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THE ALPHA MAGNETIC SPECTROMETER (AMS)�Jorge CasausOn behalf of the AMS CollaborationUnidad de Físia de Partíulas, CIEMATAvda. Complutense 22. 28040 Madrid, Spain(Reeived May 6, 1999)The Alpha Magneti Spetrometer (AMS) is a large aeptane mag-neti spetrometer to searh in spae for antinulei in osmi rays with asensitivity 104 times better than ahieved previously. In its �rst mission,AMS went into a ten day orbit on the Spae Shuttle Disovery in June1998. In this paper we brie�y report on the detetor performane duringthis �rst �ight.PACS numbers: 95.55.Vj, 98.70.Sa1. IntrodutionThere is strong experimental evidene supporting the Big Bang originand evolution of the Universe (for example from osmi mirowave bak-ground measurements [1℄). Aording to this model, the evolution of theUniverse is based to a large extent on the interations of the elementarypartiles at very high energy (� 1 TeV). The urrent desription of theinteration between elementary partiles (Standard Model), whih has beensuessfully heked up to energies O(1 TeV), suggests that matter and an-timatter where equally abundant at the very hot beginning of the Universe.However, experimental evidene exludes to date the presene of antimatterwithin a distane of 10 Mp from the earth [2℄.Attempts to reonile these observations with osmologial models thatdo not require new physis have failed [3℄. In order to desribe the evolutionof an initially symmetri universe to an asymmetri universe (baryogenesis),it is mandatory to extend the Standard Model with new interations betweenelementary partiles, mediated by very massive intermediate vetor bosons� Presented at the XXVII International Meeting on Fundamental Physis, SierraNevada, Granada, Spain, February 1�5, 1999.(2445)



2446 J. Casaus(M > 1014 GeV), whih violate the baryoni number onservation as well asthe symmetries C and CP [4℄.Modern baryogenesis models either predit an universe free of antimatteror deal with the possibility that the Universe ontains matter and antimatterdomain strutures larger than the sizes of lusters of galaxies (� 20 Mp).Sine di�erent models may involve di�erent sorts of CP violating meha-nisms, the determination of whether the Universe does or does not ontaindomains of antimatter beyond our loal superluster of galaxies is of greatimportane to partile physis. Moreover, the strutures whih would beimplied by a positive detetion of antimatter would be related to a numberof issues, suh as in�ation and domain walls, that have deep impliationsfor both osmology and partile physis. However, the available matter-antimatter models are experimentally disfavoured and even exluded in greatgenerality with the urrent understanding of osmology [5℄.2. Previous antimatter searhesLimits on the abundane of antimatter have been obtained by two meth-ods in the past:1. Searhes for -ray exess from annihilation of matter and antimatterpartiles in the interstellar or intergalati gas.2. Searhes for antipartiles in the osmi rays.The �rst tehnique requires a knowledge of the gas density, and is there-fore limited to sales less than the size of lusters of galaxies. Negativeresults from this indiret method establish that if antimatter is to exist insubstantial quantities in the Universe it must do so on the sale of lustersof galaxies or larger (& 20 Mp).Conerning the seond tehnique, in the last 20 years balloon-borne ex-periments have searhed for antimatter in the osmi rays. The output ofthese searhes is:1. Small exess above the Leaky Box model [6℄ for seondary produtionof positrons [7℄ and antiprotons [8℄.2. Limits at the level of 10�4�10�6 for antinulei to nulei ratios [9℄ withZ � 2.Of all the tehniques used to searh for antimatter, diret searhes ofosmi rays, partiularly osmi ray nulei with atomi number greater thanor equal to 2, are probably the most reliable. Unlike the seondary produ-tion of antiprotons, it is exeedingly di�ult to produe heavy antinulei inollisions involving ordinary osmi rays and interstellar material [10℄.



The Alpha Magneti Spetrometer (AMS) 24473. The AMS experimentThe Alpha Magneti Spetrometer (AMS) [11, 12℄ is a spae-borne par-tile physis detetor designed to measure the amount of antimatter nuleipresent in osmi rays to a muh higher preision than ahieved to date.The improvement in the sensitivity is ritial to the goal of deteting osmirays from antimatter domains.The AMS researh program is organised in two di�erent phases. OnJune 1998, a �rst version of the detetor was launhed on the Spae ShuttleDisovery (STS-91). During the ten day mission, AMS was alloated 100hours of primary time to perform system heks. In year 2003, the �nalversion of AMS will be installed in the Internation Spae Station (ISS).AMS will ontinuously operate during a minimum period of three years.Several modi�ations are foreseen in order to improve the resolution andidenti�ation range of harged partiles as well as photon detetion.In addition to the antinulei searh, the AMS partile identi�ation a-pabilities also allow to measure the abundanes of positrons and antiprotonsin osmi rays. An anomalous yield above the expetations from seondaryprodution ould be the signal of non-baryoni old dark matter annihilationin the halo of our galaxy [13, 14℄.On the ISS, AMS will also operate as a -ray telesope within a wideenergy range. Due to its design features, AMS will be able to ontinuethe study of galati and extragalati -ray soures begun by the EGRETexperiment [15℄.Finally, AMS will improve the urrent measurements of the isotopi om-position of the light elements in the osmi rays and thus inrease our un-derstanding of osmi ray prodution and propagation in our galaxy.
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Fig. 1. Sensitivity of AMS after 3 year exposure in the searh for (a) He; (b) Z > 2antinulei (95% C.L.). He sensitivity is ompared to a predition of a matter-antimatter symmetri universe.



2448 J. CasausFigures 1a,b show the urrent limits for antinulei to nulei ratios in os-mi rays together with the AMS sensitivity after a three year exposure. In�gure 1a we have inluded the predition for a matter-antimatter symmet-ri model [16℄ inluding the osmi ray propagation from its origin to theAMS detetor [12℄. As seen in the �gure, the urrent limits are not sensi-tive enough to test the existene of lusters of galaxies made of antimatter,whereas AMS will be able to detet an antimatter onentration typiallyone thousand times less than the predition based on this model.4. The AMS detetorThe AMS on�guration for the Shuttle �ight (�gure 2) onsists of1. a ylindrial permanent magnet with a geometrial aeptane of 0.6m2�sr whih provides a rather uniform magneti �eld of 0.15 T per-pendiular to the bore,2. a set of six layers of double sided silion mirostrip detetors with aresolution of 10(30) �m in the (non-)bending plane,3. a ounter system onsisting of four planes of time of �ight (TOF) witha resolution of 100 ps and a set of antioinidene ounters (ACC)overing the magnet inner wall,4. an aerogel threshold �erenkov ounter (ATC) with a refration indexn=1.035.The detetor is overed with a low energy partile shield and rests in analuminum support struture. The weight of the experiment plus the supportsystem is 4100 Kg and the total power onsumption of the AMS eletronisand subdetetors is below 1 KW.
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Fig. 2. AMS experimental setup for the STS-91 �ight



The Alpha Magneti Spetrometer (AMS) 2449When a harged partile goes through the magnet bore, its trajetoryis bended. The silion traker allows to determine the rigidity (p/Z) of theinoming partile providing up to six preise three dimensional points toreonstrut the trajetory. The momentum resolution is 7% for 10 GeVprotons. In addition, the energy deposition in eah plane by the partileallows a determination of the harge absolute value. Finally, the urvaturediretion �xes the harge sign of the partile.The traker response is idential for a downward going partile and forits orresponding upward going antipartile. Preise time of �ight mea-surements prevent this onfusion and allow a determination of the partileveloity with a resolution better than 3%. In addition, TOF ounters alsomeasure the energy deposition and thus provide another measurement of theharge magnitude. Finally, the oinidene of fast signals in several layersis used to trigger the event.The remaining subdetetors are used either to rejet bakgrounds omingfrom partiles whih go through the magnet (ACC) or to extend the rangesof partile identi�ation (ATC).The foreseen detetor upgrades for the AMS seond phase are1. a superonduting magnet whih will inrease the magneti �eld,2. a transition radiation detetor to improve positron identi�ation,3. a ring imaging �erenkov ounter whih will extend the range of preiseveloity measurements,4. a three-dimensional alorimeter to measure the energy of eletromag-neti partiles and to redue the hadroni ontamination.Detailed Monte Carlo studies for the new subdetetors have been per-formed and their �nal design and onstrution has already started.5. AMS performane on the Spae ShuttleOn June 2, 1998 AMS was launhed on the Spae Shuttle Disovery fora 10 day �ight into an orbit similar to the one foreseen for the ISS (380 Kmaltitude and 51.6 Æ inlination).The AMS main goals were the full detetor performane veri�ation andthe study of the bakground for the antimatter searh oming from down-ward going and upward going misidenti�ed nulei (albedo 1).1 The albedo nulei are osmi rays de�eted by the interation with the earth at-mosphere and magneti �eld. The previous knowledge of the yield and momentumdistribution was based on short duration measurements with balloons at a height of40 Km.



2450 J. CasausFour hours after the lifto�, AMS went into normal data taking. Dataolletion spanned 200 hours (90% of the total mission duration) with a totalof 100 million events reorded on tape.The exellent AMS performane is illustrated with a few examples ob-tained on a small sample of �ight data.Figure 3a shows the time di�erene between the partile hits on bottomand top TOF planes. Negative values orrespond to upward going partiles(albedo). The disrimination power between positive and negative time dif-ferenes an be learly seen in this �gure. The partile veloity derived fromthis measurement (�gure 3b) is onsistent with the expeted resolution 1.a) b)
Fig. 3. Partile time of �ight di�erenes (a) and reonstruted partile veloitydistributions (b) as desribed in text.Figures 4a and 4b illustrate the AMS partile identi�ation apabilitiesusing the measured energy deposition in the sintillators and in the sili-on traker as a funtion of the reonstruted partile rigidity. In additionto proton and helium, eletron and seondary pion bands an be also dis-tinguished at low rigidities. Finally, traker dE/dx measurements allow todetermine the absolute harge of light nulei heavier than helium.Out of the total sample of olleted events during the ten day �ight,no antinulei andidate has been found. Preliminar analysis shows that theorresponding antimatter limits are already ompetitive with the best limitsto date.Final results on p; �p; e�; e+ and nulei �uxes at di�erent geomagnetilatitudes as well as antinulei limits are in progress and will be availablesoon.1 The bulk of the data in this spei� sample are ultrarelativisti partiles. Therefore,the main ontribution to the veloity distribution width omes from the resolutionin the measurement.



The Alpha Magneti Spetrometer (AMS) 2451a) b)
Fig. 4. Energy deposition in (a) TOF and (b) traker as a funtion of the measuredpartile rigidity. 6. ConlusionsAMS is the �rst sensitive magnet spetrometer in spae designed to arryout the most intensive searh ever done for osmi rays made of antimatter.The �rst mission, a ten day �ight on the Spae Shuttle in June 1998,was mainly devoted to detetor performane veri�ation and bakgroundmeasurements.During its �rst �ight AMS reorded 100 million events with an exel-lent overall performane. No antinulei andidate has been found. Finalresults on osmi ray �uxes and antimatter limits are in progress and willbe available soon.The suessful ompletion of the �rst �ight has provided us with theneeded experiene to fae the long term exposure on the International SpaeStation starting in year 2003. REFERENCES[1℄ D. Fixsen et al., Astrophys. J. 486, 623 (1997); G. Hinshaw et al., Astrophys. J.464, L17 (1996).[2℄ G. Steigman, Ann. Rev. Astron. Astrophys. 14, 339 (1976).[3℄ P.J.E. Peebles, Priniples of Physial Cosmology (Prineton University Press,Prineton, 1993).[4℄ A.D. Sakharov, JETP Lett. 5, 24 (1967).[5℄ A.G. Cohen, A. de Rújula, S.L. Glashow, Astrophys. J. 495, 539 (1998).[6℄ R.J. Protheroe, Astrophys. J. 251, 387 (1981); R.J. Protheroe, Astrophys. J.254, 391 (1982).
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