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Abstract. The working program of the “Experimental Particle Physics Group” (EPPFG) will be presented. The
group’s program contains the experimental verificaion d the Standard Model for the dementary particles
interadions. The participation d the EPFG in different coll aborations is discussed. It began with the contributionsto
the L3 collaboration on the tracker construction as well as to the MC simulation d different readionsin the dedron-
positron interadions at LEP with CMS energy of 190209 GeV. The participation in the strange particle
eledroproduction experiment in eledron-nucleus interadions at Thomas Xfferson Laboratory Accderator in
interadions of an eledron beam with nwclei will be mentioned. The group adivities in the construction of the CMS
detedor at CERN LHC (p-p 14TeV interadion) machine, by manufacturing in Romania a series of dummy detecors
for different tests as well asthe mntributionsto the radiation hardness $udies of the sili con detedor are mentioned.
Finally, the participation in the AMS 1-2 cosmic is presented. The results obtained in the prototype AMS 1 flight are
discussed from the physicd as well astechnical point of view. Asaprincipa physicd result, an upper limit of 1.1 10
® of the ratio Antiheliu/Heliu in cosmic rays was found. Technically, a series of improvements in comparison with
the flown prototype were cmnsidered. The change in magnet from a permanent to a superconducting one was dedded
and the dhange and modification of the detedion systems was proposed. At the end some nsiderations are made
about the mnstruction and schedule of the AMS 2 detedor complex to be installed on the ISSspacestation in 2005

1.INTRODUCTION

Experimental Particle Physics research, especially the one invalving high-energy
particles, is a hard business This comes, from the complexity of the physics processs at these
energies that pushes the invoalved techndogies (of particle detedion, d data recording, storage
and processng) toward their present limits. And all of these must be done with limited financia
resources. These tharacteristics force even the big laboratories to join their resources and to work
in large collaborations. A coll aboration work alows not only to compensate for the insufficient
financial resources available to ore group o laboratory but also to satisfy the neads for a very
diverse profil e of the researchers and technicd staff.

These daracteristics of the high-energy physics research influenced the adivity and the
evolution d the Experimenta Particle Physics Group (EPRG) from Bucharest University.

The basis of the group were put by few physicists from the Department of Atomic and Nuclea
Physics, Faaulty of Physics of thisuniversity, in 1991.

The group intended to participate in internal (Romanian) and external research
collaborations. In Romania, the group collaborated with scientists, many Ph. D. students,
undergraduate students, and tecdhnicians from the Institute for Microtechnology, the Institute for
Physics and Nuclear Engineering Horia Hulubei, Microeledronica S.A and later from the
Institute for Space Science The group participated in severa internationals experiments
contributing to more research areas, from the detector design and construction upto experimental
data processng and their physics interpretation. The genera research goa of the groupwas “The
verificdion d the Standard Model (SM) of the dementary particle interadions’. The studies
were performed on different type of physical interadions. eledron-paositron (LEP experiments at
CERN, Switzerland), eledron-nucleus (experiments at TINAF, USA), proton-proton (LHC
experiments at CERN), and oncosmic rays (AMS 1,2) experiments. These adivities were dore
in the frame of international coll aborations because this was the only way for our groupto do
succesdul research in thisdomain o Physics.
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2.ELECTRON-POSITRON INTERACTIONSAT LEP. THE L3 EXPERIMENT

Between 1991and 2003EPRG participated to the L3 coll aboration that allowed us to do
research onSM in the €e” interadionsin the energy range 180-209 GeV.

The main goal was to dbserve the Higgs particle in the energies available at LEP and to
analyse the properties of Z and W particles

The L3 experiment used the particles beams provided by LEP aaelerator from CERN,
Switzerland and a complex detedion system [2.1] embedded in a large volume, low field,
conventional solenoid magnet (Figure 2.1).

In short, the detection system contained a small central sili con tradking system with very
high spatia resolution (SMD), a multi-wire drift chamber system, a high-resolution BGO
eledromagnetic cdorimeter (ECAL) surroundng the central detedor and a hadron cdorimeter
(HCAL). All of these were introduced in a large suppat tube. Eight three-layer high predsion
muontradking chambers were datached externally to the tube. The external boundxry of the
detedor was given by the iron return-yoke of the magnet.

The detedion system was designed to measure the energy and the position d leptons with
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hadronic energy flux was deteded by the HCAL, which aso served as a muon filter and a
tracking device The magnetic field was 0.5T over alength of 12m. Thislarge volume dlowed a
high precision muon momentum measurement, performed by the drift chambers in the central
detedor region.

Using multiple measurements of the wordinate in the bending dane a momentum
resolution d 2.5% for 45 GeV muonrs was obtained. A forward-badkward muon cetedion system
extended the polar angle coverage to 22 degrees. This system was made out of three layers of
trapezoidal multi-wire drift chambers for the reconstruction o trgectories, two layers of
Resistive Plate Chambers (RPC) providing a fast trigger, and aluminum coils surroundng the
main magnet doors to crede atoroida field which provided additional bending paver. Going
radially inwards, the combined hadron calorimeter and muon absorber consisted o wire
chambers operating in the propartional mode, sandwiched with U-plates as energy converter. A
subdvision into 3000 space éements covering the full solid angle (except the bean pipe)
allowed localization and determination of the hadronic energy flow with abou 11% energy
resolution at the Z pole energy. Approximately 11000 crystals of BGO (Be4dGe3012), a
transparent scintill ator with 1.1cm radiation length determined the dedromagnetic energy flow.
An energy resolution d abou 1.4% and a spatial resolution ketter than 2 mm was obtained for
phaon energies larger than 1GeV, with argection against hadrons of better than 1000.

Surroundng the 10 cm diameter beam pipe, a high predsion Sili con Microstrip Detedor
(SMD) and a small drift chamber operating in the time expansion mode (TEC) aded as charged
particle vertex detedors. The SMD consisted o two layers doulde-faced silicon microstrip
detedors, each providing readou of the R-and Z coordinates with an intrinsic resolution o abou
7 um and 15 pum, respectively. The pdar angle of the micro vertex detedor extended from 22
degrees to 158 degrees. The drift chamber adchieved a space resolution dawvn to 45 um. The
combination d TEC and SMD all owed a good momentum and charge determination for particles
with the energy of 45 GeV, an efficient eledron-phaon separation and a measurement of the
impad parameter of the tradks of long-lived charged particles.

EPPRG contributed to the design and mounting of elements of the SMD as well as to the
software development for the analysis of data (mainly Monte Carlo simulation).
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The physics program of the L3 experiment was very vast and the results were pulished in
approximately 250 papers and presented at abou 500 conferences. | will mention here only two
of them.

A) Seach for the Standard Model Higgs.

Within the SM [2.2] the Higgs mechanism is invoked to bre& the electrowegk symmetry; it
implies the existence of a single scalar particle, the Higgs bason. The massis not spedfied but
indired experimental limits are obtained from precision measurements of eledroweak parameters
that depend logarithmically on the Higgs bason mass through radiative corrections. The data
taken prior to year 2000 gave no indication d the production & SM Higgs and allowed ony a
lower bourd of 1079 GeV/c? to be set. During the last year of runring LEP, (2000, the data
samples colleded at a enter-of-massenergy excealing 206 GeV extended the seach sensitivity
to masss abou 115 GeV/c2 through the €+e=> HZ (higgsdrahlung procesg. Different
experiments from LEP observed an excess of events consistent with the production d a SM
Higgs with a mass of 115 GeV/c2 (Figure 2.2). The data obtained by the LEP experiments
(Aleph, Delphi L3 and Opal) scan the energy from 189to 209GeV with an integrated luminosity
of, respectively, 2461and 536 pb' [2.3]. Combining the final results from the four experiments a
lower bound ¢ 114.4GeV/c? is %t onthe massof the SM Higgs at a 95% confidence level while
the median expeded limit is 115.3GeV/c?. The combined LEP data ae also used to set a 95%
confidence level upper bound onthe HZZ couding in nonSM.

B) The determination d the number of light neutrino types.

The most predse measurements of the number of light neutrino types, N , come from studies
of Z productionin e+ FROBRQ 7 KHLQYWE®R SDWIDZ LIGK +inv, is determined by subtrading
\KH P HIEXUHG YIME® +partia widths, correspondng to Z decays into quarks and charged leptons,
from the total Z width. The invisible width is assumed to be dueto N light neutrino spedes each
FRQUEXAD] \WH QHXAMICR SDWICZ LOK + as given by the Standard Model. In order to reduce the
model dependence, the Standard Model value for the ratio of the neutrino to charged leptonic
DIWLY IGKV + +)gy WXHGIQIMD R + )4, to determine the number of light neutrino types:

N +nw H + ) (2.1

The combined result from the four LEP experiments (Figure 2.3) (ALEPH, DELPHI, L3, and
OPAL experiments) isN =2.994+ 0:012[2.4].

In 2000the running of the L3 experiment was ended and the detedor dismounted but the
analysis of data continued till i n 2003by the CERN L3 coll aboration. The further analysis of the
obtained experimental material remained to be dore by different universities and institutes from
the llaboration.

Our group organized itself to continue the analysis of the data & Bucharest University in
collaboration with Perugia University, named “post L3”. The gproached subjed is the non-
conservation d lepton rumbers by families.

3.ELECTRON-NUCLEUSINTERACTION AT 2-4 GEV AT TINAF. HYPERNUCLEI
STUDIES

Hypernucle studies at Thomas Jefferson Laboratory.
The wllaboration d the EPP Group with Hampton University and Thomas Jefferson
National Accderator Fadlity (TINAF), started in 1995 with the study of strange particle
eledroproduction on potons. The main results have been summarized in [3.1]: longitudinal and
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transverse cross ®ction separation in L and S eledroproduction, induced hyperon pdarization,
kaon form fador evauation. In 1999 the HNSS (Hypernuclel spedroscopic studies group)
coll aboration kegan the first study of light hypernuclei produced in (e,€ K*) readions.
We present here the first results and the perspedive of our coll aborationin this group.

L is the lightest hyperon. Its mean lifetime in free space is 2.63 10'° seconds before it
deays through weak interadion into a nucleon and a pion. Since, when L is embedded in the
nuclea matter the momentum of the outgoing nucleon is below the Fermi momentum, the Pauli
principleinhibits its decay process Therefore when L is attached to a nucleus it experiences ”non
mesonic decays’. These processs are weak interadions between L andanucleon: L + N® N +
N in which the final nucleons have arelatively high momentum.

These reactions are interesting because they allow us to explore the four-fermion strangeness
changing weak interaction. It gives a posshility to study L N interadion in the asence of L
beamns.

In order to determine the L nucleon effedive interadion a variety of spectroscopic data,
particularly sensitive to the dfedive spin-dependent potential parameters is needed for
determining the parameters of the L N potential. The reaction (g€ K*) has a large spin-flip
comporent produwcing states of non-natural parity and substituting L for a proton in the target
nucleus. This produces hypernuclei charge symmetric to the readions (K, p) or (p*, K%
employed previously. The cross ®dion for eledroproduction can be written by separating the
virtual phaon flux, G in one virtual phaon approximation. The virtual photon cross £dion can
be gproximated by the red phaoproduction cross sdion at forward angles. The factor Gis very
forward peaked. On the other side, working at forward angles implies electron lremsdrahlung in
the target and a high electron badkground from Dalitz pair production. The TINAF beam of abou
2 GeV has amomentum spread of 10 which introduces avery small error in the missng mass

The experimenta setup is given in figure 3.1. An eledron beam of 1.8 GeV and 1 A
current hits a thin target (20 mg /cm?) just before asplitting dipole magnet. K* are analyzed in
kaon spedrometer (SOS) and eledrons in the magnetic spedrometer (ENGE). The beam is
direded into the beam dump. The resolution in missng massis abou 600— 1000 leV due to the
poar resolution o the kaon spedrometer. Two targets have been investigated (**C and ’Li) [3.2]
and a target of CHy was used to olserve L and S production from hydrogen. The readion o
interest has been: °C (e K*),_*?B and the bound levels of | *?B have been measured by missng
mass method. A high positron (10°) and pion (1.4 10°) badkground have been removed by the
SOS detedor padckage.

A silicon strip detedor designed for this experiment to detect the position in the focd
plane of the ENGE spedrometer has deteded the scatered eledrons.

The p (e, € K*) L/S readion has been used to calibrate the missng mass pedrum in the S
detedor system. The resolution has been determined by using the Dalitz pairs deteded in the
reagionin thetarget: A(e€le’ € |)A (e deteded in SOSand € in ENGE -SD).

The value of 890 lkeV is consistent with the observed resolution in the hypernuclea
spedrum and is the best resolution oliained in the binding energy of light hypernuclei. The B
spedrum is $own in Figure 3.2. For L inserted in the s and p shells, pe&ks are seen (1,2 )
respedively (2*,3").The two doubets are nat resolved. The spedrum is smilar to that predicted
by Motoba [3.3 the curves are superimposed as gausdans with 900 leV resolution on a
poynomia badkground.



19¢ Al.Mihul

The binding L energy has been foundto be 11.4+ 0.5MeV in good agreement with that
obtained in emulsion experiments. A cross ®ction vaue computed as in phdoproduction
experiments was found 140+ 17 (stat) £18(syst.) nk/sr consistent with the theoreticd value for
the ground state.

The two important charaderistics of this gudy at TINAF are the fad that in hyperon
eledroproduction bdh spin-flip and nonspin-flip states are available and the spedrometers used
can reach a high resolution (better than the magnitude of I-s litti ng).

The vaue of the spin—orbit splitting is highly controversial in dfferent models of L N
interadion (boson exchange and quark models). The we&k feature of the dedroproduction
experiment is the low statistics. In order to keep the badkgroundfrom bremsdrahlung and Dalitz
pair production low, the intensity of the beam is lessthan 1 nmA. In this way the integrated
intensity on the focd plane is 2 16° e/sec For a long time expaosure the most important
requirement is that the beam shoud be kept stable & the level of 10*.

Studies of possble radiation damage of sili con detedtors at this rate (2.8 10° e/sec) have
been dore by Bucharest University group[3.4].We analyzed the signal/eledronic noise ratio and
the dharge wlledion efficiency as a function a the detector thickness and electron angle of
incidence on the detedor .The effect of a dose of 10-30 kGy for 600 haurs of beam time on the
lekage and buk damage aurrent of the detedor is of abou 200rA/pitch. At the end d the
exposure the signal/electronic noise ratio could deaease from 20 to 10 and the detedion
efficiency is close to 100%.

Acocording to these evaluations, a diange in the S geometry has been dore by
segmenting the detector in such a way that at any momentum eledrons hit the detedor a a
perpendicular incidence. In this way the bulk current will have the same value dl over the focd
plane.

A problem which arise in using sili con strip detectorsisthe dedron multi ple scateringin
a relatively thick solid material which results in a worse resolution. For a further experiment a
drift chamber with very thin wall s would replace the sili con detedor.

The program of spedroscopic study of L hypernuclei at TINAF continues with the
goal to determine the spin orbit potential of | ?®Al and . >*Ti beyondthe p shell by achieving a
better resolution (600 keV).

4. PROTON-PROTON INTERACTIONSAT LHC. THE CMSEXPERIMENT

The search for the Higgs boson and aher research is foreseen to be dore at CERN by four
experiments in four intersedions regions of LHC. One of them is CMS (Central Magnetic
Solenoid) (Figure 4.1). As the LHC is expeded to provide beam in 2006, the experiments are
now in the preparation stage. The EPPG is involved mostly in studying, designing and the
construction d the tracker system of the CM S experiment.

The tradker is mostly constructed from elements of sili con microstrip detectors. The total
areaof the silicon detedor is ~ 200m? (Figure 4.2). One of the specific situations of this slicon
system isthat it must work longtime withou major interventionsin a high radiationfield. Asitis
located in the midde of the CM S detedion system every intervention will require the shut down
of the whole complex for abou 3-5 month which is costly and time consuming. So the detedor,
during its running (10 year), has to suppat fluences around 10" particles per cm?® without major
changein detedion properties.
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Speda studies were performed to find the best condtions to be fulfilled and to ogtimize
the system. The main results were that: in order to avoid the radiation effeds on the detedor
elements, the bias voltage must be greder than usua (~400V) [4.1], the silicon wafers have to be
cut from a medium resistivity (1-2 kolm. cm) material [4.2] with the aystall ographic orientation
<100> [4.3]. Also field plates and guard rings have to be introduced for avoiding the regions with
ahigh paentia gradient. (Figure4.3) [4.4].

Our tean participated to the design and the @nstruction of silicon detedors at INFN Pisa
and INFN Perugia, Italy. In addition, IMT Bucharest produced all dummy detedors elements
used for medhanicd and thermal tests. Now the activities are continuing for the full construction
of the tracing system.

5.STUDIESIN COSMIC RAYSWITH ALPHA MAGNETIC SPECTROMETER (AMS
EXPERIMENT)

Studies conreded with SM were dore dso in Cosmic Rays (CR). The main goa of the
AMS experiment was the detedion d primordia antimatter. The gparent absence of antimatter
in unverse is one of the major puzzles in physics. All theories concave that at the beginning of
our universe, a the Big Bang, equal amourt of matter and antimatter was produced. The present
extreme preporderance of matter over the antimatter raises the problem of the fate of the
primordial antimatter. The asence of the annihilation gamma ray peaks excludes the presence of
significant quantities of antimatter within dstance of the order of severa Mpc from the solar
system.

Different scenarios were conceived in order to explain the present local unbalance

Some ideas are based on the CP violation and baryon number non-conservation, which
determines the disappearance of the antimatter so that only the matter remains. Other ideas claim
that the two worlds, ore of matter and aher of antimatter, still exist but are separated by big
distances © that they have no pasbiliti es to contad and therefore no significant annihilation
exists. In this oond case, it is conceivable that some very few elements of antimatter can be
present in CR. The detedion d antimatter in CR will enforcethis sscondhypothesis.

The atimatter discussed is espedaly hadronic one. This means antiprotons and
antinuclel. The presence of antiprotons was aready observed bu these aitiparticles were of
seoondary origin appeaing in the interadions of the primary cosmic particles with the terrestrial
and extraterrestrial matter. The aosssedion d pair (proton-antiproton) productionis sufficiently
large so that a detectable amourt of antiprotons shoud exist in CR. In these condtions we need
to study the presence of antinuclel in primary CR because the probabili ty of their prodiction, as
the results of secondary interadions, is extremely small so that the detedion d at least one nuclel
of antihelium or anticarbon will be sufficient to demonstrate, with a grea probability, the
existenceof anti world.

The AMS experiment proposes to use a omplex detedion system containing a wide-
angle spectrometer with a microstrip silicon tracker detedor surrounded by a series of other
detedors. The system will fly onthe International SpaceStation (Figure 5.1) for three years.

The gproved experiment was foreseen to take placein two stages. In a first stage a
prototype was constructed (Figure 5.2) and flew successully for arather short time (10 days) on
the Discovery 91 shuttle (Figure 5.3). Thefirst stage of the experiment had several goals:

--to prove that such an experiment is achievable,

--to show the way to improve the install ation and

--to oltain datafor apreliminary physical anaysis.
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These goals were atieved and the analysis of the performance shows that the experiment
can succesdully be dore and that some improvements in the detection system are suitable. The
most important change was in the used magnet. If the prototype (AMS 1) had a permanent
magnet, for the seand stage of the experiment (AMS 2) (Figure 5.4) it was dedded to use a
superconducting magnet. Such a magnet will provide abending power of BL?= 0.86 TM? and so
will raise & least one order of magnitude the spectrometer magnetic field. It was also dedded to
improve the &isting detedors or to add some new detectors in order to improve the particle
identification capabili ty.

The new tracker will be made from eight layers (6.45 m?) of doude-sided silicon
microstrip detedors, which will provide acoordinate resolution d 10 um in the bending dane
and 30um in the non-bending plane (Figure 5.5).

A transition Radiation Detedor (TRD) will be alded to identify positrons against hadrons
in therange 1.5— 300GeV with argectionfador of 100-1000.

Also there will be added or redesigned a synchrotron radiation cetector (SRD), a Ring
Imaging Cherenkov Courter (RICH) to measure the dharge of particles and the velocity with
0.1% acarracy and an Eledromagnetic cdorimeter (ECAL) made out of 15 X, of lead and dastic
fibers. Veto counters surroundng the active aea will allow being accepted ony particle passng
through the magnet aperture. A time of flight hodascopes (TOF) will provide time of flight
measurements with a good pedsion (~120 ps), dE/dx measurements and will provide the
primary trigger

The design and construction d the second stage detedion system AMS 2 began in 199
and hes to be finished in 2004and mourted onISSin 2005 Its missonis scheduled to last for 3-
5 years.

Our group payed an important role in the design, testing and the nstruction d the
tracker system, for both stages of the experiment.

AMSon the STS91flight

During the period 212 June 1998the Discovery STS-19 shuttle performed 154 abits at
an inclination d 51.7° at an dtitude between 32 and 390 kn. During 184 houis time the AMS-
1 colleded about 10° events, which were analyzed seaching for eledrons, protons, nuclel and
thelr antiparticles.

A comparison d the results obtained by AMS in 10 dys flight, with all other existing
data (Figure 5,6) show that even in such a short flight our result compete with al the existing, at
that moment, data. An extrapalation d the results convinces us that, for example, for anti-He data
an improvement of three orders of magnitude could be expeded in the flight onISS

These data dl owed drawing some @nclusions. | will mention orly few of them.

No presence of antihelium nuclei was detected and an upger limit of R = 1.1 10° with a
confidence level of 95%, was computed [5.1]. The result was the best existing value & that
moment and we eped that the AMS 2 will i mprove this value with at least three orders of
magnitude (Figure 5.6) during the 3 years of flight.

The behavior of the dectrons [5.2], protons [5.3] and helium [5.5] nuclel in cosmic rays
andin nea eath orbits were studied. For the analysis three @ordinate systems were used: one (X,
Yy, Z) conrected with the position d the AMS system in the shuttle bay, ore (r, g, F) conneded
with the geographical position d the shuttle and ancther (R, qu, Fwm) conreded with the
geomagnetic pasition d the shuttle, to describe the movement of the particlesin thefield [5.4].
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The particle charge, type, rigidity, and energy were determined. The spedra of the
eledrons, pasitrons (Figure 5.7) protons (Figure 5.8) and He nuclei (Figure 5.9) were dso
determined for downward and upvard particles. Both, the hard and the soft particles are dealy
seen as well as the geomagnetic aut-off for al particles. The effect of geomagnetic autoff
deaeasing with increasing |qu | is aso seen.

The higher part (above the geomagnetic aut-of) represents the contribution d primary CR.
In addition to the primary CR there is a substantial second spedrum below the geomagnetic
cutoff due to particles esentially produced in the @amosphere. This gectrum extends to much
low energy and exhibit some significant latitude dependence close to the equator. Above the
cutoff, the flux spedra aeidenticd for downward and upvard cases.

In the secondary spedrum pasitrons were foundto be more éundant than eledrons. The
secndary helium spedra show that it is formed from *Hein 90% of cases with a 90% confidence
level.

For sufficiently low rigidity, the particles can be trapped in the magnetic field of the eath
and form shell s dhaped along the magnetic field lines and are roughly symmetric in latitude with
resped to the geomagnetic equator. The motion d trapped particles can be fadorized in three
comporents namely the revolution around the guiding center of gyration, the bourcing between
mirror paints (with a B mirror field as in a magnetic baottle) and longitudinal drift around the
eath

Rewnstruction d the particle trgectories inside the AMS and extrapolation ouside to
ead particle time in flight, following it in the forward as well as the backward dredions was
dore. Tradng forward and backward particles from the secondary spedra shows that most of
them travel an extended period d time in the geomagnetic field and that the positive particles (€'
protons and helium) and the negative ones (e) originate from two complementary geographic
regions[5.7], [5.3], [54], [5.5. Theseresults $row the existence of a substantial second spectrum
of high energy particles trapped within the low altitude belts. These new belts are dominated by
pasitively charged particles mainly paositrons, protons, deuterium and 3-helium. According to the
momentum and the time of their life, two categories of particles were identified. The long time
lived (> 0.2-0.3 sec) and the short time lived (< 0.2-0.3 seg).

The long-lived appear to come from two geographicd restricted regions (the same for
pasitrons, protons and He nuclel (Figure 5.10a, b and ¢). So the pasitive long-lived particles have
the same origin, independent of their massand the negative particles have ancther origin, which
differ from the origin of the positive ones and is complementary to it [5.6].

Theorigin of short-lived particlesis consistent with auniform distribution aroundthe globe.

Adding al the data wlleded above the geomagnetic cutoff, and integrating amni
diredional it was possble to estimate the primary CR flux asF (R) = F (R® where R=pc/|Z|) isin
GV Theresults of performed fits for g for different primaries are in the range g = 2.78-2.74with
an error of abou 0.02[5.7].

The shortly mentioned results $ow the wide paossbiliti es opened for the Astronamy,
Astrophysics, and the Physics of Earth by the AMS Coll aboration.

6. CONCLUSIONS

Looking badk to the more than 10 yeas activity of the EPPG, several things draw the
attention.
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The diversity of the research in which the groupwas involved, from colli der to cosmic ray
physics, was possble only due to the concentrations on few techniques and problems.

As most of the experiments were, at that time, in the cnstruction phase, one of the aeas
the group concentrated on, was the design, characterization and construction dof sili con microstrip
detedors. This alowed us to participate in the most collaborations (L3, CMS, AMS) and to
obtain the financial support so needed for this kind d experiments. Even today, this allows us to
participate in ather experiments that use the same detedion technique.

Depending on the stage of the experiments and the existing passhiliti es, the group was
also invalved in modelling, analysing and interpreting the experimental data obtained with the
alrealy constructed detector systems or contributing to dfferent proposals for experiments.

Apart from the large number of pubications, the reseach results were also reflected in
PhD thesis, some of them alrealy defended, cther in preparation.
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Fig. 2.1- Artist view of the L3 detedion system.



204 Al.Mihul

e : ;
L2 - LEP  G-200209Gev Loose ‘
% -+ Duls |
o 2 - | Backgrownd [
[ [ Signel (115 GeVieh) '
£ =l
'E 15 H gl =100 GeViet
g Tintn 119 17
= |Backgd 1165 158

10 +Sigoal R D |

L

B
20 f 1)) ol B0

5 % i
0 = A
0 o 1240
. .1
mye (GeV/c)
[ i r — iy
2 - LEP i=z200209Gev Tight
. I
% [+ Dew
= b " | Backpround
ak BB Signal (118 Gevich
- 5 |_
= all = 109 GeVied |
g 4 Dpaa | 18 4 '
m | |Backgd | 14 1.2 [ |
3 Sigmal | 29 1z ‘

2 - ; : B I
1p { H[ 4
L L. e

1] 20 40 1] B 100 120

myree (GeVi/c?)

Fig. 2.2- Distributions of the reconstructed Higgs Massobtained from two seledions with
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Fig. 3.2.
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CMS
A Compact Solenoidal Detector for LHC
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Fig. 4.1- Artist view of the CM S detedion complex.
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Fig. 4.2- Areaof silicon microstrip detedorsin main present detedors.
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Fig. 4.3- Theinfluenceof field plates onthe patential gradient modeled for a CM S sili con
microstrip detedor e ement
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Fig. 5.1- The position d AMS 2 to be flown for threeyear onthe International SpaceStation.

Fig. 5.2- Schematically view of the AMS 1 prototype.
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Fig. 5.3- The shuttle Discovery STS 91 close to Launch Pad and in flight (phao taken from the
Mir station)

Fig. 5.4- Schematic view of the AMS 2 detedor complex.
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Fig. 5.5- Wiev of an AMS ladder.
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Fig. 5.6- A comparison, d the results obtained by AMS 1 in 10 daysflight, with al other
existing data.

Fig. 5.7- Flux spedrafor the downgoing eledrons and pasitrons separated acording to the
geomagnetic latitude ¥YuY2at which they were deteded.[5.7]
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Fig. 5.8- Flux spedrafor downward and upvard going protons, according to the geomagnetic
latitude YQuY2[5.7]
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Fig. 5.9- Helium flux spedrafor the zenith panting data according to the geomagnetic latitude
YWY2[5.7)]
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Fig. 5.10a
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Fig. 5.100
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Fig. 5.10- The geographicd origin of a) longlived leptons b) protons and ¢) helium nuclei. The
dashed lines indicaes the geomagnetic field contours at 380 km [5.7]



