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A new Large-Ac cep tance For ward An gle Spec trom e ter (Super BigBite) is un der de vel op ment 
at JLab/Hall A to op ti mally ex ploit the ex cit ing op por tu ni ties of fered by the 12 GeV up grade
of the elec tron beam. The track ing of this new ap pa ra tus is based on the gas elec tron mul ti -
plier tech nol ogy, which has been cho sen to op ti mize cost/per for mance, po si tion res o lu tion
and meet the high hits rate (>1 MHz/cm2).
The first gas elec tron mul ti plier de tec tor pro to types were de signed, built and tested at the
DESY test beam fa cil ity in Ham burg, by us ing an elec tron beam with en ergy from 2.0 to 6.0
GeV. In par tic u lar, two gas elec tron mul ti plier cham bers (10 ´ 10 cm2 and 40 ´ 50 cm2, re -
spec tively) were equipped with a new im ple men ta tion of the APV25 read out chip. Mea sure -
ments were per formed at dif fer ent im pact points and an gles be tween the elec tron beam and
the plane of the gas elec tron mul ti plier cham bers.
In this re port we pres ent the tech ni cal char ac ter is tics of the de tec tor and com ment on the
pres ently achieved per for mance.
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IN TRO DUC TION

The Jef fer son lab o ra tory (JLab) [1] is one of the
most im por tant ex per i men tal fa cil i ties pro vid ing a multi
GeV, high in ten sity, lon gi tu di nally po lar ized, elec tron
beam. The lab o ra tory is un der go ing a ma jor up grade of
its CEBAF elec tron beam and ex per i men tal halls. In late
2013, CEBAF will de liver elec tron with en ergy up 12
GeV (twice the pres ent limit) with ex cel lent in ten sity (up
to 100 µA) and lon gi tu di nal po lar iza tion (up to 85%). In
or der to take ad van tage of the new sce nario, the
equipments of 3 ex ist ing ex per i men tal Halls are un der
up grad ing to op ti mally ex ploit the op por tu ni ties of the
new beam. In par tic u lar, mem bers of Hall A col lab o ra -
tion are de vel op ing a new re con fig ur able spec trom e ter,
the Super BigBite (SBS [2], fig. 1), fea tur ing very for -
ward an gle (down to 7 de gree), large mo men tum (2-10
GeV/c) and an gu lar  (64  mrad)   ac cep tance,  high   rate  
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* Cor re spond ing au thor; e-mail: francesco.mammoliti@ct.infn.it Fig ure 1. Sche matic lay out of the SBS spec trom e ter



ca pa bil ity (1 MHz/cm2) and very high lu mi nos ity en vi -
ron ment (up to 1039/(scm2)). The new spec trom e ter will
con sist, in its full con fig u ra tion, of a di pole mag net with
field in te gral up to 3 Tm (it will op er ate at about 2 Tm), a
pri mary charged par ti cle tracker (first tracker), 2 iden ti -
cal pro ton polarimeters (made of a car bon an a lyzer and
large tracker), and an had ron cal o rim e ter. SBS will ini -
tially serve 4 ex per i ments [3] ded i cated to the study of the 
nu cleon struc ture in terms of elas tic elec tro mag netic
form   fac tors   at  high 4-mo men tum  trans fer  Q2  up  to
15 GeV2 and of trans verse mo men tum dis tri bu tions of
the quarks in the semi in clu sive deep in elas tic scat ter ing
(SIDIS) re gion. The track ing sys tems of SBS will be
mainly based on the gas elec tron mul ti plier (GEM)
cham bers. In the next sec tion the main fea tures of the
SBS tracker and of the GEM de tec tor will be pre sented
and fi nally the pre lim i nary re sults of the test per formed at 
DESY will be dis cussed.

SBS TRACKER AND GEM DE TEC TOR

The SBS track ing sys tem is made of three sta -
tions. The pri mary (front) tracker, placed just af ter the
di pole mo men tum an a lyz ing mag net, will con sist of
six large area (40 cm ´ 150 cm) and high res o lu tion
(~70 µm) GEM cham bers, for a to tal tracker length of
about 50 cm. Each cham ber is made by 3 ad ja cent
GEM mod ules of 40 cm ´  50 cm ac tive rect an gu lar
area, for a to tal  of 18 mod ules. It is de signed to be ca -
pa ble to track ac cu rately par ti cles emerg ing from the
elec tron scat ter ing  in  a  large  back ground  of  soft 
pho tons (~0.5 MHz/cm2) and MIPs (~0.2 MHz/cm2).
The pri mary track ing will be re in forced by com bi na -
tion with two small (10 mm ́  20 mm) planes of sil i con
µstrips placed in prox im ity of the tar get. The other sta -
tions are meant to track par ti cles af ter a po lar iza tion
an a lyzer wall and will re quire less ac cu racy. The pri -
mary tracker is un der the re spon si bil ity of INFN
groups.

GEM tech nol ogy [4] has been cho sen to op ti mize
cost/per for mance, po si tion res o lu tion and meet the high 
rate (>1 MHz/cm2) [5]. The sin gle mod ule is made of 3
GEM  foils  and  dou ble  layer x/y  strips  read out  with
400 µm strip pitch. The 8 mm wide me chan i cal frame
in cor po rates high volt age feed ing pro tec tion re sis tors
and gas in let/out let holes. The sig nals from each tri ple
GEM mod ule are read out in two co or di nates through
COM PASS-like [6] strip con duc tors planes.

The  front-end  elec tron ics  [7]  (FE)  for  the
~100 K chan nels of the tracker is based on the APV25
[8] chip, suc cess fully used in the LHC ex per i ment
CMS. The APV25  is  a  se rial out put an a logue ASIC
run ning at 40 MHz. The FE cards, each with 128 chan -
nels, are placed around the GEM mod ule. Cus tom
backplanes are used to dis trib ute power and con trol to
the FE cards and to col lect the an a logue out puts.

In fig. 2 a fully equipped 40 cm ´ 50 cm GEM
mod ule pro to type set-up un der test at DESY is shown.
The mod ule is equipped with the APV25 elec tron ics
and 18 front-end cards are lo cated be hind the 4 rect an -
gu lar backplanes that sit along the 4 sides of the mod -
ule. Dur ing the test, a gas  mix ture of Ar (70%) and
CO2 (30%) has been used and HV has been pow ered
by the first ver sion of the HV-GEM sys tem [9] pro vid -
ing seven in de pend ent HV lev els. More over, pre cise
track ing has been per formed by small sil i con strip de -
tec tors lo cated be fore the GEM.

The test has been per formed in the T22 DESY
Test elec tron/pos i tron beam area [10]. The test beam is
orig i nated from the lep ton syn chro tron DESY II by
con verted brems strah lung on car bon fi ber tar get. The
en ergy of the beam var ies be tween about 1 and 6 GeV/c
with typ i cal in ten sity of 1000 par ti cle/(scm2) (di ver -
gence is about 2 mrad). 

DATA ANAL Y SIS AND DIS CUS SION

In this sec tion we pres ent pre lim i nary re sults of
data anal y sis per formed on about 60 beam runs ob -
tained  by us ing two GEM cham ber pro to types (10 cm ́
10 cm and 40 cm ́  50 cm, re spec tively). Both cham bers 
were read out by the APV elec tron ics which were un der
de vel op ment at the same time. Dur ing the test, dif fer ent
con fig u ra tion have been used: en ergy of the elec tron
beam (from 2.0 to 6.0 GeV), HV set tings, an gle be -
tween the beam and the plane of the cham ber and po si -
tion of the cham ber with re spect to the beam. More over, 
in or der to have ped es tals, with out beam runs were ac -
quired.

RMS mean val ues for each front-end card ob -
tained by us ing the 40 cm ́  50 cm GEM cham ber and
by us ing both cham bers for dif fer ent ped es tal runs
were es ti mated. In both cases (sin gle or dou ble GEM
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Fig ure 2. Fully equipped GEM mod ule



cham ber), the val ues of a sin gle front-end card RMS
are very sim i lar in dif fer ent runs.

Stan dard anal y sis pro cess in cludes: hot chan nels 
mask ing, com mon noise sup pres sion and ped es tal
sub trac tion. In fig. 3 a spec trum of ADC sig nal vs.
num ber of strips be fore (top pan els) and af ter (bot tom
pan els) the ped es tal sup pres sion, ob tained by us ing a
sin gle GEM cham ber (40 cm ́  50 cm), is shown. In the 
x-di rec tion, the sig nal is pres ent af ter the strip 200 and, 
in the y-di rec tion, af ter the strip 800; each strip has a
size of 0.4 mm.

In or der to se lect the sin gle events of a run, each
axis is di vided in two re gions: empty re gion (where
sig nal is not ex pected) and beam re gion of about 2 cm
(where the beam is ex pected to pass) where  the charge
max i mum, maxB, and its po si tion, pos(maxB), are
searched (fig. 4). More over, peak re gion is de fined as
pos(maxB) ± 10 bins and the base line as the mean
charge mB cal cu lated in the beam re gion ex clud ing the
peak re gion. The level of noise is rep re sented by the
root mean square of the strip charge RMSE eval u ated
in the empty re gion. Events have been clas si fied as
“good” if (maxB – mB) / RMSE  > 2,  all the re main ing
are “noisy events”.

Cen troid eval u a tion has been per formed for both 
x- and y-di rec tions (fig. 5-top and 5-bot tom), and a
value of about 4-6 mm (sim i lar to the nom i nal value of
the spot size) has been mea sured.

The clas si fi ca tion cri te ria pro vide a rea son able
pro file of the beam, re ported in fig. 6-top. In fig. 6-bot -
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Fig ure 3. Spec trum with out (top pan els) and with
(bot tom pan els) ped es tal sub trac tion, both in the x- and
y-di rec tions

Fig ure 4. Typ i cal “good” event re corded (x-di rec tion).
empty, beam, and peak re gions are pointed out

Fig ure  5. Cen troid eval u a tion for both x- and
y-di rec tions (top and bot tom panel, re spec tively)

Fig ure 6. Beam pro file (top panel) and charge
cor re la tion (bot tom panel) where r is the cor re la tion
fac tor



tom, the to tal charge col lected in the y- vs. x-di rec tion
is plot ted and a value of about 90% for the cor re la tion
co ef fi cient has been found.

Ad ja cent fir ing strips are grouped in clus ters and 
the x and y charges are es ti mated (fig. 7 top pan els);
both sig nal and noise dis tri bu tions (fig. 7 top pan els
and fig. 7 mid dle pan els, re spec tively) are re ported. Fi -
nally, in fig. 7 bot tom pan els, clus ter size is also re -
ported. Dis tri bu tions are con sis tent with the data from
COM PASS GEM char ac ter iza tion [11]. 

CON CLU SIONS

The main pur pose of the test was to ver ify the
over all func tion al ity of the main so lu tion adopted in
the first GEM pro to type un der sim pli fied beam con di -
tions. Both GEM hard ware and read out elec tron ics
were un der early de vel op ment and there fore fi nal re -
sults on ef fi ciency and cham ber res o lu tion were not
very in dic a tive due to the rel e vant cuts used to se lect
good events (to take into ac count mainly bugs in the
elec tron ics). In par tic u lar, the “noisy events” were af -
fected by ran dom mis align ment of the raw ac quired
data due to prob lems in the elec tron ics firm ware,
which have been lately fixed. This mis align ment
causes a wrong com pen sa tion of the ped es tal, end ing
up with dif fer ent types of pe ri odic pat terns which
shuf fle the sig nal. In spite of these prob lems, the GEM
cham bers op er ated fairly stably dur ing the test and the
pre lim i nary re sults show rea son able in di ca tions of the

gen eral va lid ity of the adopted so lu tions for the dis tri -
bu tion of the col lected charge, the spa tial and charge
cor re la tion be tween strips, and the sig nal to noise ra -
tio. The data anal y sis also pointed out some crit i cal as -
pects to be fur ther in ves ti gated. A new test in high in -
ten sity gamma and elec tron back ground has been
car ried on at Mainzer Mikrotron (MAMI), show ing
ex cel lent on-line data with out rel e vant noisy events;
anal y sis is in prog ress.

AU THOR CON TRI BU TION

The o ret i cal anal y sis was car ried out by E.
Cisbani, F. Mammoliti, and G. Ruscica. The manu -
script was writ ten by F. Mammoliti and E. Cisbani, the
fig ures were pre pared by F. Mammoliti and E. Cisbani. 
Ex per i ments was car ried out by E. Cisbani, V. Bel lini,
M. Capogni, F. Mammoliti, P. Musico, F. Noto, R.
Perrino, and C. M. Sutera.
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Fig ure 7. Clus ter charge (top pan els), noise (mid dle pan els), and clus ter size (bot tom pan els) for both x- and y-di rec tions.
Dashed lines rep re sent the fit of Lan dau dis tri bu tions (top and mid dle pan els) and solid lines rep re sent the fit of Gaussi an
dis tri bu tions (bot tom pan els)
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TEST  TRAGA^A  GAS-ELEKTRONSKOG  MULTIPLIKATORA  ZA  SBB
SPEKTROMETAR  U  XEFERSONOVOJ  LABORATORIJI

U toku je razvoj novog unapred orijentisanog {irokougaonog spektrometra u
Xefersonovoj laboratoriji za optimalno iskori{}ewe novih mogu}nosti koje donose pove}awe
energije snopa na 12 GeV. Pra}ewe tragova u novoj aparaturi zasniva se na tehnologiji gasne
multiplikacije elektrona, koja je odabrana da optimizuje odnos cene i svojstava,  rezolucije i
velike brzine udara (>1 MHz/cm2).

Prvi prototipovi detektora sa gasnom multiplikacijom elektrona dizajnirani su,
napravqeni i testirani u postrojewu za testirawe snopova DESY u Hamburgu, koriste}i
elektronski snop sa energijama  od  2.0  do  6.0  GeV.  Dve  komore  za  gasnu  multiplikaciju  elektrona  
(dimenzija 10 cm ´ 10 cm i 50 cm ´ 50 cm) opremqeni su novom verzijom APV25 ~ipa za o~itavawe.
Merewa su sprovedena za razli~ite ta~ke udara i razli~ite uglove izme|u snopa i ravni komora za
gasnu multiplikaciju elektrona.

U ovom radu predstavqamo tehni~ke karakteristike detektora i komentare o dosada{wim
performansama.

Kqu~ne re~i: detektor sa gasnom multiplikacijom elektrona, SBS traga~


