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JLC PROJECT�Takayuki MatsuiKEK, National Laboratory for High Energy A

elerator Organization1-1 Oho, Tsukuba, Ibaraki, 305-0801 Japan(Re
eived April 8, 1999)A brief overview is given of the JLC proje
t that is promoted to ex-plore a new frontier of e+e� 
ollider physi
s, sele
ting topi
s of the physi
smotivation, the dete
tor 
on
ept, the progress in A

elerator Test Fa
ilityat KEK and the internationalization of the proje
t.PACS numbers: 29.17.+w 1. Introdu
tionThe JLC proje
t started as an energy frontier e+e� 
ollider physi
s pro-gram re
ommended by the Japanese High Energy 
ommittee in 1986. Basedon various R&D a
tivities we 
ompleted the �rst e+e� linear 
ollider proje
tdesign report JLC-I that systemati
ally des
ribed the physi
s, the dete
tor
on
ept, the a

elerator 
omplex and its appli
ation to X-ray laser produ
-tion [1℄. Sin
e then the prin
ipal guide line for the proje
t promotion remainsun
hanged in
luding a further internationalization of the proje
t.In the 2-nd plenary meeting held in Feb.,1997, the Asian Committee forFuture A

elerators (ACFA) announ
ed its endorsement of the e+e� linear
ollider as one of the major future fa
ilities in the Asia-Pa
i�
 region. Inthe international 
ooperation, we are promoting the R&D works to buildthe JLC-I fa
ility whi
h 
overs the e+e� 
enter of mass energy range upto about 500 GeV with a design luminosity of 1:5 � 1034
m2se
�1, 3 timeshigher luminosity 
ompared with our original design.This high luminosity e+e� 
ollider will be 
apable of produ
ing 0.5 mil-lion Higgs events at ps = 250GeV within 5-6 years, if the Higgs exists below150 GeV. Besides the important role as the Higgs and top fa
tory, the JLC-Ifa
ility has a major physi
s potential as a Z-fa
tory and a W -fa
tory with� Presented at the Cra
ow Epiphany Conferen
e on Ele
tron�Positron Colliders,Cra
ow, Poland, January 5�10, 1999.(2041)



2042 T. Matsuipolarized beams and with a two order of magnitude higher luminosity thanthose of existing fa
ilities.The proposed JLC-I is the phase-I ma
hine of the entire JLC programand to explore a new frontier of lepton 
ollider physi
s with a modest ex-tension of te
hnologies at hand.2. Physi
s motivationThe most important target in the present high energy physi
s is to dis-
over and study the Higgs boson whi
h is still the missing 
onstituent of theStandard Model. Although the top quark was dis
overed at the Tevatron,the detailed study of the top quark remains as one of the most importantphysi
s. The top quark de
ays dire
tory Wb in its dominant de
ay mode,whi
h leads to a large top width. Be
ause of this large top width the topquark de
ays before entering the non-perturbative regime. Therefore thetop quark is the best pla
e to determine the strong 
oupling 
onstant in theperturbative regime. Sin
e QCD e�e
ts remains well under 
ontrol even inthe threshold energy region, we may also extra
t other smaller e�e
ts su
has the Higgs ex
hange 
ontribution.The dis
overy and detailed study of the Higgs boson is the most urgentexperimental task for high energy physi
s. The re
ent ele
troweak data arestrongly suggesting the existen
e of a light Higgs boson. The present upperlimit of the Higgs mass at the 95% 
on�den
e level has been reported to be280 GeV by a global ele
troweak �t to all experimental data in the theoreti
alframework of the Standard Model [2℄.The most ex
iting possibility is the dis
overy of the Higgs boson with amass less than 150 GeV. The mass range is parti
ularly interesting from theview point of grand uni�ed models with the grand desert hypothesis. Also,it is well known that the light Higgs must exist in this mass range in thesupersymmetri
 extension of the Standard Model.On
e the light Higgs boson is observed, then the next important stepis systemati
 detailed studies of its de
ay properties looking for the newphysi
s beyond the Standard Model, whi
h would be possible only at highluminosity e+e� 
olliders; pre
ision bran
hing ratio measurements of theHiggs boson de
aying into b�b, 
�
, gg and 

.Figure 1 shows 
ross se
tions of the Standard Model pro
esses; muon pair(�+��), �ve �avored quark pair (�q�q), top quark pair (t�t, mt=175GeV),gauge boson pairs (ZZ and W+W� in j 
os �j <0.8). Also shown are Higgsboson (Zh, mh=120GeV) produ
tions and sparti
les of the minimal super-symmetri
 model; Higgs boson pairs (H+H�, mH=190 and 410GeV, HA,mH = mA=400GeV), s
alar muon pairs and a 
hargino pair. It is obviousthat there are many important physi
s to be done as next step pre
ision
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Fig. 1. Various 
ross se
tions(�(fb)) of e+e� 
ollisions at ps < 1TeV. Standardand expe
ted new physi
s pro
esses.measurements relating to W=Z physi
s, QCD and two photon physi
s afterthe existing large-s
ale experiments at HERA, LEP and Tevatron.The JLC-I is a reasonable next step fa
ility motivated by our presentbest knowledge of high energy physi
s.3. Dete
tor 
on
eptThe e+e� annihilation experiments in this energy region have the ad-vantage that fundamental parti
les su
h as W , Z, top and Higgs 
an bere
onstru
ted through a jet-jet invariant mass method due to its simpleexperimental 
ondition. The high resolution hadron 
alorimeter plays animportant role in the new dete
tor system that makes a good use of this ad-vantage, though we rely on the tra
king information for the 
harged parti
lesto a
hieve the best jet-jet invariant mass resolution.



2044 T. MatsuiFor the identi�
ation of W and Z by re
onstru
ted masses we requirethat the jet-jet invariant mass resolution should be 
omparable with thenatural widths of gauge bosons (�W=1.8GeV, �Z=2.5GeV).Sin
e the most important physi
s target is the Higgs boson, the dete
torshould have a potential 
apability of studying the details of its nature. Inthe Higgs produ
tion pro
ess e+e� ! Zh, Z ! `+`�, the Higgs massand width are measured by the re
oil mass of the Z. There is a limitationin the re
oil mass resolution by the initial beam energy spread. In the
entral tra
ker design, therefore, we require that the re
oil mass resolutionshould be 
omparable with the beam energy spread of 0.1 %. This resolutionrequirement for the tra
king devi
e is more stri
t than that for the 
hargedparti
le tra
king to get the required jet-jet invariant mass resolution.For the detailed studies of the Higgs (h ! b�b; 
�
; gg) and top (t ! bW )it is essentially important to have good �avor tagging e�
ien
ies of bothbottom and 
harm quarks by the high pre
ision vertex dete
tor.Taking into a

ount these requirements and the future extensibility weare now 
onsidering the large general purpose model dete
tor (Fig.2).
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Fig. 2. S
hemati
 view of the JLC dete
tor. The total volume is 16� 16� 16m3,and it weighs 15,000 tons. Superimposed is a Higgs boson produ
tion event atps=300GeV assuming mh=120GeV, (e+e� ! Zh, h ! b�b, Z ! �+��) Thesimulation is based on GEANT3.21.The large 2 Tesla super
ondu
ting solenoid magnet is pla
ed outside the
alorimeter in order to keep the hermeti
ity for the 
alorimeter system. Theenergy resolutions of the 
alorimeter that 
onsists of lead-s
intillator layerswith readout �bers are �E=pE = 15%=pE � 1% for ele
trons/photons and
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t 2045�E=pE = 40%=pE � 2% for hadrons. The 
alorimeter 
overs the polarangular range of j 
os �j <0.98.We adopt a small-
ell jet 
hamber as the 
entral tra
ker to a
hieve a goodz-dire
tion resolution and two tra
k separation. The momentum resolutionof the 
hamber is designed to be �pt=pt = 1:1� 10�4pt � 0:1%.At the 
enter of the dete
tor very 
lose to the intera
tion point, thereis the CCD vertex dete
tor, whose innermost radius is 2.5 
m from thebeam line. The impa
t parameter resolution is expe
ted to be Æ2 = 11:42 +(28:8=p)2= sin3 �(�m2).Test dete
tor modules have been 
onstru
ted for ea
h 
omponent; theCCD vertex dete
tor [3℄, the small-
ell jet 
hamber [4℄, and the tile-�ber
alorimeter. Espe
ially the progress in the 
alorimeter R&D is remarkableand the response measurements have been done using the beam from theKEK 12 GeV proton syn
hrotron [5℄. We are going to bring the test moduleto Fermi Lab. to look at the high energy response in the next autumn.4. A

elerator Test Fa
ilityThe JLC-I ma
hine is a huge 
omplex of a

elerator 
omponents anddesign of any one 
omponent may strongly a�e
t that of the other, even ifthey are very far apart. The a

elerator parameters on whi
h the overalldesign is based are the energy, the a

eleration frequen
y and gradient, therepetition rate, the number of bun
hes in one RF, the number of parti
lesin one bun
h and the beam size at the outlet of the damping ring, et
.Sin
e the beam spot size at the intera
tion point is limited by the initialbeam emittan
e, it is essential to produ
e a ultra-low emittan
e beam with areasonable damping time. To 
on�rm experimentally its feasibility, we have
onstru
ted ATF(A

elerator Test Fa
ility) at KEK. The ATF 
onsists oftwo major 
omponents: a 1.54 GeV S-band inje
tion lina
 and a dampingring (Fig.3).
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2046 T. MatsuiThe inje
tor 
onsists of a 
onventional thermioni
 gun, a 357 MHz sub-harmoni
 bun
her, and a 3 m long S-band bun
her stru
ture whi
h is fol-lowed by 3 m long 
onstant gradient traveling wave stru
tures. The overalllength of the lina
 is 75 m in whi
h 18 stru
tures, fo
using magnets, andvarious monitors are pla
ed.The 
ompressed pulse by the SLED 
avity is divided into two and fedto ea
h stru
ture providing an average a

eleration gradient of 40 MeV/mwith beam loading. The two stru
tures are operated with slightly di�erentfrequen
ies, whi
h 
ompensates the energy di�eren
es and keeps the bun
h-to-bun
h energy spread to about 0.15 %.The invariant emittan
e at the entran
e of the regular se
tion is expe
tedto be 3�10�4 m. The emittan
e blow-up in the inje
tor is required to be lessthan 50 % in order to mat
h the ring a

eptan
e. The latti
e was designedto meet this requirement with a minimum spa
e fa
tor. Two triplets areonly pla
ed at the upstream end and doublets are limited to the �rst half ofthe lina
. The remaining half of the lina
 simply 
onsists of singlets.The design goal of the ATF damping ring is to produ
e a verti
al invari-ant emittan
e of 5�10�8 m and a horizontal invariant emittan
e of 5�10�6m under the multi-bun
h operation with up to 20 bun
hes spa
ed by 2.8nse
. The damping times are designed to be as short as 6.3 mse
 horizon-tally and 8.3 mse
 verti
ally by virtue of wigglers. The damping ring has ara
etra
k shape and its 
ir
umferen
e is 138.6 m. The length of the straightse
tion is 25.8 m, while the average ar
 radius is 13.8 m.In order to a
hieve the ultra-low emittan
es we apply a FOBO type lat-ti
e in whi
h the defo
using bend is pla
ed at the dispersion minimum point.Ea
h ar
 
onsists of 18 
ombined fun
tion FOBO 
ells and the horizontaland verti
al phase advan
es are designed to be 140 and 52 in ea
h 
ell.To redu
e the damping time we use wigglers whi
h are pla
ed in the dis-persion free spa
e so that they also help redu
ing the equilibrium emittan
e.The wigglers have an e�e
tive �eld of 1.88 Tesla and a wiggler period of 40.0
m. The wigglers are pla
ed in one of the straight se
tions and the totallength of the wiggler se
tion is 21.2 m.The beam operation of the ATF damping ring began in January 1997.After the su

essful 
ommissioning of the lina
 and damping ring, variouse�orts have been made to get the stable operation of the ATF. Also, theextra
tion line from the damping ring was 
ompleted in November 1997 forthe detailed beam diagnosti
s. In the present typi
al operating 
ondition,the beam energy delivered by the inje
tor lina
 is 1.29 GeV and the bun
hpopulation is 5 � 109 ele
trons/bun
h. The ring is operated in the singlebun
h mode and the wiggler magnets are not ex
ited yet.In the beam tuning the stored beam orbit has been 
orre
ted using aCOD (Central Orbit Corre
tion) algorithm and lo
al orbit bumps. After
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orre
tion the typi
al peak to peak COD is 2 mm in the horizontalplane and 1 mm in the verti
al.Re
ently the horizontal and verti
al beam emittan
es have been mea-sured with wire s
anners using the extra
ted beam into the extra
tion line.Two di�erent measuring methods have been applied; the waist-s
an and thefour-wire method. Though the horizontal beam position is not perfe
tly sta-ble, the 
onsisten
y of the two position 
orre
ted beam size measurements iswithin 2�. The obtained horizontal emittan
e is 1.37 � 0.03 �10�9 m, andthe result is 
onsistent with the expe
ted value of 1.31-1.41 �10�9 m thatin
ludes the emittan
e growth e�e
t due to the intra-beam s
attering [6℄.Along the same line, there are various e�orts to 
on�rm the verti
al emit-tan
e. The preliminary estimated value is about 1 �10�11 m that is derivedafter the 1 degree beam tilt 
orre
tion on the horizontal plane through amulti-dimensional �tting to the wire-s
an data.Various experien
es are integrated in the single bun
h mode operation,and the obtained emittan
e measurement results are very en
ouraging. Thenext important step is to operate the damping ring in the multi bun
hmode [7℄.The present su

ess of the ATF shows that it is possible to produ
eand maintain low emittan
e beams even in the worst 
ondition of the grandsurfa
e. This fa
t is very important to 
onsider the site requirements for thea
tual 
onstru
tion of the JLC-I fa
ility.5. InternationalizationIn the Asian region, there are signi�
ant progresses in high energy physi
sand syn
hrotron radiation experiments at various regional fa
ilities. Notonly those a
tivities, many resear
hers from ACFA member nations area
tively parti
ipating in large-s
ale experiments su
h as at LEP-II, Teva-tron 
ollider, HERA and KEKB/PEP-II. The Asian physi
s 
ommunity hasgrown signi�
antly and has set a �rm enough foundation to prepare forfurther proje
ts.As was des
ribed in the JLC-I report of 1992, the linear 
ollider has afa
et whi
h 
an be shared with a new means for materials s
ien
e. Theultra-low emittan
e beam essential to the linear 
ollider is also an indis-pensable element of the next-generation, 
oherent x-ray sour
e. Therefore itwould be very important to 
ollaborate with materials s
ien
e 
ommunitiesto e�
iently and e�e
tively promote a

elerator s
ien
e in this region.In response to the ACFA statement of the linear 
ollider proje
t, a studygroup, ACFA Joint Linear Collider Physi
s and Dete
tor Working Group,has been set up under ACFA [8℄. The 
harge of the group is to elu
idatephysi
s s
enario and experimental feasibilities and to write up a report to



2048 T. MatsuiACFA within two years. Taking a

ount of the s
ale of and the world-wideinterests in linear 
ollider proje
ts, it is highly re
ommended that a
tualstudies be 
arried out in a more global s
ope in spite of the regional natureof ACFA's initiative. 6. SummaryWe are promoting the JLC proje
t along the philosophy and dire
tionthat have been des
ribed in the JLC-I report. There are good out
omes fromthe physi
s study and dete
tor R&D for realizing the proje
t. Furthermorethe healthy inter-regional 
ooperation mainly based on Asia-Pa
i�
 labo-ratories and universities have be
ome a
tive for further promotion of theproje
t. The JLC-I shall be one of the most a
tive large-s
ale inter-regionalfa
ilities in the 21st 
entury, and also the proje
t assumes the importantrole to be the model for the promotion of the a

elerator s
ien
e in Asia.REFERENCES[1℄ JLC Group, JLC-I, KEK Report 92-16, De
ember 1992, see also http://www-jl
.kek.jp/JLC.proposal-j.html.[2℄ D. Karlen, Talk presented at the International Conferen
e on High EnergyPhysi
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ouver, Canada, July 1998.[3℄ K.D. Stefanov et al., KEK Preprint 98-221, February 1999, Submitted to Nu
l.Instrum. Methods.[4℄ N. Khalatyan et al., KEK Preprint 98-187, November 1998, to be publishedin Nu
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ent Results on KEK/ATF Damping Ring, 
ontributedpaper to the XVIIth International Conferen
e on High Energy A

elerators,September 7-12, 1998, Dubna, KEK Preprint 98-154, September 1998.[8℄ S. Iwata et al., ACFA Joint Linear Collider Physi
s and Dete
tor WorkingGroup, http://a
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