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tThe new barrel Instrumented Flux Return (IFR) of the BABAR dete
tor will bereported here. Limited Streamer Tubes (LSTs) have been 
hosen to repla
e theexisting RPCs as a
tive elements of the barrel IFR. The layout of the new dete
torwill be dis
ussed: in parti
ular, a 
ell bigger than the standard one has been used toimprove eÆ
ien
y and reliability. The tubes are assembled in modules and installedin 12 a
tive layers of ea
h sextant of the IFR dete
tor. R&D studies to 
hoose the�nal design and Quality Control pro
edure adopted during the tube produ
tion willbe brie
y dis
ussed. Finally the performan
es of the �rst two installed sextants willbe reported.1 The 
ux return geometryAs originally built, the muon and K0L dete
tion system for BABAR 
onsistedof 19 layers of resistive plate 
hambers (RPCs) interleaved with the 
ux returniron in the barrel region and 18 layers in the forward and ba
kward end
aps.Ea
h dete
tor gap 
ontained a single layer of RPCs based on a bakelite andlinseed oil design. During initial BABAR operations, the temperature in theiron in
reased to as mu
h as 30oC. Sin
e that time eÆ
ien
ies have 
ontinuedto de
line at the rate of approximately 1.2% per month. E�orts to reverseor halt the underlying de
line in eÆ
ien
y have not been su

essful. All the
hambers in the forward end
ap were repla
ed in the summer and fall of 2002with RPCs built with more stringent quality 
ontrol (the upgrade proje
tforesaw also the repla
ement of 5 a
tive layers with 2.5 
m thi
k brass platesto improve the pion reje
tion). In De
ember 2002 BABAR de
ided to repla
ethe RPCs with limited streamer tubes (LSTs) for the barrel upgrade.Preprint submitted to the XIth VCI 2007 1 June 2007



2 The LST Con
eptA \standard" LST 
on�guration [1℄ 
onsists of a silver plated wire 100 �m indiameter, lo
ated at the 
enter of a 
ell of 9x9 mm2 se
tion. A plasti
 (PVC)extruded stru
ture, or pro�le, 
ontains 8 su
h 
ells, open on one side. Thepro�le is 
oated with a resistive layer of graphite, having a typi
al surfa
e re-sistivity between 0.1 and 1 MOhm/square. The pro�les, 
oated with graphiteand strung with wires, are inserted in plasti
 tubes (\sleeves") of mat
hingdimensions for gas 
ontainment. The signals for the measurement of one 
oor-dinate 
an be read dire
tly either from the wires or from external strip planesatta
hed on both sides of the sleeve.3 R&D studies, Design and Performan
eMore than one year of R&D studies were made before 
hoosing the �nal LSTdesign. Our R&D program 
on
entrated on several 
riti
al issues like: sele
-tion of safe gas mixture, rate 
apability, wire surfa
e quality and uniformity,aging test and performan
e of the prototypes. Detailed studies 
on
erning allthese issues 
an be found at [2℄.The LST tubes are somewhat fragile me
hani
ally so 
areful design, handling,and operation are of paramount importan
e in preventing failures. The \mor-tality" of the LSTs depends on the 
ell size, on the 
are and attention givenduring 
onstru
tion and installation, and on the stri
tness of the a

eptan
etests. Given these 
onstraints to build a highly eÆ
ient dete
tor means: redu
etube mortality and/or introdu
e redundan
y to de
rease its e�e
t on dete
toreÆ
ien
y; arrange tubes into modules that 
an be extra
ted and repla
ed andto minimize the dead spa
e; feed ea
h tube with one or more independent HV
hannels and �nally lo
ate HV distribution boxes and front end ele
troni
son the outside of the dete
tor. Su
h indi
ations led us to a 15x17 mm2 
elldesign (whi
h is more reliable and eÆ
ient) where ea
h tube is 
omposed by7 or 8 
ells and assembled in modules. We use wire readout for the azimuthal
oordinate, �, and strips plans for the z 
oordinate (along the beam dire
tion).In order to obtain high performan
es and to respe
t the safety requirementsa ternary gas mixture of Ar/C4H10/CO2 (3/8/89)% has been 
hosen [3℄.4 LST produ
tion and quality 
ontrolThe LST produ
tion was 
ommissioned to an external �rm, the Pol. Hi. Te
h.(PHT), whi
h also assembled all the prototype used for R&D.We worked together with PHT to improve the 
leanliness of the tubes and2



to set up a system of stringent quality 
ontrol (QC) to guarantee the highperforman
e of the produ
t. The QC system was designed to 
he
k the qualityof all me
hani
al 
omponents, the goodness and the resistivity of the graphite
oating, the gas tightness of all assembled LSTs. Finally a set of ele
tri
al testswas applied to 
he
k the behavior and the performan
e of ea
h LST undernormal and 
riti
al ele
tri
 (e.g. maximum allowed voltage) and physi
s (e.g.high parti
le rate simulated with a radioa
tive sour
e) 
onditions. In orderto be a

epted for the installation into BaBar, ea
h LST had to satisfy allstringent 
riteria required for ea
h test.5 Installation into BaBarThe �rst 2 sextants were installed during summer 2004, while the remainingfour were installed in the period September-November 2006. Installation beganwith the insertion into ea
h gap of a strip plane 
overing an entire gap. Thesestrips were atta
hed to the iron and supported by gravity. Then the moduleswere brought onto a supporting stru
ture and inserted into the gap on top ofthe strip layer. The full installation and 
ommissioning of the two se
tors tookless than 2 months and was 
ompleted on s
hedule. QC tests after installation
ertify the proper working of the apparatus.6 Performan
e of the �rst two LST-sextantsThe BaBar experiment began RUN5 on Mar
h 2005 and after 8 months ofoperation the LSTs are showing a very good performan
e with regard to thefollowing items:Mortality. Sin
e the installation, the number of dead 
hannels has been fairly
onstant over time, 
u
tuating around 0.2%. There are a total of 2 dead wiresout of 1552 (0.1%) (mainly due to dis
harge in the 
ells or in the HV 
on-ne
tors) and 7 dead strips out of 2284 (0.3%) (mainly due to bad solder joints).Plateau 
urves. Plateau 
urves are monitored monthly and all LSTs showa plateau width varying 300-600 V around a value of 5600 V.EÆ
ien
y. The eÆ
ien
y of the LSTs is 
al
ulated and monitored in twodi�erent ways. A daily monitoring of the eÆ
ien
y, 
al
ulated via �� pairsfrom 
olliding beams, shows very small 
u
tuations around an average3



value of 90% per sextant. A se
ond monitoring is done every month andthe eÆ
ien
y, 
al
ulated with 
osmi
 rays, results stable around an averageeÆ
ien
y of 92.5% per layer. The 
u
tuations of the eÆ
ien
y are mostlyrelated to the 
u
tuations on the number of dead 
hannels, but no loss ofeÆ
ien
y for any single LST has been dete
ted.Muon ID and pion reje
tion. Comparing the results from LSTs andRPCs at di�erent times it appears obvious that the LSTs are working betterthan the RPCs ever did. The LSTs introdu
ed a signi�
ant improvement inpion/muon dis
rimination. For details see Fig. 3 of referen
e [4℄.Rate and 
urrent versus luminosity. There is a linear 
orrelation betweenrate/
urrent of the installed LSTs and the instantaneous luminosity. The 
or-responding slope shows that LSTs will work properly also at the maximumestimated instantaneous luminosity of 2 � 1034 
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