momentum x, Ky

L [d?%k
[ d*F f(FT)T
TMD PDFs GPDs
FU(x, kr). .. Hu(x,&,1). ..
(SIDIS | 7\
[ d? kr iig | dx I
[EXCILEive Reactionsj
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Proton and Neutron G./G,,

Proton Neutron
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Gup |:>I 2M 2 — proton behaviour: G;/G,,—constant ?

(not yet)

Longitudinal P, and transverse P, e Limited statistics

polarizations of the scattered proton
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(Recent) FF Flavour decomposition
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Physics goals and experimental challenges

Determination electrical form factors at high Q2 in the regime of
valence quark dominance.

Perform precision measurements of the magnetic form factors
Uncover the origin of the GEp/GMp fall in the Q2-dependence
Provide flavor decomposition of the nucleon form factors at small

Impact parameter (constraint GPDs)
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CEBAF in 2014

, * Linear recirculating e-
Arc | accelerator with
" superconductive cavities

* High lin. polarized beam
* High current (100 pA)

* Max. energy 12 GeV

» 100% duty factor

~ + Beam released
simultaneously on 4
experimental Halls: A, B, C

Injector



. 2015
/ ($ 5M)

2018
($ 20M)

+ other dedicated detectors and large
selection of targets
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JLab/Hall A

GEpb5 configuration Hadron Calorim

Gas Electron
Multiplier Trackers
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FF Propose
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(Ge/Gm)? + (t+21(1 + 1) tan2(0/2))
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d Measurements at high Q2
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G°/G,,° Experiment’s Figure of Merit

For polarization transfer experiment with recoil 015
polarization measurement: '

FOM x o - PP - (Pe- A, /k)?-Q - L

A 1 2M
2/ 1,08 . A ,
ox E5/Q"-1/Q° ; kocQz T E

€PP = Proton polarimeter efficiency
P. = Beam polarization :
‘ 10000

ePP-Pg-Q-L Eztan—2§
Q16 " (E+E)2

‘ 100

Using AQ%/Q?=10% as baseline
(due to fast fall of statistics with Q2)

0.05f

A G /G

0
_]_ 7
tan 5

FOM

5 10
E, = Beam Energy (GeV)

Maximize Luminosity (L) and polarimeter efficiency (€PP)

Match electron and hadron acceptances
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SuperBigbite Spectrometer in Hall A

Large luminosity
Moderate acceptance Hadron Calorime‘re

%

Forward angles

Gas Electron
Reconfigurable detectors Multiplier Trackers

MC‘Q" 0}
Background:

Photons up to 250 MHz/cm?
Electrons 160 kHz/cm?

© © ¢ ¢

Electron beam

Electronics for:
« Small silicon detector (SiD)

* Front GEM tracker

» Large backward GEM trackers

= >100k channels




Some challenging experiments in Hall A

Experiment Luminosity Tracking Area Resolution
(s-cm2?)? (cm?) Angular Vertex Momentum
(mrad) (mm) (%)
GMn - GEn up to 7-10%7 40x150 <1 <2 0.5%
E - : and 50x200
QEB,(,,,S) up to 40x120, <0.7 ~1 0.5%
BNL L\L,\: CE\M GL““ HCalo 8'1038 50X200 and ~1'5
. m | | g 80x300
=g Most g Mar
n dlng
~ sibis up to 21037 40x120, ~05 ~1 <1%
- ﬂ 40x150 and
S 50x200
B'“B\“e ,\‘Ogcmr .
o O High Large Down to ~ 70 um
Rates Area spatial resolution

Maximum reusability: same detectors in different experimental configuration
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Choice of the technology

_ Tracking Technology
System Requirements Drift MPGD Silicon
High Background Hit Rate:
NO MHz/mm? | MHz/mm?
(low energy v and e) 1 MHz/cm?
High Resolution (down to): _
Achievable | 50 pm 30 um
70 pm
Large Area:
J YES Doable Very_
from 40x150 to 80x300 cm? Expensive
|
v v

and modular: reuse in iy s
different geometrical T

conﬂguratlons Flexibility in readout geometry and

lower spark rate (true in 2010)
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GEM work

Ionizing\Particle

GEM foil: 50 um Kapton + few
um copper on both sides with
70 um holes, 140 um pitch

- | Drift Cathode
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Strong electrostatic
field in the GEM holes

Recent technology: F. Sauli, Nucl. Instrum. Methods A386(1997)531

Readout independent from ionization and multiplication stages
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Gas Flow / COMSOL MultiPhysics Simulation

Time=2 Surface: Velocity magnitude (m/s) Streamline: Velocity field vy
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i e .. . .
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Q
= RT3 T A o
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GEM chamber

O FE cards between frame and backplanes

Service e
Frame

780 mm

1650 mm

Use the same basic 40x50 cm2 3GEM module for all
tracker

Size defined by technological limits (2010), maximum
expected occupancy, capacitive noise of the strips

6 large chambers as combination of GEM modules
with small dead area

x/y readout on the same module (a la COMPASS)




MonteCarlo + Digitazation + Tracking

htemp
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Electronics Components
onpring GEM = FEC 4.0 = MPD = DAQ

2D readout

| i
l
Passive backplane ]
Main features:

(optional) qy
« Use analog readout APV25 chips
2 “active” components: Front-End card and VMEG64x custom module
Copper cables between front-end and VME
Optional backplane (user designed) acting as signal bus, electrical
shielding, GND distributor and mechanical support
Flex adapters available for “standard” PANASONIC GEM connectors.




Silicon Detector module

6.5
Chi |1|1n11 < RH‘ 8.5mm ‘H 8.5mm
ip overa ;
< 103500 + 40 >
i 30000 q
a* gl
Smm  § -’% @ I J " ¢
b =
10mm e B k Smm
1 d
& .
3 JLAB12 custom design
\ "
aé on 6” (152mm) wafer
\
E ﬁl Lo I Y o
& | =r
E = P o H |+
: = ) strip direction - AR
N S|
1 number of strips : 20708 pitch = 50 um S =
= strip leng 8500 (No. 1-100)(
strip Iength 95500 (No. 101-300)B)
(No. 1871-2070)C)
strip length 103500 (No. 301-18700D)
g |:| no patten area
4 T (can use mechanical support)
10mm I __l @ vV

h i
uSiD composed by 2 planes (x/y) each made of 2 of the above modules
Maximize area, large segmentation, keep cost reasonable



Diseqgno finale del PCB X rigido con il piano di massa sagomato

60nA \ \ \ \ \ \ \ \ \ \

50nA / \ SNR Analysis of the fan-out -

40nA \

30nA \
20nA \
1004 |/ \‘\
—
- =
<>

-188A 2044%40ns 60ns 80ns 100nSL20nsL40NSL60NSL80NL00NL20NL40NL60NL80rBO0N

\

pUMMY CHIP

Multilayer bonding pads
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Used for: trigger, PID and

neutron «tracker»

— —=— X resolution

10°

T . . JLab kinematics |-—= Yresolution
24y : : : :
.: L H
L2 r
= -
3 3
[=] -
w L
2
: _
o
= C
g -
[« _
A A I I D B P B B
5 10 15 20 25 30 35 40
Neutron momentum [GeV]
10°g
E 8.8 GeV, 60uA; [80 mg/cm® He3 + 21 mg/em? Al
©  HCal Detector at 17 m, 17.5%, SBS Magnet at 1.6 m, H ={14 kG
105L Lype I = Ny = 2.8 % 107 (el = nuelificm” = sech
ﬁ‘w": 4 signal' thresh.
T E
E C 1% signal thresh.
g10° i
. E ' J\
] C
_g"]z L 1 : h
= E Energy deposition in HCal 4
= E for 10 GeV muons .
B for 5 G4V neutrons =
10; J i \
C 1l
1 +
E LT 1 1 LPFLIIL'"I\"-LI. IL1J-IIIIIII
107 10 102
Amplitude (MeVee)

GEANT4 tuned by COMPASS data
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HCAL-J

« Match acceptance of
SBS
magnet/polarimeter

* Run with high
threshold while
maintaining high
trigger efficiency

24 Modules (360cm)

N

. . X
Design derived from A
COMPASS HCAL1 %

{y
Iron plates + Scintillators + WLS 03,
+ Light Guide o

* Linear energy response
* 5 mrad angular resolution
* 0.5 ns time resolution

E. Cisbani/ FF & SBS 21 of 15



Time resolution

Simulation using faster waveshifter dye
and PMTs
— meets SBS requirements

To be confirmed/ with prototype HCAL

module INFN-CT Task

Need optimization of design and coupling
of scintillator-WLS-Light Guide — min cost

Mid WLS to reduce
scintillator absorbtion

1000

800

................

FWHM=1.12 ns
% =0.48 ns

GEANT4
simulation

400 ................................. ...................... .......................
200 “ ...................... .......................
- |G
0 12 14 16

Time (ns)
PPO Emission and POPOP Abs & Emission Spectra
m— Scintillator
ABSORPT| POPOP . .
esson | @MISSION
not
matched to
fast WS
\ absorption
PPO
EMISSION
7
/
4
1




Conclusion
SBS expected to be in place in 2015

Front tracker essential to operate SBS in high luminosity
(likely to be used in Aln DIS experiment before SBS
experimes)

Pre-production started

HCAL-J fundamental in all SBS experiments for proton and
neutron detection — need optimization of time resolution.
Finalize prototyping in 2013

Bright future for the nucleon structure investigation by EM
form factors



1815

1897

1909

1913

1917

1928

1933

1935

1947

1954

1960-70

1980-

2000

Prout: all atoms composed of H atoms (protyles)

Thomson: discover the «corpuscles» (electrons) =
atoms are not the smallest possible division of
matter

Geiger/Marsden/Rutherford: classic model of the
atom

Bohr: new model fo the atom

Lamb and Retherford measure the Lamb shift =
modern QED

50 years to undestand the atom structure
80 years passed from the first evidence of the structure of the nucleon

19/Dec/2012 - LNF

Discovery of the nucleus

Rutherford/Moseley discover the proton and first hypothesis
of the neutron

Chadwick discover the neutron

Stern: measure the proton magnetic moment = first
evidence on internal structure of the nucleon

Yukawa: meson theory

Powell et al.: discover the pion

Hofstadter: First measurements of the elastic scattering, Form
Factors, measure of proton radius

DIS, scaling and parton model
Spin crisis, nucleon transverse momentum (spin) structure

New measurmenets of the proton form factors

E. Cisbani / FF & SBS 24
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Support slides
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Scattering
ccccccc
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Experimental Halls a

LT

fter 2014

w The GlueX/Hall D Project

Hall A Hall B/CLAS12 Hall C Hall D/GLUEX
High res. Mom. spect. New ~4x toroid 2 Asymmetric Excellent hermetic
Large angular and detector with spectrometers, coverage,
momentum, high lumi extended hadron ID | Super high momentum Solenoid field
spect. with hadron ID spectrometer

Neutron detector
‘Solid’ detector
‘Moller’ detector
New beam line

Dedicated equipment

High multiplicity
reconstruction

100 pA beam
Lumi: 1038 cm=2 st

Forward tagger for
quasi-real photons

100 pA beam
Lumi: 1038 cm=2 s-1

108 linearly polarized
<12 GeV real y/s

3He T/L, H to Pb unpol

NH3/ND3 long/trans
H/D target (?)

NH,/ND4 Polarized long.
target, H to Pb unpol

hallaweb.jlab.org

www.jlab.org/Hall-B

www.jlab.org/Hall-C

www.jlab.org/Hall-D
www.gluex.org
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The integral of H9 and E9 over x is given by F; and F>
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Shown above with the white bands are the regions of x that contribute 90% of

I the integral's strength (in this case for the proton.)

1b/2012
To constraint the GPDs at high x, where valence quarks dominate, we need to

to know the form factors at high Q?
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Plans for Nucleon Form Factors in Hall A

Proton magnetic form factor, GMp: E12-07-108

Proton form factors ratio, GEp/GMp: E12-07-109

Proton Arm
GEM
INFN GEM
l_aNL GEM HCalo
BigBen \ \
Target 1 .
Beam | | T - - SESEY _f'--f_'i,.t:':, il
LAY TS
VN
v “““«-\_E_\

7~ Lead-glass

Al filter -~ = €
- Calorimeter

GEM
19/Dec/2012 - LNF

Neutron/proton form factors ratio, GMn/GMp: E12-09-019

Hadron Arm
BNL
BigBen
Target
. 17m .
— N\a——
Beam \\"‘“‘\

BigBite

Electron Arm

Neutron form factors ratio, GEn/GMn: E12-09-016

Hadron Arm
BNL
BigBen
Target
- 17m ==
— Na—
Beam M

BigBite

Electron Arm
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