Summary and Conclusion

H. Sugawara, Fermilab, 1999

Past — > LEP

(1) Flavor Physics q: 9 E{ :) 9
(basically Hqq, HT 0) 0, 0,(0) @,
W, Z W, Z
W, Z) W, Z)
* B factories (q, and/orq, = b)
(SLAC and KEK)
+ CESR

+ DAFNE (q, and/or g, = s)
* T -charm (g, and/orq,=Cor 1)
+ KTeV, HERAB, PSI (1t —e7)

TH: P, CP,B, L LR, - Global symmetry
T (x =small) =T (x = large) No spontaneous breaking

(2) QCD
RHIC:--long distance
HERA - short distance

(3) New Particle Searches
* Tevatron
* LHC
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90% (39%) CL allowed region from precision experiments at

LEP, SLC, Tevatron (Sep., 1999).
Also shown are the triviality (upper) bounds and the vacuum
stability (lower) bounds for the Higgs boson mass,

by §.C. Cho (KEK, Pisa)
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ATLAS Collaboration

(148 Institutions, 34 Countries, 1850 Scientists)

All Technical Design Reports (TDR No 1 to 15) submitted and
approved during 1996-1999 (in 2001: High Level Trigger/DAQ)

Construction has started on many detector sub-systems, in
most cases after successful validation of full-scale prototypes in
test beams:

- large components of the Common Projects (solenocid
and toroid magnet coils, LAr calorimeter cryostats)

- series fabrication of detector modules at many
production sites all over the world (calorimeters, muon
trigger chambers)

Final full-size prototypes are being completed until early next year
(Inner Detector tracking system, muon precision chambers)

A great effort is made by the Collaboration and the CERN LHC civil
engineering to meet the schedule for data taking in mid-2005
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Member States 1045
Non-Member States 443
USA _ o 334
Total i 1822
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LHCb

(~450 people, 50 institutes, 15 countries)

Precision measurements of Ring Imaging
CP violation and Chereakov Cognters
other rare decays NS

- efficient and robust trigger
- particle identification
- excellent mass and .
decay time resolutions N NBectomagnetic
Approved: i _
September 1998

Current activities:
R&D and prototype testing for Technical Design Reports

Expected TDR Submission dates:
December 1999 (Magnet) to July 2002 (Trigger, DAQ, Computing)

Goal:
Start data taking in 2005 when LHC becomes operational
(full physics programme already with low luminosities)
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Collider Experimen

A Large lon

Physics
QCD phase transition to QGP with heavy lons at LHC

Experiment
900 members, 28 countries, 74 Institutes, cost: = 120 MSF

Milestones

Technical Proposal approved 2.1997

Technical Design Reports 5 submitted, 3 more by 8.2000
MoU ready spring 2000

Status

R&D mostly finished

now: final design, construction & test of large prototypes
construction of selected items has started in 1999

Major R&D Results in 1999
radiation hard electronics in 0.25 um standard CMOS
new high performance/low cost TOF detectors: multigap RP

21
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PEP-II and KEKB History

PEP-II KEKB
Start of construction Nov. 1993 April 1994
First stored HER beam June 16, 1997 Dec. 13, 1998
First stored LER beam July 16, 1997 Jan. 12, 1999
First beam collisions July 23, 1998 Feb. 5,1999
Detector installed May 10, 1999 May 24, 1999
BaBar BELLE
First detected events May 26, 1999 June 1, 1999
Upsilon 48 energy scan June 1999 July 1999
Present status operation continued | shudown from

August 4-Oct. 10,
1999

0.3 x 10¥em™s™

1.2 x E.ulunﬂ.um-_




Neutrino Oscillations

1. Reactor
/Bugey L~100m
[ Chooz  1500m d m >10"eV
- Kamland 150km 10%ev
k[ApriL 2001) solar large mixing
(N/D)
2. Acc.
Chorus v,V 10%eV
(emulsion)
Nomad v,V 1~10eV

(chamber) (kinematicsl

Karmen V , ,—V,

ISND v,>v, V,—V, 01~leV

\ Mini Boone v, check LSND

K (8 GeV Proton)
3. Solar
C Galex
L Ga 233KeV
Sage
Home Stake Cl
K, 5K H,O 400KeV, B70KeV
SNQO DO ‘|‘
Borex LS (2001) v .e scattering Be7

seasonal variation
— yacuum oscillation



4. Atmospheric

SK H.O
SUDAN2  Iron + Tracking
Macro up going 1t (LS + proportional)

5. Long baseline
K2K disappearance
Minos 2003 Iron, scintillation fibre

r Magoya group: approved

Sep 28,1999
Opera (Emulsion) kinematics
Icarus (LiAr 600tons) FakeN.C. _ F(8m?.sin” 0)
C.C.
vV T T . H#—
g =
o —Y



Sola

r neutrinos

The pp-chain

p+p—d+et+v, pt+e+p—d+v,
99,75 % 0.25%
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cUMMARY OF EXPERIMENTAL EVIDENCE/HINTS
FOR. NEUTRINO OSCILLATIONS ASSUMING

THO - NEUTRINO MIXING
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Oscillation Parameters - Best Fits:
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e A water Cherenkov detector.

¢ A L-shaped tunnel with a cross sec-
tion 14m x 14m and each arm length
3 km.

e The total volume of the tunnel is 1.2 x%
105 m3.

¢ About 200 intermediate layers segment
the detector.

Conditions to build such a detector are:

e The cost must be no more than 40 x
10° yen.

e The detector must be useful for other
purposes;

— A neutrino-oscillation experiment with
a new high-intensity proton machine
JHEF.

— Accommodate a laser interferome-
ter for the gravitational-wave de-
tection on top of the tunnel.

¢ Super-Kamioknade must find a good
candidate to motivate building such a
detector.



Linear Collider d sed Projects

KEK
Power ——» ¢ - Band, X - Band
ATk damping ring \4
E;mc,z KEK cullabm‘atinn]
SLAC

Power —= X - Band

ASSET, structure testing

DESY

1

CERN'

wake field acceleration

30GHz=
Projects
NLC, JLC, TESLA, CLIC
[ Itis very important to: ' ]
(1) Build a linear collider (E = 500 GeV) as soon as possible to make a detailed|

study of the Higgs boson to make sure that it is a genuine Higgs and to
decide the energy of the next stage.

(2) invest as little as possible to the extendability of the machine but also

maintain the attitude to maximize it, (technology choice) (% Snowmass 'qﬁ}J

L — ci
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Frequency Choice ?

Accelerating Structure Efficiency
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Fast Path Envisaged by the JLC Group (KEK) towards an LC

1998 1999 2000 2001 2002 muum
! I 1 ! | i i i
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Fast Path Envisaged by the JLC Group (KEK) towards an LC

1998 | 1998 2000 2001 2002 2003 2004 mﬁﬁm_

(NI




(-band JL(

R & D Achievement (1996~1999)

For Mass Production |(%)

80 Efficiency improvement

Modulator Cost, Thyratron life-time

Klystron 90 100pps Test
i1
\ T : ge o) m Cost, production process

Pulse Compresor High-power Test

Accelerating High-power Test

Struciure Cost, mass-production
: _ Multi-bunch Test
eam L.OmMro . =
‘ Cost, Mass-production of BPM, Mover
Machine WOl

I_arge-scale Real-tiivie D2z Process




Before the LC Construction ~ ¢-hand JLC

Main-Linac R&D items during years 2000 - 2003. e
Ops | test with actual beam

Insi. o RF-system into B-factory injector.

R& r Mass-Production

detfails | 1 chi o proce:
rer Supph
mponents
Switch:
e design detarls (materi. OSSN

ate Switch will not be reac keep if

ing Structure :

machining and frequent FoCe!

e bonding procedure.
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Cosmic Rays and Astrophysics

© What is the source of the ultra-high energy cosmic ray
beyond 10”eV ?
Agasa (7 events), Flies eye (1), Fierre Auger (Cherenkov, Argentine & Utah)
(High Res I, 7)
[elescope Array (Scin Tel), OWL (satellite, NASA 2005)

© 7 - sources and 7 — bursts

HESS

MAGIC | Eoret (satellites 30GeV), Glast
Hegra

(3m Tel)

Cangaroo 1, 1 (5 or 8), Virotas (Whipple), Germany

© high enerugy neutrino (AGN)
Amanda, Bikal Nestor, - - -

© Fundamental cosmological constants

Hubble [:54]

Qp) = Qu *+ Qu

A : cosmological constant

SDDS (Gravitational lens distribution), Supernova (Type [ ) Cosmology Project
T: life time of the universe

© Structure formation
Anisotropy in CMB
: COBE et al.
large structure
: SDDS up to Z = 0.2, msteradion
Are these consistent with CDM - inflation model?
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R¥J1713.7-3946* | CAN GAROO SNR
PKS2166-304* Durham AGN (BL Lac)
_ 1E81959+650* Utah7TA AGN (BL Lac)
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Muon Collider Parameter

muon collider : 4 TeV & 100 GeV (ColM Energy)

CoM Energy (GeV) 4000 100

Proton energy (GeV) 16 16

Proton bunch population(10*) 2.5 5

Proton beam power (MW) 4 4

Repetition Rate (Hz) 15 15

MNo. of y bunches/sign 2 1

it bunch population (1012) 2 !

Collider circu. (m) 8000 260

Free space I" at [P (m) 6.5 5

RMS momentum spread Ap/p 0.12% 0.12% 0.003%
Normalized emittance € (xmm mrad) 50 85 280

B* at IP (cm) 0.3 4 13
Bunch length 6_(cm) 0.3 4 13
RMS beam radius at I[P o, (mm) 2.8 83 270
Beam-beam tune shift § 0.04 0.05 0.015
Luminosity (nbs)" 100 0.12 0.0




MUON COLLIDER COMPLEX
1.5 x 10** protons/year

PROTON DRIVER
16GeV/c
CAPTURE , .
Reoniban Pion Production Target
& Capture Solenoid
DECAY & PHASE ROTATION

LINAC
Muon lonization Cool-
100 MeV/c muons ing Channel
21 "
PRE ACCELERATOR 1.5 x 10" muons/year

Stopped Muon Physics

Muon Accelerators
100 MeV = 2 TeV

Intense Muon and

2 TeV/c muons Neutrino Beams

COLLIDING RING
Muon Collider

2x2TeV

Higgs,....




Muon Collider : technical issues

Proton driver
- 15 GeV, 2 x 10" ppp, 15Hz
- short bunch width : o ~ 1 nsec

Target, capture & phase rotation
- liquid metal target ( Exp at BNL)
- low frequency rf (30 - 90 MHz)
>>1 GeV/c pion & muon beams
>> high gradient ( 3-6 MV/m)

Proposed to BNL (P86L)

Cooling
- high frequency rf
>> very high gradient ( 30NV/m )
- high field selenoid ( 16 T )

- Cooling Exp at FNAL



Acceleration
Energy < few GeV
- Linac (one pass)
Energy > few GeV
- Baseline: reciculating-linac ( ~10 turms )
- Under study: FFAG’s
Energy > 200GeV
- Hybrid Pulsed & SC synchrotron ( 40 turns )

Collider ring
- short bunch
>> isochronous ring
>> flexibel momentum compaction : FMC lattice
- low beta
- beam shield
>> 6em(tungsten) @ 3 TeV

Radiation : neutrino shield
- radiation = E¥/depth : Limit = 10 mR/year
- Neligible at 1.5%3eV ~ 1 mR/year
- 300m depth at 3 TeV ~ 10 mR/year
-E>3TeV
>> beam wobbles
>> special locations
>> better cooling



Neutrino Factory

Proton Linac (.6-4 GeV)

U

0]

i
i

/ \ Accuné ulat

ync %trau{ﬂ-m GeV 800 m circ)
get & Sol Capture {20 T)

Phase Rotate #1 42 m rf)
Mini Cooling (1/3 in 4 m Hy)
Drift (lm mf}

Phase Rotate #2 (10 m rf)
Cooling (1/36 in 80 m)
Linac (2 GeV)

Recirculating Linac #1 (2-8 GeV)

Recirculating Linac #2 (8-40 GeV)

Storage Ring (40 GeV 800m circ.)
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EE:HMH

Parameter High ficld-new High field-known Low Field Units
R TH

CM Energy 100 100 100 TeV

Dipole field 126 95 (¥ T

Circumflerence 104 138 6 km

Synchrotron radistion damping time

(horlzonial amplitude) 16 Ad ahridamped hr

Initialpeak luminosity 38712 S0 L. 1034 con-Zgee- |

lategrated lumincsity per day 500 500 700 bl

Humber of stores per day 1 2 l

Initial rms normalized cmittance 1 | l . pm-rad

B 0 2 20 em

Protons/bunch 05 0s 094 1010

Number of bunches 20794 21522 129240 _

Equilibrium emittance (x) 1442 62 18 1073 & pum-rad

Bunch spacing 167 16.7 167 nEEC

Beam stored energy A9 118 973 e

Synchrotron radistion powerfring 189 143 45 kW

Total protons/ring 1.1 15 122 iold

Imitialipeak intersctionslerossing TS5 T52L5 21.8021.5

Beam lifetime (pp collisions oaly) 34 45 130 b

Tinalestic 130 130 130 mbarn

Initial beam-beam Av (1otal) 5.1 5.1 s 103

Revolution frequency 289 18 A kHz

Synchrotron frequency 8S 5B £6 Hz

I Voltage L0 10k 100 MV

Radio-frequency 360 360 360 MHz

Energy lossfurm 3678 e 526 ke

Rme relative energy 156 180 390 106

sprasd{collision)

Fill time 163 163 18 min.

Acceleration time iz 16 359 min.

Towal tme: Gl and pcceleraie 2Ll 24 e min.

LGn.;im.ﬂirﬂ impedance threshobd: o

& kY] 27 L1

- [collision)

Trangverse impedance threshold:

Z, (Injection) 731 635 250 MLh'm

Resistive-wall rransverse

N— In-l'f-rj (inection 04 os o8 Mitm

r

Resistive-wall multibunch

instability growth time 472 kgL 36 BEnE

Peak current(inj) 36 36 4 Am

<fi> 255 255 15 m d

Tune (3 BB 268

Hulf cefl length (sssumed 90%cetls) 200 700 300 m

Beam ﬂd rafiug 65 LGS 140 cm



“Double-C” Iron Yoke

80-100kA current drives

mﬂ.”:fg two beam apertures.
= \ Gradient Pole tips

| provide bend and

focussing (no quads).

Iron shapes field:
superconductor
position not critical.
Iron Yoke is ~2/3 of
magnet cost.

o IAfill e Emedme  bismon O3



Components of the
Transmission Line Magnet

Lina _____mn:ﬂ _.u_._m_E.“___..u_ E&Ema
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Conclusion

1. We have quite an active field with lots of
interesting and promising on-going projects and
many ambitious new ideas and R/D efforts for
future projects. There is a huge amount of
knowledge still to be cultivated before we can
claim that we understand nature.

2. Nevertheless, the public support for our field is
not as strong as we wish it to be. We need to make
our utmost efforts to earn it.

3. The role of ICFA is rather limited as is typical of

all the international organizations, including even
the U.N..

See you in three years in I



