
SDC-91-00072

SOC
SOLENOIDAL DETECTOR NOTES

SIMULATION STUDIES FOR A SCINTILLATING FIBER TRACKER



SDC.. -C1\ -00072-

SIMULATION STUDIES Faa A SCINTILLATING FIBER TRACKEa-

B. Abbottb , D. Adams i , M. Ataca,b, C. Anway', A.E. Baumbaughb , B. Baumbaughd ,

P. Bergeb , M. Binkleyb, J. Bishopd, N. Biswas d , A.D. Brossb, C. Buchanana, N. Casond ,

R. ChaneyJ, D. Chrismana , A. Clarkb, D. Clinea , H. Cohne , M. Corcorani , R. Daviesb ,

J. Eliasb , E. Fenyves~, D. Finleyb, G. Fosterb , J.M. Gaillardb, J. Godfreyd,
H. GoldbergC , H. HammackJ, J. Jaquesd , V. Kenneyd, R. Kephartb , D. Koltickb ,

J. Kolonkoa, K. Kondok, R.A. Lewisl, J. Marchantd , R. Mcllwainh , S. Margulies c ,

H. Kiettenen i , R. Moore', R.J. Mountaind,T. Okusawaf , J. Piekarzd , R. Ruchtid ,

R. Scalise', Y. Shephardd , E. Shibatab , G.A. Smith', J. Solomone , K. Takikawak ,

S. Tkaczykb and R. Wagnerb

Univerlity of California at Loa Aftaelaa&
Farmi Nation.l Acc.lerator L~or.toryb

Univaraity of IllibOia at CbicAlo c
Univardty of Ifotre D_1i

Oak Rid.. If.tion.l L~r.torye

O.aka Cit,. Univerlity!
Penn.ylv~ia Stat. Univerlity'

Purdue Univer'it~
hea Univudty

Univerlity of t.... .t Dall••J
TIYkub. Unlvar.ltyK

Presented by
Raymond A. lewis

Pennsylvania State University

Abstract

High Pt leptons will be used to trigger on candidate events for physics studies (e.g.
Higgs decay) at the sse. Rates for producing high Pt leptons are low, compared with
the maxilDUlll 1000 MHz pp interaction raee. UnlUual combinations of background pro­
cesses can imitate features of the high p~ signal, requiring a considerable degree of
event reconstruction at the trigger level. ~e are presently addressing the problem of
recognizing high Pt tracks in the SclFi central tracker proposed for SDC. Minimum
bias events generated by Pythia are superposed. and hit patte~ are analyzed to find
candidates for high p~ tracu from una.sociated hits. nt. fiber tracker is compared
with a straw tube tracker, shoWing selectiVity for varlou. choice. of redundancy as a
function of luminosity.

A. Intro4UC;tiOD

A major challenge i. to construct a
tracking det.ctor which is useful for
triggering at luminosities up to
l03-/cm2-sec . The fiber tracker solve. a

. potential proble. of occupancy by provid­
ing a large nWllber of detector ele.ents
over which the hits are sprea4.

The layout of the Sc1F1 tracker pro­
po.ed for SOC is shown in Figure 1. nte
central tracker consises of 4 superlayer.

~ork supported in part by the U.S. Dept.
of Energy and the Texas National Research
laboratory Co~ls.10n.

of 650 micron scintillating fiberl, with
tvo sublayers of axial fibers in each
superlayer. The intermediate tracker is
comprised of 3 superlayers of 1 ma diam­
eter fibers.

•• 'ackargun4. from Pileup

Particl.. from 40 T.V pp interactions
generated by Pythia [1J were SWWI through
the 2T lIagnetlc field. simulating the
effects of gaDIIU pair conversions, COU­
lomb scattering. and ionizaeion losses.
Hits due to particl.. which loop for more

. than 16 n.ec, the tille between bunch
cro.sings. were superposed on events
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Figure 1 - Central and Intermediate Scintillating Fiber Tracker Layout.

Table 1 - Occupancies in SciFi Tracker.

occurring in up to 10 subsequent beam
cross Lngs . Table 1 shows the average
mul tiplic i ty of hi ts/beam crossing in
each of the superlayers , assuming one pp
interactlon/beam crossing.
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Figure 2 - Simulated acceptance fot: fake
high p~ (> 1 CeV/c) traeks in a 4 lIIlIl.
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A trigger based on the central track­
er uses two hits to define the azimuth
and Pt of a high p~ track candidate, and
the other 6 hits as a redundancy check.
Figures 2 and 3 illustrate the effects of
occupancy. showing the probability of
finding a high p~ (> 10 GeVjc) track
among non-associated hits. At a luminos­
ity of lO~3jcm~sec or greaeer, hits in 8
layers of 4 ram straw tub.. (Fig. 2),
consistent with high p~ track, can be
found at a rate of at least O. 3/bunch
crossing. \lith the fiber tracker (Fig.
3), the fake high p~ rate of 10-'/bunch
crossing is well below the rate of
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Figure 3 - Simulated acceptance for fake
high Pt- (> 1 GeV/c) tracks in a r

Icintillating fiher tracker. ~
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· O.o2/bunch crossing at which high Pto
".......... ions are created. 8y contrast, the

,J ~traw tracker w111 yield a noise-to­
signal of 15 at the same luminosity. At
103./cm~sec, the fiber cracker provides
a noise-co-signal of 0.5, still satisfac­
cory as a first level crigger. At this
luminosity. a straw tube tracker is
clearly swamped with background.

A similar high Pt algorithm applied
to the intermediate tracker results in a
fake trigger rate of - 5/bunch crossing,
at L • 10 311 /cmz-sec. Smaller diameter
fibers of 500 microns are desirable. if
intermediate cracking information is to
be used at an early stage of the trigger
logic.

C. High p~ Resolution

The Pt. re.solution of the central
tracker is important both at the trigger
level, and in extracting physics at a
lacer stage of analysis. The resolution
is studied by simulating the effeces of
fiber granulari ey, effie Leney, finite
target size. del ta rays, and pileup. Ae
the crigger level, informaeion about the
vertex is ignored. The Pt resolution
expected, assuming that the beam crossing
is within a 1000 micron raditUl of the
nominal beam centerline, i. 60' r.m.s. at
Pt • 1 TaV/e. However, the vertex can be
defined more accurat.ly at a later stage
of the analysis by using lIlor. cOllq)l.te
information. The p, resolution v.rsus p,
shown in Figure 4 is calculated a.suming
that the vertex is known within 20 m1­
crens , In this case, the p, resolution
is 25, r.m.•. at 1 TeV/c.

D. Neutron' 1n thl Centr.l Tr.cker

Neutrons froll hadron!c interactions
in nearby calorimeters prod.uce hits in
the fiber tracKer froll np scattering.
The neutrons have typically 1 KeV ener­
gi.. , whereas a 3 KeV proton wlll rang.
O\lt in a fiber racU\1S of 250 lIierons.
1'h\ls. neutrons proQuc, hits in single
fib.rs which can be rej ected in the elec­
tronics.

At • luminosity of 10"'/em2-s.e,

neutron hits are expected at a rat. of
about 76 per 1I0nol.y.r of 15,000 fibers.
at a radius of 160 ell. N.utron hies
Within 1 fib.r diameter in any two of th,

PT RESOLUTION. CLOSE PACK1NG. '1'1'X-20.. rn

0.25 ,----------------

0.20

.....
'" 0.16:II
S..
Qo

..... 0.10=.
0

0.05

0.00
0 0.2 0.4 o.e 0.11

~ (TeV/c)

Figure 4 - Simulated ~omentUQ resolution
versus p, with a 20 ~ vertex constraint
imposed.

4 layers of fibers will occur at a rate
of 2.7/proton bunch crossing. This rate
is small compared with about 200 hits
from pions and electrons.

I. CQAcluslon'

Background raee. due to pileup faking
a high Pt trigger are used as a criterion
for ev.luating the performance of a cen­
tral tracker design. At a luminosity of
10n/cmLs.c, background rates with 650
micron fib.rs are small compared with ~he

producdon of pions with Pt. > 10 GeV/c.
At alumino. ity of 10H, the fiber
tracker is still able to cope with aU
conceivable backgrounds. However, a 4 llIDI

straw tube tracker starts to have serio~s

difficulties (noise/signal - 15) with
b.ckground at l033/c raz- s ec, and at:
l034/emL.sec is overwhelmed. wi.th back­
grouncs.. .

[1) H. a.ngtlSon and T. SjOstrand, "The
Lund Konte Carlo for Jet Fragmen­
tation and .+e- Physics - JETSET
Version 6.3 - An Update,· Compo Phys.
Commun. ~, 367 (1987).
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