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Ahstraci. The working program of the "Experimcntal Particle Physics Group" (EPPG) will be presented. The 
group's program contains the experimental verification of the Standard Model for the elementary particles 
interactions. The participat ion ofthc EPPG in different collaborations is discussed. It began with the contributions to 
the Ll collaboration on the tracker construction as well as to the Me simulation of different reactions in the electron
positron interactions at LEP with eMS energy of 190-209 GeY. The participation in the st range particle 
e!ectroproduction cxpen ment in electron-nucleus interactions at Thomas Jefferson Laboratory Accelerator in 
i nleractiol1s of an electron beam with nuclei wi II be mentioned. The group act ivities in the construction of the eMS 
dctcctor at CERN LHC (p-p 14 TeY interaction) machine, by manufacturing in Romania a series of dummy detectors 
for different tests as well as the contributions to the radiation hardness studies of the sil icon detector are mentioned, 
Finally, the participation in the AM S 1-2 cosmic is presented. The results obtained in the prototype AMS I flight arc 
discussed from the physical as well as technical point of view. As a pri ncipal physical resule an upper limit of 1.1 I(r 
h of the ratio AntiheliulHeliu in cosmic rays was found. Tech nically, a series of improvements in comparison with 
the nown prototype were considered. The change in magnet from a permanent to a superconducting one was decided 
and the change and modification of the detection systems was proposed. At the end some considerations are made 
about the constmct ion and schedule of the AMS 2 detector complex to be installed on the ISS space station in 2(0) 
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/ lhslmcl. The \.\,orklng program or tlle "f.\pcrimental Pa rt icle PhySICSGroup" tEP[">( j l wi ll be presented 
group's program contains the e>;penmental ve rifi cD lion or the Swndard "lodel ror the e1cmentarv part I 

interactions, The pJrtici pa tion orthe EPPG in dirreren t collaborations is discu~sed It began with the contribut ion 
the U co llaboration on the tracker construction as we ll as to the M e simulation or difrerent reaCl1 0ns in the clcctl 
posit ron in teractions at LEP With e MS energy of I <)(J-20<) GeV, Thc participat ion 111 the stra nge pa rt 
eleetroproduction e'penment in electron-nucleus I l1Icractlon~ at Thomas Jefferson 1,,1bora to1) Accelerator 
in tera cti olls of all electron ocalll with nuclei will be mcntioned, T he group DCli v it ics in th e constntction of lhe e 
deleetor at CE RN U i(' tp-r 14 TeV illte ractiO l1 J /l1achine . by manufactur ing 111 Romania J sc rles of dummy detcct, 
for dirrerent tests as well as the co ntribullons to the rJdiatioll hDrdness studies orthe sili con detcctor arc melltionc 
"lllal ly, the participati on 111 the l\\ l S 1-1 cosmic is presented The results obu l lled in th e protot) pe I\MS I night < 

(h sellssl'd from the phYSical as well J~ teehili ca l poi nt of view f\s a principal phYSical resull . an upper limit of I I I 
, or the raliO A. ntiheli u/Hellll III cosmic rays wa, roulld , TechllicJlly, a series of ImprO\C'IllCIl!S ill eOl11pan ~O Il wi 
the flOll'n prototype were cOllsldered , The change In magnet from a permancnt to a supcrcondneting onc WDS decldl 
and the change alld Illodification 01 ' the detectloll svstcms was proposed At the elld some conSiderations are ma( 
aholl t til e C() ll stnlC!ioll and schedu le or thc A\IS } detector comple'( to oc installed on the ISS space station m }(){)' 

I . I ~n~OIHCTIO!\ 

1;, \[1l'1i lllL'llIi-Il Pi-Irliclc Ph\sics rescilrch , especiili ly the (llle imohil1!-! hi~h-energ\ 

p<lJ'li ('lcs, is a himi husil1ess This Cllll1eS, fr (l111 the cOl11plexih or the ph \' sics prucl's~c<; at these 

el1ergies th at pushes the ill\'olved tcch l1(1logies (of particle detect i(ll1, L1f data I (cordil1g, s tora~e 

ill1d pnlccssil1g) tOI\ilrd tilei r present !illlits ·\nd all of thesc l11ust be dune wi lh li mited iini-lncial 
leSllUlces , These chinactnis ti cs t(lrCl' l '\ en the hig labClratories tn join their resources and to \\('lrj.. 

ill 13I'!,'-e collilbnratiuns A collab(1ratiol1 \\(11'1-; all o \\'s not Llnh tll C'Ol1lpensiltc fnr the in~lIflic icll r 

tinanc ial Icsources ava ilable to Ulle grnup or labnratory hut also to satisfv Ihe needs for :l , 'cr\' 
di l l' I ,~ C profti C of thc researchers (llld Il~chn il..'a l stan' 

Th ese characterist ics o f the high-energy ph \sics rcs~arch il1fiLwnccd the act i,it\, ~lJld tht' 
l'\o lulion of the 1<>,peri111enta l P~\I1 i c l e P I 1\'~ ics CirllUP (EPI>G ) frn!11 I ~ll charcst l ni\crsit\ 

The basis or thc group \Vcrl' put by fell physicists fro!l1 the i)epaI1!l1t"nt of :\to ll1i c anci '\ucleal 
Ilhvsics, I'(lcu!t \' of Jlh ~/ sics of this lIni '. ~rsit\, in 1091 

The group in tended to partici pa te in il1tema l (Rumanian) anci c\t ernal research 
c(lll(thorations 111 Romania , the group co ll ilborated "ith sc ienti sts. m<lll\ Ph I) student~, 

undergraduille students. ill1d technicians froll1 th e Institute for \1 icro t ec hn() l og~' . the Instit ute fOI 
Il lwsiC's and Nuclear Fnginecril lg Il oria Illll llbci , Mierockctron ica S A al1d lat er tlonl the 

Il1slitutc for Space Sciencc T he grou p partic ipated in se\ 'cra! internationals experimen ts 
contributing to more resea rch areas, from the detector desig l1 and cunstruct ion up to c\j1crimc ntt1 1 

data pl\lcessing and their physics interpretation The gel1eral research goa l of the group \\ilS "The 
I 'eri fication o f the Standard i\111del ( S(....I ) oj' the elementa l'\' particle interactions" r he sludies 

\\ ere per fo rmed on different (vpe of ph\'sical interactions electron-posi tron (lXP c'\pcril11 cllt s il t 
CFR"J. Swit 7erland), electroll- l1ucleus (e,perimcil ts atLI'J,\F, US .'\ ), proto ll -pr% n (U IC 



, 

experiments at CERN ), and on cosmic rays (AMS 1,2) ex periments T hese activi ties were dOll e in 
the framc of international collaborations because thi s was the only way for our group to do 
sLlccessful research in this domain of Physics 

2. ELECTRON-POSITRON INTERACTIONS AT LEP. THE L3 EXPERIMENT 

Between J99 1 and 2003 EPPG part icipated to the L3 collaboratioll that allowed us to do 
research on SM in the e'e' interactions in the energy range 180-209 GeV 

The main goal was to observe the Higgs particl e ill the energies available at LEP and to 
analyse the propert ies of Z and W particles 

The U experiment used the particles beams provi ded by Ll::P accelerator from CER N, 
Switzerland and a complex detection system [2 II embedded in a large volume, low fielcl . 
conventional solenoid magnet (Figure 2. I) In short , the detection system contained a small 
central silicon tracking system with very high spatial resolution (S\1D ), a multi- v, ire drift 
chamber system, a high- resolution BGO electromagnetic calori meter (ECAL) surrounding the 
central detector and a hadron calorimeter (HC AL) All of these were introduced in a large support 
tube Eight three-layer high precision muon-tracking cha1llbers were attached externally to the 
tube . The external boundary of the detecto r was given by the iron return-yok e o ftlle magnet 

The detect ion system was designed to measure the energy and the position of leptons with 
the precision allo wing a mass reso lution (AI11/111) smaller than 2% in dilepton final states . The 
hadronic energy flux was detected bv the IIC AI .. which also ser'vee! as a Illuon filter and a 
tracking device The magnetic field was 05 T over a length of 12 111 . This lilrgc \oitl111e allowed a 
high precision muon momentum measurement, per'formed b\ the drift chambers in the cent ral 
det ector region . 

Using multiple measurements ot' the coordinate ill the bcne!in!l plane a momentUJ1l 
resolution of 25 % for 45 GeV muons was obtained A forward-bach\ard muon detection system 
extended the polar angle coverage to 2.2 degrees . This system was made out of three layers of 
trapezoidal multi- wire drift chambers for the reconstr-uction of trajectories. two laye rs of 
Resistive Plate Chambers (RPC) providing a fast trigger, and aluminum co ils surrounding the 
main magnet doors to create a toroidal field which provided additional bending jlmver Going 
radially inwards, the combined hadron calorimeter and muon absorber consisted of wire 
chambet.,; operating in the proportional mode, sandwiched with L-plates as energy con verter A 
subdivision into 3000 space elements covering the full solid angle (except the beam pi pe) 
allowed local izat ion and determination of the hadronic energy fl o w with about I I °'0 energy 
resolution at the Z pole energy Approximately I 1000 crystals of BGO (Be4GC]O I 2). il 
transparent scin tillator with I . I cm radiation length determined the elect romagnetic energy flow 
An energy reso lution of about 14% and a spatial resolution better than 2 mm was obtained fur 
photon energies larger than I GeV, with a rejection against hadrons of better than 1000 

Surrounding the 10 cm diameter beam pipe, a high preci sion Silicon Microstrip Detector 
(SMD) and a small drift chamber operating in the time expansion mode (TEC) acted as charged 
part icle vertex detecto rs . The SMD consisted of two layers doubl e-faced silicon microst rip 
detectors, each providing readout of the R-and Z coordinates with an intrinsic resolution of about 
7 flm and 15 flm, respectively The polar angl e of the micro vertex detector extended ITom 22 
degrees to 158\) degrees The drift chamber achieved a space resolution down to 45 ~lm The 
combination of TF.e and SMD all owed a good momentum and charge determination for particl es 
with the energy of 45 GeV, an effi cient electron-photon separatio n and a measurement of the 
impact parameter of the tracks of long-l ived charged particles 

EPPG contributed to the design and 1110ullting of elements of th e S\1D as \\ell as to t 

so ft ware development fo r the analysis of data (mainl" \ 1onte Carlo simulation) 

The ph ysi cs program of the U ex periment was very vast and the resul ts were pub li shed 
approximately 250 papers and presented at about 500 conferen ces I will mention here only tv 
of them 

A) Search for the Standard ~odel Hi ggs 
Within the SM [2 2J the Higgs mec hanism is invoked to break the electro\veak symmetry , 

implies the existence of a single scalar particle, the Higgs boson The mass is not specified b 
indirect experimental limi ts are obtained from precision measurements of electroweak paramete 
that depend logarithmically on the Higgs boson mass through radi ati ve corrections The da 
taken prior to year 2000 gave no indication or the production of S\,l Il iggs and allowed onh 
Itl wer bound t1f 107 <) GeV/c2 to be set During the last year llf runni ng LEP, (2000), the da 
samples colJected at a center-of-mass energy exceeding 206 Gc\ extended the search sensil i"i 
ttl masses about 115 GC\ ic2 through the e', e' - ·> liZ (higgsstralliung process} Differe 
experiments from LEP observed an excess of events co nsistent with the production of a S 
Il iggs \vith a mass of I 15 Ge\ '/c2 (r igure 2 2) The data obtained bv the LEP experi men 
(Aleph. Delphi LJ and Opal) scan the energy from 189 to 209 GeV with an integrated luminosi 
of. respect ively. 2461 ancl 5 ~6 pb- l [2 .J) Combining the final results from the four experiments 
lower bound or 114 4 GeV/c1 i~ set on the mass of the SM Higgs at a 95~o confidence level whi 
the med ia n expected limit is 1153 Ge\ lc2 The co mbined LEP data are also used to set a 95' 
confidence lc\el upper hound Oil the t ILl coupling in l1 on-SM 

B) The determination of the nUlllber of light neutrino types 
The most precise measurements or the number of light neutrino t,, 'pes. 'o!. . COllll' from studi 

or I production in e · ,e co llision . The invisible part ia l width, J~ I\l V. is determined by subtractit 
tlie measured visible l 'parlIaI widths. corresponding, to Z decays int o quarks and charged lepto t 
['rom the total Z width . The invisible \\idth is assumed to be due to N, light neutrino species ea 
contributing the ncu trino partial width 1"" as gi\·en bylhe Standard \1odel In order to reduce t 
model dependen ce, the Standard Model va lue for the rati o of the neutrino to chargcd lepton 
par1ial widths, (Ll f r) "M, is used in stead of (L) 'M to determine the number of light neutrino tvpes 

'\J" ([",) f l )( rJ rrh (2 

The cOlllbined resul t from t he four LFP e-.;peri l11ents (Fi gure 2 .l) (A I. [PI L DE LPilI. I, . al 
OP Al, e.\ periments) is N,. '- 2 ()<)4 , 0:0 12 [241 

In :WOO the running of the L3 experiment was ended and the detector dismollllted but tl 
analysis of data continued till in 200 3 by the ('ER~ Ll collaboration The furt her alla h'sis of tl 
obtained experimental material remained to be done by different uni\ersities and institutes fro 
the collaboration 

Our group organized itsel f to continue the anal vsis of the data at Bucharest l 'ni\ ersit\, 
collaboration with Perugia Uni versity, named "post ["1 " The approached subject i~ the no 
conservation of lepto n numbers by families 
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3. ELI!:CTRON-NllCLEllS INTERACTION AT 2-.t GEV AT T.JNAF. HYPERNUCLEJ 
STUDIES 

lIypernuciei studies at Thomas Jefferson Laboratory. 

The collaboration of the EP P Group with Hampto n Uni versity and Thomas Jefferson 
National Accelerato r Facil ity (TJNAF), started in 1995 with the study of strange particle 
el ectroproduction on protons. The main results have been summarized in [3 I] longit udinal and 
transverse cross section separation in A and "i electroproduction , induced hyperon polarization, 
kaon form fact or evaluat ion In 1999 the HNSS (Hypemuclei spect roscopic stud ies group ) 
collaboration began the firs t study oflight hypemuclei produced in (e,e' K ') reactions 
We present here the first results and the perspective of our collaboration in this group 

.'\ is the lightest hyperon Its mean lifetime in free space is 261 IO· H) seconds before it 
deca}'s through weak interaction in to a nucleon and a pion Since, when A is embedded in the 
nucl ear matter the momentum of the outgoing nucleon is below the Fermi momentum, the Pauli 
principle inhibits its decay process Therefore when A is attached to a nucleus it experiences "non 
mesonic decays" These processes are weak interactions bet ween A and a nucleon A + N~ I\j ., 

N in which the final nucleons have a relatively high momentum 
These reactions are interesting because they allow liS to explore the four-fermion strangeness 
changing weak interaction It gi ves a possibility to study 1\ N interaction in the absence of A 
beams 

In order to determine the A nllcleon effective interaction a variety of spectroscopic data. 
particularlv sensitive to the effective spin-dependent potential parameters is needed 1'01 

determining the parameters of the A N potential The reaction (e,e' K ' ) has a large spin-flip 
component producing states of non natural parity and substituting ,\ for a proton in the target 
nucleus This produces hypernuciei charge symmetric to the reactions (K , T() or (n ' , K' ) 
employed previously The cross section for electroproduction can be written by separating the 
virtual photon flux. r. in one vi rtual photon approximation The virtual photon cross section can 
be approximated by the real photoproduction cross section at forward angles The factor r is very 
forward peaked . On the other side, working at forward angles implies electroJl bremsstrahlung in 
the target and a high electron background from Dali tz pair production The TJNAF beam of about 
2 GeV has a momentum spread of IO- -~ which introduces a very small error in the mi ssi ng mass 

The experimental setup is given in figure 31 An electron beam of 18 GeV and 1 fl A 
cu rrent hits a thin target (2 0 mg ICJl1 2) just before a splitting dipole magnet . K ' are analyzed in 
bon spectroJl1eter (SOS) and electrons in the magnetic spectrometer (ENUE). The beam is 
directed into the beam dump The resolution in missing mass is about 600 -- 1000 keY due to the 
poor resolution of the bon spectrometer. Two targets have been investigated ( 12C and 7Li) p .2] 
and a target of CHx was used to observe 1\ and I, production from hydrogen . The reaction of 
interest has been: 12C (e,e' K I )" 128 and the bound levels of ,\ 12 8 have been measured by missing 
mass method A high positron (I O~ ) and pion (I . <I 10' ) background have been removed by the 
SOS detector package 
A si licon strip detector designed for this experiment to detect [he posi tion in the focal plane of the 
ENGE spectrometer has detected the scattered electrons 

r he p (e. e- K ' ) t\i"i react ion has been used to calibrate the mi ssing mass srectru J11 in the S 
detector system The resolution has been determined by using the Dalitz pairs detected in 
reaction in the target A( e,e ' /e ' e-, )A (e ' detected in SOS and e- in ENG£ - SSD ) 

The value of 890 keV is consistent with th e observed resolut ion in the hypernu cl 
spectrum and is the best resolu tion obtained in the binding energy of light hypemuclei The \ 
spectrum is sho\.vn in Figure 3.2 For _" inserted in the s and p shells, peaks are seen (1-,: 
respectively (2 ' ,3' ) The two doublets are not resolved The spectrum is simil ar to that predic 
by Motoba [33] the curves are superimposed as gaussians with 000 keY' reso lution or 
polynomial background 

The binding A energy has been found to be I 14 ..: 05 MeV in good agreement with t 
obtained in emulsion experiments A cross section value computed as in photoproduct 
experi ment s was fou nd 140 ~_ 17 (stat) 18(s),sl) nb/sr consistent with the theoretical value T 

the grl\und state 

The two important characteristics of this study at TJNAF are the fact that in hyper 
clectroproduction both spin- fl ip and non- spin-flip states are available and the spectrometers u~ 

can reach a high reso lution (better than the magnitude of l-s splitting) 
The va lue of the spin-orbit splitting is highly controversial in difTerelll models of _\ N interact 
(boson exchange and quark models) The weak feature of the electroproduction ex periment is · 
low stati stics I n order to keep the background from bremsstrahlung and Dalitz pair product 
low. the intensity of the beam is less than I fl A In this way the integrated intensity on the fo 
plane is 2 lOx e/sec For a long time exposure the most impol1ant requirement is that the be 
should be kept stable at the le\J el of 1O-~ 

Studies or possible r-adiatioJl damage of silicon detectors at this la1e (2 ~ IO~ e/sec ) h, 
been done by Bucharest l~ ni versi ty group j}41 We analyzed the signal /electronic noi se ratio, 
the charge collection effi ciency as a function on the detecto r thickness and electron angl e 
incidence on the detector The effect of a dose of 10-10 kGy fOI' 600 hours of beam time on 
leakage and bulk damage cu rrent of the detector i5 of about 200n A/pitch At the end of 
exposure the signal/electro nic noise ratio could decrease frolll 20 to 10 and the detect 
efficiency is close to 100% 

According III these e\'aluations. a change in the SS D ileo l11 ctrv has been done 
segmenting the detect o r in such a vvay that at any momentu ill electrons hit the detecto r a 
perpendicular incidence In this \Vav the bulk current will have the same value all o\er the fa 

plane 
A problem which arise in usi ng sili con strip det ectors is the electron multiple scatteri n~ 

a relati vely thick solid material which I-esults in a \'v'o l-se resolution For a furtilu c_'pe ri mell 
drift chamber with very th in walls would replace the si licon detecto r 

The program of spectroscopic st udy o f ,\ hypernuclei at TJ NAF continues "ith the 
goal to determine the spi n orbit potential of ;\2xA I and .\~ITi beyond the jJ shell by achie\ing a 
better resolution (600 keY) 

4. PROTON-PROTON I~TF.RACTIONS AT LHC. THE eMS F.:\PERIMENl 

The search for the Higgs bosoll and other re~earch is fo reseen to be done a1 CER\i by f 
experiments in four intersections regions of LHC One of them is ('1\15 (Centra l f\1 agn' 
Solenoid ) (Figure 4 I) As the LHC is expected to provide beam in 2006, the experiment s 



now in the preparation stage. The EPPG is involved mostl y in studying, designing and the 
construction of the tracker system of the eMS experiment. 

The tracker is mostly constructed from elements o f silicon microstrip detectors The total 
area of the silicon detector is - 200 m2 (Figure 42). One of the specific situations of th is sili con 
system is that it must work long time without major interventions in a high radiation fi eld As it is 
located in the middle of the e MS detection system every intervention will require the shut down 
of the whole complex for about 3-5 month which is costly and time consu ming. So the detector, 
du ri ng its runni ng ( 10 year) , has to support fl uences around IOl ~ particles per cm2 without major 
change in detect ion properties 

Special studies were performed to find the best condi tions to be fulfill ed and to optimize 
the system The main results were that in order to avoid the radiation effects on the detector 
elements, the bias voltage must be greater than usual ( - 400 V) [4 I], the silicon wafers have to be 
cut from a medium resistivity (1-2 kohm cm) material [42] with the crystallographic orientation 
< 100> [43]. Also fi eld plates and guard rings have to be introduced for avoiding the regions with 
il high potential gradient (Figure 43) [44] 

Our team participated to the design and the construction of silicon detectors at IN FN Pisa 
and INFN Perugia, Italy . In addition, IMT Bucharest produced all dummy detectors elements 
used for mechanical and thermal tests Now the activities are continuing for the full construction 
of the tracking system 

5. ST UDIES IN COSM IC RA YS WITH A L PUA MAGNKTIC SPF:CTROMETER (AMS 
EX PF:R IM F: NT) 

Studies connected with SM were donc also ill Cosmic Rays (CR) The main goal of the 
AMS experiment was the detection of primordial alltimatter Tilc apparent absellce of antilllatter 
in uni verse is one of the major puzzles in physics . All theories concei ve that at the beginning o f 
our universe, at the Big Bang, equal amoullt of matter and antimatter was produced The present 
extreme preponderance of matter over the anti matt er rai ses the problem of the fate of the 
primordial antimat ter The absence of the anni hilation gamma ra y peaks excl udes the presence of 
signifICant quantities of antimatter with in distance of the order of several Mpc from the solar 
system 

Different scenarios were conceived in order to explain the present local unbalance 
Some ideas are based on the CP violat ion and baryoll number non-conservation, which 

determines the disappearance of the antimatter so that only the matter remains Other ideas claim 
that the two worlds, one of matter and other of antimatter, still exist but are separated by big 
distances so that they have no possibilities to contact and therefore no significant annihilation 
exists [n this second case, it is conceivable that some very fe w elements of antimatter can be 
present in CR, The detection of antimatter in CR will enforce this second hypothesis 

The antimatter discussed is especially hadronic one This means antiprotons and 
antinuclei The presence of antiprotons was al ready observed but these antiparticles were of 
secondary origin appearing in the interactions of the primary cosmic particles with the terrestrial 
and extraterrestrial matter. The cross section of pair (proton-antiproton) production is sufficiently 
large so that a detectable amount of antiprotons should exist in CR In these conditions we need 
to study the presence of anti nucl ei in primary CR because the probabi lity of their producti on. as 
the results of secondary interactions, is extremely small so that the detection of at least one nuclei 
of antihelium or anticarbon will be suffi cient to demonstrate, with a great probability, the 
existence of anti world 

rhe .\\1S C\periment Jlr(lp,lSl'~ lu II~C a eOlllplc\ de tec tion ~\ <., tl' 11 1 c ( l ll t aiJlill ~ il \\ i 
angle spectrOll1eter \\ ith a microq l-i p ~ilic(}n trade r cietec lC1r ~UIT(l L llld ed b\ il ~l'Iie~ of l1(1 
detcc t or~ The s\ste lll \\ill ih (111 till' Illtl'rlliltiollaJ Silacc Statl(11l (h~LIIC ~ I I l(lr th ree \t'ar~ 

The appro \ l'd c\pelimcilt \\a~ l\l rCSt'Cll to take pl ace ill t\\ U ~t<1~ l'~ III il li J' <.t sta~ 
PlOtot\j)C v.a ~ cOllstructcd (I ·iglilc 5.2) an d Ile \\ ~lIccl'ssfLlII\ fur a rather ~h o n ti1ll e ( 10 da\s) 
the DiscO\ c!'\ () I siluttl c ("' i~LJr(' 5'1 The lirst stage of thl' e\peril lll'llt had se\ cral ~(l al~ 

--to pro,e that sLlch all e\: j1crilllellt is ac hic\abk, 
--to sho\\ the \\ 'a\' to illlpro\e the i n~ ! allat i o n and 
--tll llhtaill da ta (or a picl imillan ph\si ca J alla"sl~ 

fhese goals \,ere ac hie\ ed alld the allal\si, uf the perfori llallcc sho\\ s that the C\perirn 
Cilll successrul" hc dOlle alld that some illlprm Cillellts ill the detectiL1n S\ stelll are suitable T 
Ilwst illlronililt challge \\as ill thc L1~t'd /lla~llet If the protot\ r C (-\\1S I) had a rermane 
Ill (l~llet. r(ll the seC(1lld stage ,1f the e\:perillleill ( -\\ IS .2) (Figure 5 -1) it \\as decided to us 
slipercullducting magllct Such a ma~n ct will pn1\idc a helldin~ PO\\ er ()f 13 1 =- 0 R6 1'\1 : alld 
Ilill raise il t kCl~t olle (If(kr OflllCl!;!llirudc thc ."IK'clrOlllctcr maglle tic !ield It lias also decid ed 
imp ro\ e the t'\ iqill~ detectl1r~ or t,l add <.,,'11)(: Ile\\ detectors in ,1ldel \,1 illlprl1\ l' th e pa rti 
idClltiriciltioll cilpabilit\ 

Ihe nC I\ tra~kcr \\ il l be made jJ-Olll eig ht la\crs (0 -15 Ill') (1( double-sided silic 
Illluostrip detectol '.', \\ hi ch 1\ ill pro\ ide ~ coord ina te resoluti oll of 10 pm ill the bending pia 
alld; (J uln in the nOIl-bl'ndin g planc ( I ' i ~urc 5 5) 

\ tran~itillll K.aciiati (ITl Detector (T RD ) I\ill be added to ieientiK I)(;s:,w ns against hadro 
ill the I all~l' I 5 ,00 Gc\ \\ ith a rejectioll factor of 100- 1000 

\ Iso thel e \\ ill bc added 0 1' redesi~ned a s\nchrotron radiat ion detector (SRD ), a Ril 
Iin agi n~ Clle l'cnko\ Clll1llter (RICII ) to n lca~Ule the chal~t' of p art icle~ and the \ clocit\· \\'i 
U 1 

0 

accuraC\ and illl L1 ec t rollla~l1etic ca lorilnetcr (LeAL ) made uut of 15 Xu of lead and pla st 0 

fihns \eto Cl1UIlIers surrounding th l' ac ti\c area \\ ill allcl\\ being accepted ollh particle passil 
throug ll the Inagnl't aperture .-\ tilllc of Ilight hllduscopes ( rO F) \,il l prO\ ide tillle of nig 
measureillents \\ itll a ~()od Plec ision ( I.2U P<;) . d l ~ d\ Illeasurelllcnts and \\i1 1 prm ide II 
plilnar\ trigger 

The des ign ilnd const ruct in n ,1(th c seCll!ld ~tagc detecti l~!1 s\s tem \\ IS ~ hegail III 1')( 
and ha" tl) he !lllished in ~ ()U -1 and Ilwunted \111 ISS ill ~ 005 Its mi ssio n is scheduled to last I'ur 
5 \ears 

Our gr(lUp pla\ed an ilnpo rta lll rllle ill the design, testing and the C(ll lSt '·LKtiun uf tl 
[racker ~ \Sl l'lll, f(ll ' b,lth stages u!'thc c\pl'rinll'llt 

.-\ \ I S on tht' STS-91 flight 

ULlrill~ the pe li(l d ~-I ~ JII lle I()<)X the I)i sco\ en SlS- Il) ~hllttk perl'OllllccI 1'i -1 orbit s ; 
illl illclillati o ll or 51 7 " at an altitude bet\\ L'l'1l .'.2 (J alld N (j kill l)uril1 !..' I/;-1 hou l~ tillle til e .,\\1 ' 
I c,l llectcd abllL1t IO~ (' \ Cl1t5 , \\ hich \\l'fl' ilnah /cd sC' ilrcilillg fnr de~trolls, pI·otllllS , IlLlclei all 
lheif al1tipa rticles 

" Cll1llPilli~1l1l uf the result<., llbtai ,1ed Ly\ \\ IS in 10 dil\ ~ ili~h t. \\ ith all \l\h (,1 e,ist ill 
da t a (Figllre 5_0) shov. that e\ en ill sLlch a sllort night \.lUI resliit compctl' \\i t h a II til l' c\is tillg. ( 
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A Compact Solenoidal Detector for LHC 
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4,1 Artist view of the eMS detection complex 
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5.] The shuttle Discovery STS 91 close to 
Lounc h P6d 6nd in flight (photo token from the 
Mir station) 
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5.4 Schematic view of t he AMS 2 
detector complex. 

i 
.. 
~~ 
Il" 10 

i~~ 
'-: -.5 QI 

'.~ '0,'- ~Jj,ri;t i 
g 

,;a c;IfI 'x 
.~ ~~ Cl ~ 

i~~ 
I!!" 0 . 8~98 
<1O,c\ . ,. .,. \,.. \ " ", "., I" , 

~i 'l 
. ) !J HIL ... rt ~L. u.nuo; J IL, ~ 

I1J 
"'C 
'iF.us 'lJSUaS U03T[l:; 

J:. 
c: 
c 
c: 
c 
ti 
I1J 
c: 0>c: "0 

"0C 
u .rg
~ c 
v. Cf) 
c: ~ 
v. 
\U <t: 
c c.... 
v. ro 
~ c: 0 
c: > 
I1J Q) 

t:t: 3= 
~ 
¢J ~ 

"t: LD 
~ 
.! 

Ct 
~ 
C 

<I.l

'> 
~ 

U 
'':; 
ct 
E 
¢J 
~ 
u 

t:t: 



• • 

10 
o U.8 < 18,,1 < 0 .9 ~ 
• 0.9< le.. I < 1.0 
"" 1 .0< I~ I

~~6 
Of, .... 
¢. ..... r!. 

OCW"'l...rfd0a.."..1d t f ~ . , • .- Oo ..ft .-.: I'd 
a 021,,",I ~o..3 

, ~ .Iau\< 0.2 
 . o.,. ,e,.'. ", 

4 ... t , I, .. , · A.tl .. lt$ , 0... ' ....' .01 ' ''~'~ I ' '" '"t l , ' . .. f..4 .. 1'3..,1 ~ () 'l.. , I;, ' :'r ~~Ei~:~. .... 
'e .. 

t, ~ , .. ·"··111c..·O 
til i1 ' • 

t ' • I. 
I, 

It " 

D: 

c o..: • .aul .o.l 
• ()-) ~ Ja..J c 1.0 0 (1 • .9...1- 021,,'~11::. , 00I' ~.I.o.9I".,G: 

I, 

.; j ft 
lili ithft 

f)"~ d) t e) I 1
99 o~ ~ 
~~ . 

\! 
:-... -4> 10 
4) 

t... -!i 
~ *'tItt 10 
o 
IJ 

11'1 


C\I 

E o 
-1

_10 '0 
)C : - Do 

::J *4-. ~ ~ 


. 0 

10 • 0 


db.' DO 


u:: -2 ~ 

., 
~ 

°Jt· 
• 0 

t 
# ' 0 9?19~ 

C) e+ d) e+I 
10 -!i "11,,1 "'II'd, I' , "II,,,i " ' I ,!! I 

10 -1 10 10 - I 10 

E... CGeV)
5,7 F'1Il( spet:tra for the downgoing electrons and positrons 
separated according to the geomagnetic latitude I8M1 at 
which they were detected.(5.7) 

,,'
"" ~tC. E"",gy (G.."l 

5.B FUI spectra for downwiUd and upwald going protons. 
8t:cording 10 the geomagnetic latitude 19MI15 7/ 

2 
1 0 ~ 0 0 < 18 I< 0.4 

I 

DDDDDD M

DD DD 
 • 0.4 < 18MI< 0.8 

"7'.-. 10 ~ Cl 0.8 < 18MI 
> •• ~D-Q.
CJ • 
... 1 ~ ." o· •••• 
Co) o 
CU
." -,

10 I: ? ••"'E j a 
s 
••i~,o :tttH! t , 

'0 -L i 
2 

10 10 
Rigidity (GV) 

5.9 Helium flux spectra for the zenith pointing data 
according to the geomagnetic latitude IQMI [5.7] 



80 

60 g ')./-- -------',~ ( " ~ ~ 
~~~~ ~ ~ : : ' :,~ ,<- ' --, , 

~ , '':::

-4 

Q !f~~~=80~ ')~ 60 ~ 

-1S0 -100 -so 0 SO 1SO 
longrtude 

80 ~ Short lived protons detected at 10MI < 0.3 

40 ::~'~:~~~~£i;~l~~~~i~~;i~-""'/'-
o " I 

~ 
~ -40 

~ 
~ 

!J= 80 

c:g,40 
~ 

D 

-150 -1 DO -50 0 SO 100 

Origin Longitude (degrees) 

BO 

60 
t 
i 40 

I 20 

& 
"C 
:::s 

.....
.t:: I:!"'~ ~ ~ H\ 
." 
-I 

·150 -100 -50 0 

Longitude 

510 The geographical origin of!) longlive;:d leptons (c' c ' ]I) protons and Ill ) helillm 
nudci, The dashed lines Indicates the gt:omagnetll: field c()ntour~ J tl~(l krn /5 .7/ 

11 


