
Attività Giu 09 - Giu 10
- LOI sulla spettroscopia adronica
- analisi completate 
- analisi in corso 
- attività hardware (EG6 + CD + GEM)

Forward tagger

Attività Giu 10 - Giu 11 
- analisi 
- hardware (FT + GEM) 

Attività Sezione di Genova

M. Battaglieri 80% 80%
R. De Vita 80% 80%
M. Osipenko 90% 90%
P.  Musico 50% 50%
G. Ricco 30% 30%
M.  Ripani 80% 80%

2010 2011

4.1 FTE 4.1 FTE







Attività Giu 09 – Giu 10

Analisi completate

M. Battaglieri et al. Phys.Rev.Lett. 102:102001,2009
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F2 nei nuclei A(e,e’)

M. Osipenko et al. Nucl.Phys. A accepted
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Analisi in progress

Spettroscopia barionica e mesonica

Semi-inclusivo

gp -> p w at 90 deg: PWG review done
gp -> L(1520) K+ : ready for PWG review

p(e,e’ p+)X: PWG review started
p(e,e’ p)X: almost ready for PWG review
p(e,e’ K)X: analysis started

GDH a basso Q2 (EG4)

g1(x) analysis on progress
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w photoproduction at 90°
The w differential cross section at 90° from g11

data set to test quark counting rules

Extended to higher photon energies CMU previous

The s dependence of ds/dt(90°) is smooth and does

not indicate significant oscillations

The fit of ds/dt(90°) with a power law s-C for s > 5.6
GeV2 yields a value of C=9.6±0.3 which is larger

than the naive prediction of s-7 for s-8 based on
counting rule
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L* photoproduction

L* production mechanism is still poorly
understood due to the lack of
experimental data

New CLAS results from g  will
provide new insight on the production
mechanism thanks to unprecedented
precision

g

g 

g 

g 

Results for differential , total cross
section and decay angular
distribution

Data analysis in the final stage

Analysis review to be started soon
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Introduction
• Goal: To measure the Generalized Gerasimov-Drell-Hearn (GDH) sum for proton 

& deuteron @ low Q2 (0.01 – 0.5 GeV2) region. (by measuring g1 and then its 
first  moment 1 )

Spokepersons

NH3: M. Battaglieri,   A. Deur,   R. De Vita,   M. Ripani (Contact) 
ND3: A. Deur (Contact),   G. Dodge,   K. Slifer

Graduate Students
K. Adhikari,  H. Kang,   K. Kovacs

INFN, JLab, ODU, Seoul U., U. Va. 

• Method of the experiment :

• measure the scattering of polarized 

electrons off polarized targets down to 

6° scattering angles (to achieve the 

needed low Q2 )

• g1 to be extracted from the helicity 
dependent absolute inclusive cross-
section difference .

• Data taken from February to May, 2006.



Importance Generalized GDH Sum Rule

• Generalized GDH Sum Rule provides useful tool to study a transition 

from partonic to hadronic descriptions of Strong interaction.

– Bjorken (large Q2) and GDH (Q2=0) sum rules are two limiting cases

– High Q2 (>  ~1 GeV2): Operator Product Expansion

– Intermediate Q2 region:  Lattice QCD calculations

– Low Q2 region (<  ~0.1 GeV2): Chiral Perturbation Theory 

Calculations: 

Relativistic Baryon cPT with D, Bernard, Hemmert, Meissner;

Heavy Baryon cPT, Ji, Kao, Osborne; Kao, Spitzenberg, Vanderhaeghen

– The experimental measurement of the GDH integral will be very important to 

test and constrain such calculations.



•(Longitudinally) polarized standard CLAS  NH3 and 
ND3 targets.

•Longitudinally polarized electron beam (Pb ~ 
80%) at energies 3.0, 2.3, 2.0, (1.5), 1.3 & 1.0 
GeV. (1.5  for commissioning)

• New Cherenkov detector (INFN –

Genova) installed in  sector-6. (For 

uniform detection efficiency at low Q2

and to extend coverage for small 
scattering angles (down to 6 degrees) 

• Out-bending torus field.

• New Moeller Shield (Tungsten).

•Targets in retracted position (-1m)

EG4 Experimental Set-Up



GSIM Results from M. Ripani and V. Drozdov

Packing fraction for beam energy 1.339 
GeV

• Packing fraction extracted by fitting experimental 
data to simulated data (which consists of model inputs 
for some well known contributions to the cross-
sections)
• Two fit parameters - packing fraction and contribution 
from 15N nuclear elastic peak. 

•Simulation/model data
• Experimental data
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- Results in the ballpark but large fluctuations due to nuclear contributions, difficulty with 
fitting both sharp peaks and broad structures
- Will soon switch to polarized elastic difference where nuclear contributions cancel



- Elettronica per EG6
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- Attività  sulla lettura delle GEM

Attività hardware
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EG6: Meson spectroscopy in coherent production on 4He 
and DVCS on 4He target

• Use rTPC installed in CLAS to detect 
recoiling 4He

• Cylindrical GEMs readout by ALICE TPC 
electronics

• First used for BoNuS run with strong 
rate limitation (500Hz)

• Upgrade of readout electronics based 
on new RCU supporting pipeline mode

• Redesign of backplanes for FEC and 
RCU and optimization of operation 
mode with full implementation of 
pipeline multi-branch readout

• New setup reached the planned 3 KHz 
rate with 80% LT

• Experiment completed successfully in 
Fall 2009

RCU

Backplane

Branch BBranch A
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Work Plan and Goals
• Limited clearance and strong magnetic field (5 

Tesla) put strong constraints on the choice of the 
light sensor for the CLAS12 Central Neutron 
Detector (CND)

• Silicon Photomultipliers are a possible solution 
for both issues

• Timing properties of SIPM needs to be tested to 
verify their compliance to detector specification 
for neutron/photon separation

• Sensors under tests

– Hamamatsu 3x3 mm2 (25 um and 100 um 
pixel) 

– Hamamatsu 2x2 and 4x4 matrices (6x6 mm2

and 12 x12 mm2)

– SensL 1x1 mm2 and array

CND:
• barrel of plastic scintillator paddles 
located between the CTOF and the 5-
Tesla solenoid 

•Dimensions: 
OR=39cm, IR= 28cm, L = 66 cm



Test Setup
• COSMIC RAY MEASUREMENTS

• system of 3 scintillator bars (50x20x600 mm3) 
read out by fast PMT (R2083) and SiPM

• typical energy deposition by cosmic rays is 4 MeV 
 threshold for neutron detection selected from 
MC simulation

• Use top and bottom bar for triggering and 
determine SIPM time resolutions from 
distribution of 
DT= TSIPM+T4-(T1+T2)/2-(T5+T6)/2

• Sr90 SOURCE MEASUREMENT
• Use small cylindrical scintillator (R = 1 cm, L = 1 

cm) coupled to fast PMT (R2083) and SiPM
• Signal from Sr90 source (b, Emax2 MeV)
• Timing resolution determined from distribution of 

DT= TSIPM-TPMT

• Smaller energy deposition but better light 
collection efficiency

PMT2PMT1

PMT4SIPM

PMT6PMT5

PMT SIPM

Sr90



Electronics

• Readout based on commercial VME 
electronics (CAEN)

– VME Optical-Fiber Controller (v2718)

– Leading Edge (v895) and Constant Fraction 
(v812) Discriminator

– Programmable (FPGA-based) Logic board 
(v1495)

• Works on internal 200 MHz clock (5 ns 
lookup)

• Builds the trigger requiring the coincidence 
of the left and right PMT of each paddle

• Number of ‘pairs’ set via software

– QDC (v792, 0.1pC/ch resolution)

– TDC (v775, 37ps/ch resolution)

• DAQ code running on linux

•SiPM signal 

–EUSO preamplifier (x100)

–NINO chip (preamplifier + fast discriminator)

–KLOE electronics



Cosmic Ray Setup: 
first calibration with 6 PMTs

Calibration of the setup using        
6 PMTs (4 XP2020 and 2 R2083)

• PMT HV adjusted to equalize QDC  
spectrum peaks at 500 channels
•Time offset correction to “align” PMT 
signals
•Time walk correction to account for 
charge dependence

DT= [(T1+T2)/2+(T5+T6)/2
-(T3+T4)]/√6

s(DT)= s(TOF)

s (TOF)≈ 57 ps



3x3 mm2 SIPM
Hamamatsu
S10931-025P
Active area: 3 x 3 mm, 
pitch: 25 um, Surface 
mount type 

Hamamatsu
S10362-33-100C
Active area: 3 x 3 mm, 
pitch: 100 um, ceramic 
package 



SIPM Charge Distribution
• EUSO pre-amp

• Built trigger using top and bottom 
scintillator paddle

• Looked at SIPM charge distribution 
for selected cosmic rays (red) and 
noise (black)

• No single photoelectron peaks 
visible in the spectrum because of 
noise on preamp (can be 
improved)

• Number of photoelectrons was 
derived by normalizing to spe 
charge estimated from oscilloscope 
signals

• Average charge and number of 
photoelectrons compatible with 
expectation based on scintillator 
light yield, attenuation, SIPM 
surface and QE

~ 20 p.e.
Hamamatsu

S10362-33-100C
Filling Factor ~78%

~ 7-8 p.e. Hamamatsu

S10931-025P 
Filling Factor ~30%



SIPM Time Resolution

Hamamatsu

S10362-33-100C
sT  620 ps

Hamamatsu

S10931-025P 
sT  760 ps

•Time resolution of the SIPM 
of the order of 600-800 ps, 
depending on the SIPM pixel 
size 

•Time resolution is close to 
single photoelectron 
resolution provided by 
Hamamatsu

• The resolution is limited 
because of the small number 
of photoelectrons 

• We measure the arrival 
time of the first 
photoelectron resulting from 
the scintillator light



Measurement with Sr90 source

Hamamatsu

S10362-33-100C

• Measurements with Sr90 
source allow to rich higher 
number of photoelectrons 
because of the larger ration 
between SIPM and scintillator 
surface

• Larger statistics allows to study 
the time response as a 
function of the charge or Npe



Timing Resolution
• Measurements with both 

25 um and 100 um pixel 
SIPM

• Timing resolution derived 
by fitting DT= (TSIPM-TPMT) 
distribution as a function of 
the SIPM charge

• Maximum resolution of the 
order of 350 ps for the 
largest collected charge

• Dependence on the 
threshold observed 



Timing Resolution
• Improvement in resolution 

achieved by performing 
time-walk correction

250 ps 

• Good agreement of 
measurements performed 
with different sensor when 
plotted as a function of Npe

• Sr90-source and cosmic ray 
measurements are 
consistent



First Measurement with NINO

• Sr90 setup

• Hamamatsu S10931-
25p SIPM

• Selected head of b 

spectrum by cutting on 
the PMT charge 
distribution

• Time resolution with no 
time walk correction is 
 260 ps (better than 
EUSO!)

• Promising choice as 
front-end electronics 
for time measurements
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34

Front End Card (Proto 0)
GEM  FEC  ADC+VME Controller  DAQ

Front End card based on

the APV25 chip

1 FE = 1 APV25 = 128 chs

Analog

Output

Panasonic FPC

connectors 
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APV25 bonding

on PCB

Voltage regulators

Analog

DriverThermometer

Digital IN

Power Line

I2C

Evaristo’s talk!



Attività R&D per il Forward Tagger

Attività Giu 09 – Giu 10



A Forward Photon Tagger for CLAS12

• electron beam on target, 
electrons scattered between 
2 and 5 deg. are detected

• hadronic final state is 
detected in CLAS12

• high electromagnetic 
background and radiation 
levels

• limited space

• Compatible with standard 
electron runs (HTCC)

• Photon detector for leading 
DVCS experiments

• Extend the CLAS12 coverage 
for neutral from 5 to 2 deg.

Forward
Electromagnetic 

Calorimeter

Forward Time 
of Flight

Drift Chambers

Preshower 
Calorimeter

Central 
Detector

High-Threshold 
Cerenkov 

Counter

Torus Magnet

Forward Tagger













GEANT4 Simulations
The geometry of the Forward 
Tagger Calorimeter based on the 
PbW04 crystals has been 
implemented in GEMC

•408 crystals
•15x15x200 mm size
•Coverage from 1.8 to 5.2 deg.
•Tungsten beam pipe to shield from 
beam halo



GEANT4 Simulations

Integration within the CLAS12 
Geometry Completed and massive 
simulations of detector response in 
progress



GEANT4 Simulations
Massive simulations of 
electromagnetic 
background to determine:

1)Rates
2)Radiation dose
3)Optimize Moeller 
shield

in progress



Forward Tagger Mechanics

• The Forward Tagger weight is ~300 kg

• The main support will be an aluminium alloy plate placed

downstream w.r.t. the crystals

• The same plate will be cooled to the working

temperature and provide thermal reference for the whole

detector

• The crystals will be placed in carbon fibre baskets

attached to the support plate

• Each basket will contain 4 crystals and the readout

detectors with the front-end electronics

• Only the cables will be routed through the support plates

• Mechanical and thermal design in collaboration with

ORSAY Detector Group (CLAS-IC and PANDA-EC

design)



support structure

electronics & SiPM



crystals

electronics enclosure



carbon fibre housing

outer support structure not shown



Tracking
Electron track reconstructed 
by tracking detectors located 
between the CD and the FT:

• Determine impact point on the 
calorimeter

• Reduce background by matching 
info from different detector 
systems

• Act as a veto for neutrals
• Sensitivity to particle momentum 

due to the f bend in the solenoid 
field

Tracking planes location

1. Extend the forward tracking 
capability down to 2deg

2. Add a new plane in front of the 
calorimeter



Tracking

Principle:
• electrons emitted at small 

angles are bent by the 
solenoid field

• the net effect is rotation in f
of the track with negligible 
modifications of the polar 
angle

• the rotation is induced by 
the component of the 
solenoid field perpendicular 
to the tracks

• first tracking plane should 
be between 1 m from the 
target

q=3 deg electron track



Tracking
This effect can be exploited 
to infer the electron 
momentum from the 
measured phi rotation

For p> 500 MeV:
• one-to-one relation 
between momentum and phi 
rotation
•no significant dependence 
on the polar angle



Tracking
First estimate based on GEANT simulations 
shows that % resolution on momentum 
and angles can be achieved with 2 
tracking planes located in between the 
CD and FT calorimeter and spatial 
resolution of ~100um

Full study in progress with the help of 
Sebatien Procureur and the Saclay Group



Bilancio attività 2010

31-12-2010

test sui prototipi del rivelatore centrale per neutroni di CLAS12: 100%

31-12-2010

conclusione simulazioni e allestimento facility per i test su componenti 

calorimetro del Forward tagger per CLAS12 75%

31-12-2010

sottomissione per pubblicazione dei seguenti lavori: 1)misura sezione d'urto 

gamma n->k+sigma- 2) misura correlazioni ed effetti relativistici nel piombo 

3) misura dei momenti della funzione di struttura F2 nei nuclei 100% 

31-12-2009 

Presa dati esperimento eg6 sulla spettroscopia mesonica in sala B 

31-12-2009 

test e installazione elettronica di front-end RTPC (EG6)

31-12-2009

primi risultati di fisica esperimento su GDH a basso  Q2

100%

100%

100%



Analisi
- proseguimento tutte le analisi in corso
- semi-inclusivo con neutroni

- spettroscopia mesonica da g12 g p -> p h p0

- Full proposal al PAC Jan-11 spettroscopia mesonica

Hardware e R&D
- Conclusione studi con GEANT4 del calorimetro
- Progetto meccanico preliminare calorimetro
- Prototipo di FT con cristalli di PbWO e test alla BTF

- Proseguimento sviluppo FE per GEM (test su prototipi 
e produzione)

- Central Neutron Detector: coinvolgimento se la 
collaborazione deciderà di usare i SiPM

Attività Giu10-Giu11


