What ’s next in Accelerator Partlcle Physws

(somewhat CERN biased...)
Neutrino Telescopes Conference
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Fermi maximal accelerator (cont ’d
THE UNIVERSITY OF CHICAGCO LiBRARY

Thanks to Mark Oreglia, Adrienne Kolb

\:

For these reasons....clamoring for higher and higher....
a = MeV = Mj versus time.

Extrapolating to 199&...5 hi 9 Mev or—hdest cosmic...170 B§....preliminary
design....8 km, 20000 gauss -
Slide 2 - 5 hi 15 eV machine.,

Whay we can learn impoSsTb uess....main element surprise....some

things look for but see uthers..... ETIE  C » « - s Sharpening
g ’ Ml o aepsCertainly look fcr multiple

o _.-.._._,.___,_.__d

Naturally interest _ir : naT
others... 7ery very clnudy cr stal
large angulw: uoment°....dﬂub forms
eeestried to xw 3 stograph what I saw in the ball....and made slide...
Sllde 5 - Strange particles in

pion nucleon collisions,
...should realize this picture retouched....may have the wrong scale...

may be wrong curve.....lots of other things cou be seen...could not
make them I'Jl'.l.t-.i... f éj%'! n'd 1:-/”.“/%‘-
-

. +oultimate result...understandlng...need uf precise data. /A .expect

complication, ng. at a prablem...
Y- --ssiblllty of a hxm lunky break....or theoretica =

5T more probably a combination of hard work, ingenuity and a 1ittle
. of good luck

viarc @ 2001 L. Maiani. WHAT'S NEXT?

«.=«Puzzle of long life times....
#n?....at present more probable...




Ferm1’s successors did not fare so badly...

Fermi: P-P, 1994, E, ...~ 5-1015 eV, 170B US$

Tevatron: P-Pbar, 1987
E. . ~0.510 eV

equiv

LEP2: e" e, 1995
~ same en. range as Tevatron

LHC: P-P, 2006
E_ . ~1.110" eV, ~5B US$

equiv

+ X-factories

+Heavy lons...
March 9, 2001 L. Maiani. WHAT'S NEXT? 4
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Artist view of the LHC
In the LE P Tunnel
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Summary

What ’s next in Particle Physics
» Neutrino masses and oscillations
* Higgs boson search
e Supersymmetry
» Extra dimensions?
Accelerators for the future
 Towards a nu-factory, CERN ’s SPL
« VLHC?
« CLIC
e The extreme optimist ’ s scenario
e Conclusions
Thanks to:

— J-P. Delahaye, J. Ellis, F. Gianotti, G. Giudice,
K. Hubner, L. Evans, A. DeRoeck.
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Mass spectrum of quarks and leptons
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Neutrino mass & oscillations

Ké&Superk G— - Long Base-Line

discovery!!!

Other oscillation signals: - : Minos (@ FermilLab

- Solar v ’s (%10 eV ?) Tamraes CERN to Gran Sasso
Am 2 ,may be 10! - 102 Am 2, —

CP violation may be visible K2K, new!!!:
- LSND (=1 eV 2)(???) CC seerr28, expectes38
L/E=200 - Am?=2 103
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. Higgs hunting : LEP and elsewhere

 Evidence for a Higgs particle at about 115 GeV/c? found in
the last months of operation in year 2000

2b cand. Statistical Significance
HZ hyp.

=114 G 220 September 5
NN = 0.988 2 ) 3 O_ LEP feSt

jl'lIHln

1 694 290 November 2

&
H
3 058

——y Agreement with SM Higgs cross-sect. for

mp=95.3GeV

LI hyp.
m a102 Gall

m,=91.7GeV Wi — 115.Ut|]i:3 GeV
ALEPH: candidate for e+e-

—/Z+H (Summer 2000) P. Igo-Kemenes-LEP Seminar-Nov.3, 2(
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TEVATRON RUNII

combined CDF /DO thresholds

@
L%

130

110 o™

2 fp™

— 95% CL [imit
—— 3¢ evidence
— 55 d Iscovery

80 00 120 140 180 8O 200
Higgs maoss (Gev/c?)

o
3
TTT I

integrated luminosity /expt. {fb™)
o

Plot taken from Physics at Run |l
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Higgs Boson at the LHC

ATLAS + CMS
: : K-facto
SM Higgs boson can be discovered at ne ™

~ 5 0 after =1 year of operation (10
fb-1/ experiment) for m;; = 150 GeV

Discovery faster for larger masses

[
=]
(]

Signal significance

Whole mass range can be excluded at
95% CL after ~1 month of running at
1033 cm2 s -1,

results are conservative:

-- no k-factors

-- simple cut-based analyses

-- conservative assumptions on detector
performance

-- channels where background control 1s

difficult not included, e.g [NY/WIEREIT o)s
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Measurement of the SM Higgs parameters at LHC:
mass to ~0.1%, width to £ 10%, rates (0 x BR) to ~10%,

ratios of couplings (WWH, ZZH, ttH, bbH) to 10-20%

Eqp 'L H, WH. ttH (H—yy) ~05
T i A WH. ttH (H—bb) m | .
= O HoZZ-4l ! A Ho WW Iyl
7w H=WW—lyly = ! B H-=ZZ =4
O WH (HWWoslvly) L 04 ® Hoyy
I A all channels &
-2 :a’
L Da |
°wf ATLAS +CMS
[ 02l [Ldt=300f"
-3 i
10 |
ATLAS + CMS 0.1
i [Lat=30010"
4 N
10— ' ' —— ol .
10 10 10° 10°
m, (GeV) m,, (GeV)
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Higg.s decay branching ratios at
a Linear e"e - Collider
(TESLA/NLC/JLC)

Higgs Branching Ratio

accuracy on OBR/BR (M;; = 120 GeV ):
bb : 2:4% WW* :5:4%

cc : 8:3% ggo . 5:5%

T : 6:0%

ratio of the TT to the bb branching ratios
Z(mT/mb)z

(P. Zerwas, LC study)

140 _IEI}
m,, (GeV/c?)

Branching ratios of SM Higgs
decays into fermion and WW *pairs
M. Battaglia, hep-ph/9910271.
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/s ~ 3 TeV to Complement LHC + LC-500 Physics
Reach

v/s > 1 TeV needed to fully understand a
115 GeV/c? Higgs Boson: probe shape of the Higgs
potential through triple and quartic couplings:

Triple Higgs coupling

V = M2 H? + \oH? + iJ\HJ‘

Mg =2\
" ! Study of Triple Higgs Coupling at CLIC
M. Muehl
) M. Battaglia

)
10 SM: ¢’ ¢ — vwHH -
3Tev o™ [fb] | 4 Extract Aggy from o(ete” — vwHH)

\\—\ for My = 120 GeV/c?

b .4 o(efe” —vwHH) ~o(ete” — vwZZ — bb)

: | TeV

T\ ' ek —— —

B L o (125 M W+ B r
ok _ N e T

W dbmge.1 dlnge z Alage. 4

B - J__rf_a:r -I<:r . -'LI o
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Supersymmetry in the TeV range

SUSY charges carry 1/2 spin (matter-forces unification)
A bridge towards gravity

TeV scale indicated by hierarchy problem

Study of SUSY spectrum: deep in multi TeV region

Lightest SUSY
Particles may still

be around from
BIG-BANG
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Unification Hints
MSSM

Large New Dimensions

Unification at a TEV?7*

Dienes, Dudas,
Ghergetta,

March 9, 2001

Amaldi, de Boer, Furstenau

See also :
Ellis, Kelley, Nanopoulos;
Langacker, Luo

Courtesy of
G. Ross, LEP fest

Dimopoulos, Raby, Wilczek
Ibanez, GGR




Getting into TeV and many TeV region with complementary probes

IS necessary to fully understand the Supersymmetry spectrum
M gluine B squorks [l sleptons -a("i e H

*E LHC *E  Js=0.8TeV
Particles discovered [l = TEcs:ll_fl\_ -
In eight sample mod z

at LHC oreée-L C

Mb. of Observable Particles

(J. Ellis, F. Gianotti, A.deRoek,
CLIC working group)
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Expected reach in various channels

m SUGRA; tgp =2 (~same up to tgp~5), A;=0,p<0
5 & contours (N = Ngigh N +Npygq) for 107pb™

cMS; 100"

Expected reach of CMS |
various channels & the
cosmological parameters

1200 1600 2000

scalar GaV
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. Extra space dimensions?

*Waves (and particles) of large wave
length (small energy) simply do not
fit in the curved dimension

*how small 1s R?

Kaluza & Klein
1930°s

« If a cat would disappear in Pasadena and reappear |
Erice, this would be an example of global cat conserva
This Is not the way cats are conserved » (R.P. Feynme
.... In 4 dimensions

Superstring theory not consistent in 4 dimensions
Extra curved dimensions required

Scale?> 1/Mp
March 9, 2001 L. Maiani. WHAT'S NEXT?




Extra Dimensions at mm scale?
Arkani-Hamed, Dimopoulos, Dvali (1998)

The universe viewed 1n the small:
quarks, leptons, and gauge fields are
bound to a D-brane localised in an
extra compact dimension.

/ i
- Giudice,

—g
Rattazzi, Wells

_ mm, 1
(MD )2+D r1+D
R —_ 1 M Planck ) ; MD —
M, M, R=mm (D=2)
R~ fermi (D=06)
March 9, 2001 L. Maiani. WHAT'S NEXT?




Sub-millimeter tests of the gravitational inverse-square law:
a search for “large” extra dimensions

C. D. Hovle, U. Schmidt, B. R. Heckel, E. G. Ad{*lhr:rgﬁr J. H. Gundlach, D. J. Kapner, and H. E. Swanson
mgton, Seattle, l*lfrlh'h:-z'ra.qa‘rr.r:, 081095-1560

Department of Physics, University i .
region excluded by previous work (m
above lines : Irvine, Moscow and
Lamoreaux.

Present constraint shown by the
line labeled Eot-Wash.

Limits on

anomalous
gravity

_ l 2 extra -
dilaton - dimensions

Eﬁtf-wash

“=—— axion




LEP

50
e L3 =
e’ — v+ Missing Energy =3
40 - —
v8 =183 GeV E=
g ="
- +
S 30 o pata .
el - SM i£
E oQF My=0.40 TeV, 5=6 4
18] o
B
10 &

=l:l

recall: = 1mm for My=1 TeV, D=2
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High Energy Frontier:
« LHC
« ¢e'e " LC,E <l TeVe'e-

. LC, E_~ multiTeV (CLIC
. VLHC

Flavour physics:

Neutrino superbeam
Neutrino factory

Further 1n the future:

Muon collider

}

. Strategy for the future

*as soon as possible!
ecomplementary, necessary step
(emittance...)

 exploration of nearby “Beyond the
Standard Model”

 Anom. Dim’s. up to 40-50 TeV
e The unexpected

©,5 CP violation in lepton sects

March 9, 2001 L. Maiani. WHAT'S NEXT?




. Nu-factory status

A truly international effort (e.g. FermiLab and BNL studies)

substantial investment required (proton driver ct(%):
more emphasis on CNGS2 ?

@ CERN:

— studies have started (SPL, high power target, HARP...)

— European collaboration started (CEA, IN2P3, INFN,
RAL...)

— Co-ordination among Int.’| Laboratories is being proposed
(to FNAL, LBL, BNL, Cornell, KEK+ EU laboratories)

SPL : cost=320MCHEF; beneficial to ISOLDE, CNGS, LHC...

March 9, 2001 L. Maiani. WHAT'S NEXT?




CERN neutrino beam to Gran Sasso

Civil works committed
In spring 2000

optimized for
T detection

Commissioning:
Spring 2005

Experimental proposals
OPERA approved Jan 2001

March 9, 2001 L. Maiani. WHAT'S NEXT?




X’ eq e
R From septum blades to Stability Islands

2000 the intensity delivered to the SPS was
between 1to 1.7 <10% ppp.

In 2001 it is planned to deliver up to 2¢10!3 ppp.
For CNGS 1t is planned to deliver more than 3

1013 ppp.

March 9, 2001 L. Maiani. WHAT'S NEXT?




Isometric schematic of the CERN reference scenario for a
Neutrino Factory(CERN, NF Note 28, 16th August 2000)

_ Bunch 2.2 GeV Superconducting H Linac
..., Compressor

Accumulator ring

H-....:’[i_l‘,lg. t‘.‘
‘ ks , 8 MHz capture,

em=""10-50 GeV
recirculator

to very long distance

Laboratory Muon decayring "% )

Bow-tie on inclined piane o to Gran Sasso,
730 km

Neutrino Factory schematic (isometric view)
March 9, 2001 L. Maiani. WHAT'S NEXT?




90 keV T MeV 120 MeV 1.06 GeV 2.23 GeV

L— 12m 4"* 110m 4T7 330m ﬂ» 360m 4{
2 MeV ~50MeV 232MeV 394MeV
1 ) ¥ S

H- HRFQ1ichop..RFQ2HDTL [SDTLHB 0.52{$ 0.7{p 0.8 H ~ LEP-II
Source Low Energy section DTL Superconducting low-f3 Superconducting B
k Achromatic bending

- and collimation
new SC cavities

at 3=0.52, 0.7, Op& /| [olde <

Layout of the SPL (Super
conducting Proton Linac)

Accumulator Ring

| Beam Current, mA 11

The 2.2 GeV Energy (kinetic), GeV 2.2
Invariant transverse rms emittance, um 0.6

Superconducting H
Beam energy spread (\[ 5G6) MeV +2

hnac. parameters in Bunch length (total: V56), ps 24
quasi-CW mode Linac length, m 800

rf frequency, MHz 352
Cost 350MCHF (prel.) Overall rf power, MW

good for Isolde, CNGS, L HGPERERIEIER /o 1o ve 53 klygee

March 9, 2001 L. Maiani. WHAT'S NEXT? 28




The SC cavities for < 1

7« CERN technique of Nb/Cu sputtering
for 3=0.7, f=0.8 cavities (352 MHz):
» excellent thermal and mechanical stability
{ important for pulsed systems)
 lower material cost, large apertures, released
L. | tolerances, 4.5 °K operation with Q = 10°

_ |
'\II-— - --II.“

y s
O] (=

—- 0.8 single cell
g . ~LEP
—- 0.7 4-cells

; - | == —= 0.8 5-cells

The B=0.7 4-cell prototype Eace MVim]
“c Bulk Nb or mixed technique for 3=0.52 (one 100 kW tetrode per cavity)
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Layout on the CERN site

Linac + klystron gallery
parallel to the fence of
Meyrin site (Route
Gregory)

Economic trench
excavation

Geological advantages
(tunnel on“molasse”, no
underground water)

Minimum impact on the
environment (empty field)

Simple connection to PS
& ISR via existing tunnels

Use some of the old ISR
infrastructure (electricity,
cooling)

March 9, 2001 L. Maiani. WHAT'S NEXT?




March 9, 2001

Photons (5.6 MeV)
Cu-solenoid
Neutrons (58 MeV)
Positrons (22 MeV)
Electrons (13 MeV)
Scattered protons (1.9 GeV)
Produced protons (735 MeV)
Mag. Field 20T

Negative pions (288 MeV)

? Positive pions (310 MeV)
Cu solenoid

WHAT'S NEXT?

]0.11
10.18
]0.209

0.074

0.097




emittance evolution in the front end of the neutrino factory

=
c
£
£
o
£
=1
=
0
E

ROTATIO |COOLING | ACCELER |COOLING NI
M ATIOMN

100
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SuperBeam

—

NU SUPERBEAMS

D.Casper
(CERN Oscillation Working Group)

Oscillation Signal

r Assumptions:
® 5in‘20,; = 0.8 s
* 5iN?20,, = 1 )
» 5in220,, = 0.01 o
* AmZ;; = 5x105 e\? [
* Amé;; = 3 x103 eV? "I Oscillation

» Ignore CP violation for _| Signal (3 yrs)

now - 24 evts

" Identical to recent 1
Water Cerenkov report of Mezzetto | o

L =100km * Rescale to 70km v L - Ll bt o]

baseline Electran Momentum (MeV/c

Background
(3yrs) 17 evis
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* Summary

= Most of the phase space covered by FNAL + CERN
= Sensitivity to s13 Sir?(26,.)= 102- 103

= One to two ordefS Ol miadritude veLe

MINOS/OPERA

« Two orders of magnitude worst than NuFact

Sin(260,,)=10% 10°

half way from

v factory ! = Sensitivity to o

« Still to be fully evaluated
« Limited by

= Beam background

« Systematic errors on cross sections

Juan José Gomez Cadenas
MNeutrino Telescopes, Venice,
2/27/2001 March, 20001 31
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Véry Large Hadron Collider (VLHC)

LHC1
LHC2
TeV/beam)

New study at FNAL (convener: J. Strait) to guide R&D

initial machine 15-20 TeV per beam
second phase: VLHC1 as injector to VLHC2 (87.5

March 9, 2001

both accelerators in same tunnel ELN
Phase 1 Phase 2 (INFN)(1996)
Ebeam [TEV] 20 87.5 100 I
Bai [T] -> 20 -10.0 12 8.3
Rpend [kM] 33.3 29.1
Arc packing factor 95.0% 83.0%
Rarc [km] 35.1 35.1
Carc [km] 220 220
Lstraights [KM] 20 20
Ciotal [km] 240 240 238 27
Luminosity [cm™s™] 10134 10135 10734
Preliminary parameter list

L. Maiani. WHAT'S NEXT?



BESSas

Synchrotron radiation
Photon flux

Critical energy

Power deposited per meter
Total power (per beam)
Energy loss per turn

Radiation damping time (horizont. ampl.)

- (Mauro Pivi / LBL)

", ph/m-sec 0.34 x 16° 1.26x10{LHC  |ELN (1996)
Ec, keV 0.48 N ()

P/2r;O, Wim 0.082
P, kW 47.5
AE, MeV/turn 0.53

T, hrs 114

March 9, 2001

High field:

power deposited by Synchr.Rad.
difficult to take out because of
low temperature!

LHC: heat deposited on the inner tub
which is kept at1PK by Ne coolant

L. Maiani. WHAT'S NEXT?




Photo electrons acceleration at LHC may produce additional

heat load

- beam irnage
CA cleciron image o =
L B B ! ! -.'- =
[ |_|_| |‘ I I ! -
\1& -
- .
EEEREE " O=yield
- o .
- o 10% refleetivity, 7,=0.020, &, CO@fﬁClent
—as -
il E
i L ...
upiched & L =
! L o
i : 1 1 (DB B _31-5 ~
i - 3
pricr, (ptioth-| ia i L
cleckobsi | | 4 i || =
L i i
Ui gl ! ! i i
L I " . D5 -
1‘1 i
! Y%s
alices ’

Heat load in LHC dipole chamber vs. maximum secondary emission
vield d,,,.. Parameters: e,,,, = 450 eV, & = 0.1, and ¥* = 0.025.
The curve changes slope near the critical yield dpya. = 1.3.

March 9, 2001 L. Maiani. WHAT'S NEXT?






NOTE:

3TeV/30km ‘“1'7\:

*INLG
o

100 MeV/m= s HLC
10

!

TESLA Sie
(4.3em,) (2 6He )
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CLIC Test Facility 3 ~ Housed in LEP Pre-

Injector building
Construction 2001-2003

Drive Beam Accelerator :
20 Accelerating Structures 3 GHz -74 MV/m - 1.20 m

4A-2100bof 2.75 nC
178 MeV - 1.40 s

X 5 Combiner

1GeV Main Beam Accelerator Ring (86 m)

14 Accelerating Structures

30 GHz- 150 MV/m-05m oy

fow. SoMeV be 4GV w227

Drive Beam Decelerator
7 Transfer Structures - 30GHz =~~~ — — —

J0A-178MeV >\
140ns N

CLIC TEST FACILITY - CTF 3 - Nominal
Test of the Drive Beam Generation, Acceleration & RF Multiplication by a factor 10

March 9, 2001 L. Maiani. WHAT'S NEXT?




CLIC test facility n.3

to demonstrate a novel concept of drive-beam generation

to provide the nominal rf power to a few accelerating
sections which in turn will operate with the nominal
accelerating gradient.

CTF3 will be a unique 30 GHz high-power rf source for
the tests of all the rf components.

CTF3 will evolve in a staged approach where construction
phases alternate with beam test periods. The plan is to have
CTF 3 fully exploited by 2005.

March 9, 2001 L. Maiani. WHAT'S NEXT?




CLIC status

CTF3 construction starts in 2001

Next step (after positive results from CTF3): a 600
module

Collaborations with INFN, IN2P3, SLAC are active

Closer collaboration with European Laboratories Is
being discussed (Orsay, RAL, Frascati ...)

CLIC physics studies started at CERN

March 9, 2001 L. Maiani. WHAT'S NEXT?




Nes 2= Fitting CLIC at
iiae CERN
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GEOPHYSICAL FEATURES
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LHC commissioning schedule

n-04 Apr-04 Jul-04 Oct-04 Jan-05 ApAr-05 Jul-05 Oct-05 Jaii-Oﬁ Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07
A 4, A ;
Physics

run

L dipol Ring closed £ months
ast dipole 33
L>2x10
Of;asntt delivered and cold A
31/12
01/04 81/03

to
31/08

Shutdown
: 3 months
First
beam Pilot run

ONWNIEN 01/04 to 30/04
March 9, 2001 L. Maiani. WHAT'S NEXT?




2010

2000 2005

NTATIVE SCHEDULE OF POSSIBLE COLLIDER

AT THE HIGH

A persondl (optimistic) look iffto the "Crystal Ball”

2015

ERGY FRONTIER

2020

v 200

Jamai

ool

= =
4| 8|8 |8

11

JHHBA00EE

s Vg
8|8

W16
wiT
018

LEF (CERM)
200 GeV e’ e

J.P. Delahaye

TEVATROM (FMAL)
2TeV p'lp

Ll

January 2001

LHC (CERN)

upgrade (16 TeV - 10" cm’s™)
14 TeV p'fp

construction

SLHC

YLHC (FNAL)
150 TeV (p“/p)

d RED ==4

N N D e e e e e

TESLA (DESY) "Rl D -l em
[500 GeV e'je |

mmmme COAStTCE N -

NLC(SLAC)

=== CLIC1 === ===+ s

|CLIC (CERN)
ATeV e'fe

CTF:H—* ___________ H{CTEY ----.H.__.

Neutrino Factory

= e e e -~ — = - constraction

50 GeV

SFPL (2 GeV.p) Rbly ----- ~-— - - = constraction by stages—

Muon Callider
3 TeV p+ij-

——————————  Study + R&D  ===d====dfemmnannn-
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. Global Accelerator Network (ICFA)

Global Accelerator Network (ICFA)
annual budget, in unit of CERN budget (very crude):
EUROPE 1+0.6to1l

USA 1tol.5
Japan 0.4

total 3to4 say. 4 BCHF/year

Investments over 10 year in the GANR.3 budget/ (10 years)12 BCHF

Some cost estimate (European accounting, only materiakc0$i,US accounting)
in unitis of the LHC material cost ( 1 LHG BCHF):

NLC (4 B$) 21 | =12 BCHF
Nu factory (1.1 B$) 1.7

can we realize the full programme in 15 to 20 years 1?2?11l
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Mafly fascinating problems in 1-10 TeV region

 from « normal business »: Higgs, SUSY,
* to « new world » discoveries : extramensions

We need to understand neutrinos better

Support accelerator physics!!!

Consensus:
« LHC, sub-TeV e'e" LC
 CLIC, VLHC
e nu-factory

Can we make them in reasonable time? Can we afford?

— We camperhapgealize the full programme in 15 to 20 years, but:

» Better efficiency in decision making
* Respect User distribution, to keep young generations in the game

A transition to a new global organisation, similar to EU transition f
National Laboratories to CERN ???

March 9, 2001 L. Maiani. WHAT'S NEXT?




