





VIII. SUMMARY SESSION, R. Palmer (BNL), Chair

Muon Collider Research and Development Plan - 7. Wurtele (UC Berkeley/LBNL)
Technology R&D and Future High Energy Physics Facilities - D. Sutter (DOE)
Physics with p'u~ Colliders: A Perspectlve - W. Marciano (BNL)

Announcement: 5th International p'p Collider Conference (Dec. 1999)
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Muon Collider Research and

Development Plan ,
e ———

Jonathan S. Wurtele
UC Berkeley/LBNL
August 13, 1997

Ongoing R&D _
1

o Feasibility study presented at Snowmass96
» Catalyst for present collaboration ao:.:m__nmn in ...::ov
» Identified critical research topics .

o....<mwmm:mmoZou_nm_ioﬂxmzoumozﬁmmm m_dmm _amsmco:!
Workshop in May _ ,

o Initial experimental work: |
» Proton driver (E932 at AGS, PSR Experiment)
» Capture and target (E910 at AGS)
» Cooling experiment planning (Geer ._.m__o
e Theoretical work now concentrated on low energy machine




Present Status
g
e Increased community interest in muon no__am_.m

e Multilab and university collaboration :mm prioritized
research pian
e Further progress needs

» more dedicated personnel for expanded theoretical studies
» experimental research Enaw

Theoretical Research

e Present level of effort: 21 FTEs (but ao researchersl)
e Expanded level of effort: 48 FTEs
e Critical immediate _._oon is dedicated personnel

e Goals: _.
» Theoretical studies of muon coftider complex
» Develop simulations of muons in systems of the collider

» |dentify and prioritize areas that require experimental
research. |

» Determine a single self-consistent set of parameters for the
lower and higher energy colliders
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Theoretical Research: Critical
Problem Areas (I)

o Proton Driver:

» Define parameters for the proton source,
» Investigate beam stability and short bunch production

. @ Target:
» Study target options

» Benchmark codes --yield is (historically) diffi cult to predict.

e Capture and phase rotation systems:

» develop particle transport code

e Cooling: Define and simulate a complete ooo__,.:m scenario.

Theoretical Research: Critical

Problem Areas (II)
\

e Acceleration:
» Define a preferred acceleration scenario
» Perform complete simulations including imx%m_am
» Design cavity for pulsed operation, high Q.wa_ma minimized HOM
loads
» Pulsed lattice studies
e Collider ring:

..ooa_scm_mn_om%m_o:.:o.cn.:o.-aooa:oa :_m:mq o_do_.
multipole correctors .

» stability and impedance budgets ,
» rf system for BNS damping of transverse instabilities
» beam-beam integration with nonfinear tracking and wake codes

design a halo scraping system




Theoretical Research: Critical

Problem Areas (I1I)
S —

e Detector and background:

» optimization of the shielding

» straw man detector with all components capable

» of withstanding the backgrounds,

» simulate some representative physics oommsto:m
e General:

» Investigate the operation with polarized and/or very low o:og
spread bunches.

» Investigate muon-electron collider

» Begin design work towards integrated front o:n of complex.

» Study safety and radiation exposures both on and off site,
including the hazards from neutrino fluxes.

» Site power budget

Proton Driver mx@mEBma Short
bunch wuoasnﬂouﬂ at the AGS

The proton driver technology is an extrapolation of that needed

for spallation neutron sources. Major difference: muon collider
requires a short bunch (~1-2ns). This leads to stability concems.

e Initial experiment at E932 at AGS has demonstrated a reduction
of bunch length (10ns-->3ns) by operating near transition.
Future plan calls for systematic studies at :asmq currents and
shorter bunch length.

e Experiment operated with a longitudinal phase space volume of
1.5V-s, comparable to proton driver requirements; the total
charge was lower than needed by a factor of 10.

613



614

Proton Driver Experiment: Test of
inductive inserts at the PSR

|

e Results from PSR at LANL show that longitudinal
space charge was modified and RF thresholds were
lowered.

@ With 3x1013 ppp rf required to mcunamm instability was
reduced by 40%.

o Similar results have been obtained m~ KEK

Targetiand Pion ﬁmvgnm

e Monte-Carlo model of pion production to be based on
data from ongoing E910 at AGS on pion production

e Experimental plan:
» Design and construct (or obtain) tigh field, large bore solenoid
» Study target integrity with high-power bsam. Thermal cooling may
require liquid (jet) target.
» Optimize target for n production
» Measure n/p capture ratio in 20T field
» Test rf cavity in high-radiation environment.
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The Target and = Capture Experiment
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Superconducting Mag
Um<m_om9m:~

Design dominated by
» High radiation environment
» high fields
» low costs
® SC Dipole development--higher field increases lur

® SC IR quadrupoles are critical magnets at 4 TeV-£
after IP & shielding increases distance to magnet -




Lithium Lens R&D 11 - Cooling - Lithium Lens R&D
S UTHIUM CURRENT CARRYING COOLING ROD

1 -tuwbes of Nowid Nedium supoly;

Pty 4-two-wall insulated teantum

e Build prototype long Li lens

® Bench test at high repetition rate
e Cooling test in beamline
°
®

Add rf and second lens
Develop higher gradient lens

- buiid prototype long Liquid Li lens
- bench test - tast at high rep. rate
- cooling test — in beam line
; - add rf (100 MV ), add second lens

__ - develop higher gradient lenses
p-Cooling LI lens parameters

|B(M B (T/m) radius(cm) Length(m) [ (MA) 1(5=0.7r)

10 1000 1 1 050 1ms

15 3000 05 1 0.375 250us

20 8000 025 1 025 6us

20 16000 0.125 1 0.125 1S5us
(20 40000 005 1 0.050 22us
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Acceleration R&D e taamcant o g rotrons
e Flapld Cyclieg Scenarto

e Rapid Cycling R&D

» putsed magnets prototypes --high field and eddy currents
require innovative designs _

» pulsed lattice studies

e SRF R&D
» Pulsed SRF operation tests (350MHz, 1300MHz)

» HOM load--design to minimize loads and test HOM
configurations and materiais for pulsed SRF

or Recirculating Linacs:
ptp— Collider Facllity

RLA 4
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| z & D Needs

o Next five years: Identify and test critical components
for coflider complex. |
» Proton driver experiments
Target and capture experiments
Cooling experiments (Geer Talk) _
Pulsed and superconducting magnet development
Theoretical studies

¥

¥ ¥ ¥
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MILE STONES

» 1998 Higgs Collider Feasibility Study

e 2002 Higgs Collider Technical Design
Report = -~ oo

® 2007 Complete Prototypes

Status after 5 years of R & D

e Goal: Decision on feasibility of muon collider
» Demonstration of critical collider components:
- driver
- target
— capture
- cooling
» Numerical and theoretical models of the full collider complex
» Designs for further R & D needed prior to an actual proposal



Short term funding needs

» These numbers are a first estimate. They do not include contingencies or

EDIA.
» Fiscal year 01 is very approximate, but indicates that increased funding will
be needed.
25 _—
20 L
15 ' other
Py . { 'M magnet
= | miarger
D 1B cootling
10 W theory
m - ]
il B N N N
fy97 fyos fy99 fy0O0 fyO1

Long Term Plans

e The switch from R & D to machine building could take
place between years 6-9.

o Successful R & D program could lead to first muon
collider in 10-15 years.

e Complex could allow for a series of :.@:mq energy
colliders (100GeV--> 4TeV).
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LONG TERM PLAN

- Assuming R & D sucoessful

e Front End Construction and Systems Test

622

— m Production at full protoi; intensity -

- full phase rotation and decay
- first stage of cooling

© Recycler Accelerator Magnet Prototype

o SC Collider Magnet Prototype
@ Detector component prototypes

CARTOON EXAMPLE
Target green — R&D
) red = Protoypes

Acceleration Collider

phase FOFO
rotation , -
oooling |
Li Rod
cooling
Length
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Technology R&D
and
Future High Energy Physics Facilities

Presentation
to
The Muon-Muon Collider Workshop
San Francisco, CA

David F

Decembs

Common Threads

HEP Research ‘ New Physics ‘

General Body of
Useful Knowledge

New Concepts, Inventions,
New Technology: Plasmas, Lasers,

RF Power Source, Superconducting
Magnets, Instrumentation

Dreams & Innovation

Proposed & Projected:
NLC/ILC, Muon-Muon,
NUML, Jupiter

Reduction to Practice



The Snomass "96 Legacy

Future
Physics
Productivity

The Best of All Worlds
B-factory 4
! |
_ P _ ! i | | _ | ]
Now *Ncoo Nocu»
Main LHC
Injector First
Physics

Time from first concept |
To turn on of New Facility

~ 12 yrs in 1980
> 20 yrs in 2000 -
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HEP - TECHNOLOGY R&D

Future Facilities (cont’d)

Next Linear Collider
—~ R&D most advanced
~ Zeroth order design report
— Beginnings of international collaboration
— Systems tests; NLCTA, FFTB, and SLC complete or in progress
- Engineering and manufacturing R&D starting - “Design for Manufacture”

¢ /

Issues: 1. Present cost of project Tma-.mqu, must come down! — wfa ¥ever e
2. DOE support for KD-1, political commitment uhknown.

3. Formation of International Collaboration & site selection -- political!!!

HEP - TECHNOLOGY R&D

Future Facilities (cont’d)

.05 y-6%
Muon Muon Colliders (Energy ~ .2 x.2 to 2X2 TeV)

New Concept!? (Budker suggested 30 years ago,
serious thought: 1992 workshop)

Need to do critical go-no go experiments

» Momentum cooling
« Production target and capture (source test)

Accelerator physics theory

Have a national collaboration = National focus/leadership

Issues: 1. Magnets for storage L..:m -- technology not in hand!

2. w..:.&:mv Foudis, ﬂ.\i\ﬂ-u N

3. Not known if has “fatal technical flaw” (But looking good!)




HEP - TECHNOLOGY R&D

Future Facilities (cont’d)

JUPITER (Really Large Hadron Collider) (energy significantly > 20 x 20 TeV)

Two Options: High Field, Low Field

High Field R&D issue S.C. Magnets (B > 15 Tesla), Beam Dynamics

Low Field issue - Circumference > 600 km - tunneling cost, Beam Dynamics

Theoretical studies of special problems of really large machine

Lead time 15-20 years - to be assured of a cost effective technology

Issues: 1. Technology for high field S.C. Magnets not in

2. Funding -- needs to be paced to timescale, but needs to start strongly & soon

3. National focus & leadership lacking

Enabling Technologies -- The Sandbox of the R&D

Technology

Magnet

Acceleration

Vacuum

Infrastructure

Particle Sources

Controls
& Instrumentation

Accelerator Physics
(A Unifying Theme)

Use

Beam Transverse Control
Beam Analysis
(momentum)

Energy Transfer
Longitudinal Beam Control

Beam Friendly Environment

Utilities
(Cooling, Electrical,
Mechanical, Safety)

Hi Brightness beams

Measure Beam Performance
& Modify It

Beam Optics
Machine Design
New Concepts

Intellectual
Source/Developer

Nat’l Labs, Universities
& Industry

Nat’l Labs
& Universities

Industry

Industry
{mostly)

Nat’l Labs
& Universities

Controls--Industry
Instrumentation--Nat’1
Labs & Some Universities

National Labs &
Universities

hand, for low field magnets: unproven

Principal
lication
M».NNW\?{L T4,

Protons & Muons
(1u, Jupiter)
Electron
(NLC/ILC)

All

All

All

All

All
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ZﬂM=m~ H;@n—-ﬂc—cm% == Central to Feasibility of Jupiter and Muon-Muon Collider

Needs Issues " Directions Technologies

Precision Fields Variety of Geometries Better Engineering Precision Instru.
for small spot sizes (Solenoids, Dipoles, Mostly Known Design Software
for high event rates Quadrupoles, Sextupoles...)

Besign— Bactua = 0

High Fields Momentum/Radius ~ B Move to High I, Superconductors
for control of Self Forces ~ B2 LowR (Materials & tore)
R Struetwle
High Energy Beams B ~ geometry x I (~KxI)
[Energy ~ Bxp] Heat ~ I°R
g
x
v & o R &3 =
e m p.m 0 ~ - b <
oyt m m ay 4 .m .fl\n. nm. .M 2 N~
%. - S =
e m e o ey o
o, E- Sl
o m. m v m D
S ~ p ..m...
Ay 8 (2
Sy S — ]
(@) 7]
= _ &
o 3E
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nnw £ e
o
o, N
nw / <
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Field
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Superconducting Magnets -- Needed R&D on Materials

Superconductors T, T, H, R&D
(Kelvin) (Kelvin) (Tesla)
Ductile: NbTi, NbTiTa 9.2 1.8-4.2 11-14 J.at High B, Cost

Hard Ceramics, A15’s: Nb,;Sn, Nb;Al  18.0 1.8-4.2 19-27 J.at High B,
Production, Cost

Soft Ceramics, HTS: BSSCO 2212 =72.0 1.8-72 40-80 J. any B, Mechanical,
& 2223, YBCO Production, Cost

Universities: U. of Wisconsin, Ohio State
Industry: IGC, Oxford S.C., American Superconductor Corp.
National Labs: [.LBNL, BNL, Fermilab

R&D Players

Tech. Transfer -- U.S. Wire io%mrov.m. SBIR

Advances in the Critical Current Density

- of Nb-Ti Superconductors at 42K _,___ - — -~
—&— Yevatron Energy Sever Sirand, 1388,
18000 ;& BestProducton Hih Homogenety, 1985,
x =3¢~ Bagt Unbv. WY HT Mult-FIL Composite, 85,
~_ 16000 ; =%~ Bugt Small Scale HT Midt-FiL Compostie 36
£ e . : Revised Equivalent SS Strand Spezification
. .8...g ——
m 14000 1 7 e - N-Te rshuﬂ:.&._!:ia
. * —+— Aligned ribbbons, feld paraliel 1o ribbons.
£ 12000 | C Te X —~— Forckawa APC 94, dpe10 Som
2 x & 1995 —0— Suparcon APCHT %5
[ | x - X+ Nb-TE ND-TUND
o 10000 = .Abb& iﬂﬁﬂrﬂ.gﬂg
€ 1991 @~ KTt 1000mm mutiayer, 10nm Cu:em
o 8000 -+ No-ETwt %1, Kedyrov of k. (UWASC)
= 1986 & LHC dipole Outer 19K
m 6000 + LHC dipole inner 1.9K
g
= 4000
3]
2000 |
0
0
‘ Appiied Field, T
Y University of Wisconsin-Madison
i od Mggg; Center Jamusry 2% £997 - Complied by Peter 1. lee  NOTEicProgresappl, JCProgd7.ai
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Advancing Critical Currents in Superconductors

"Un-Critical” Critical Current
Density, AAmm’ —&—  Nb-Ti: 380 nm muitilayer Nb-TI/Nb {21/6) - McCambridge et al.
{Yais), 50 microViem, (0*)
100000 Nb-TE: Nb-TTi (19/5) 370 nm multilayer '95 (0°), 50 microVicm,
N. Rizzo ot al. LTSC'96 {Ynle)
~—@— Nbh-TE APC strand ND-47wi.%Ti with 24vol.%ND pins (24nm
nominai diam.} -Heussner et al. (UW-ASC)
b YBCO ~—3— Nb-Ti: Aligned ribbbons, Bii ribbons, Cooley etal. (UW-ASC)
] [ ---©0--- Nb-Ti: Bast Heat Treated UW Mono-Filament. (Li and
Larbalestier, '87)
7/[1..) —--@--- Nb-TI: Example of Best industrial Sceie Heat Treated
e Composites ~1990 { pliation)
T —a— Nb-#4wt.% Ti-15wt.%Ta: st 1.8K, monofil. optimized for high field
< only, unpubl. Les, Naus and Larbalestier (UW-ASC) ‘98
/f- f —@— Nb,Sn: Internal Sn Migh ic strand design (TWC) - Jablonsk!
10000 Y (E18'96) [Non-Cu J,}
At 42K Unicss | i .-_..".m.: u"o._.nomﬁ:..oo_%r stab. -VAC-HP, non-(Cu+Ta) J,,
Otherwise Statd | oner et al., Erice '96.
212 s ~———  Nby,8n: Tape from Nb,Sn, and Nb powders in Ta tubs, with
y NbTi 1wt.%Ge addition. Core Jc only, field Il tape surface, Tachikawa
K 9 . ot ai. (Toks! Univ.) ASC'0S and 10th USJW'9E.
4 ~ w~-fii~=  Nb,Al: Nb stabllized 2-stage JR process (Hitachi,TML-
./Ar/}. “I\d .. NRIM,IMR-TU), Fukoda et al. ICMCNCEC ‘96
3 A d e YBCO: NIYSZ ~ thiek ge, Hllc 4K, Foltyn et al.
L4l =T ¥ (LANL) ‘98
././/. - ﬂirl.. / —— BI-2212: pasts 4.2K Hasegawas ot al. (8howa) IWS'95, Biitape
WL | TN —a—— B1-2212: stack 4.2K Hasegawa et al. (Shows) IWS'95, Biltaps
1000 NDA -eele--- Bi-2212: 19 filament tape Blitape face - Okada st al (Hitachi) ‘¢8
= v BN --@-- Bi-2212: Round multifilament strand - 4.2K (IGC) Motowidio et
- \ al. ISTEC/MRS 98
L )Y N N —m— B 2223: Rolled 85 Fli. Tape (AmSC) BIL, UW's/96
Rk Y s~ B} 2223: Rolled 88 Fil. Tape (AMSC) 81_, UW'6N6
/ —+—— PbSnMo,S, (Chevrel Phase): Wire in 14 turn coll, 4.2K, 1
TN microVoltiem, Cheggour ot al., JAP 1997
/ _.!.w_./// e T
18K ¥ T J |
Nb-T-Ta / PbSnMo:Se
100 _ _ _ / \; _ 4
0 5 10 15 2 25 appiied Fleld, T

November 3rd 1997 - Compiled by Peter J. Lee - BestinClass.ppt, JCProgd0.xls

Superconducting Magnets -- R&D on Structure

®  Structure Advantage
Cos 0, Cos 26 Min. Conductor
(dipole, quad) Field Correction
Long Experience
*  Rectangular Low Shear Forces
Simple Mechanics
Lower Mech. Precision

* Endoskeletol Rectangular  Low Shear Forces

Disadvantage Status
Large Shear Forces Tevatron
X body forces HERA
Complex, High Precision SSC
LHC
More Conductor Beamline
Z body forces Magnets

Harder Field Correction

More Conductor New

Manageable Body Forces Harder Field Correction

Lower Mech. Precision

R&D Players w

Universities: Texas A&M
National Labs: LBNL, BNL, Fermilab

-\ - - -
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Superconducting Magnet - Rectangular Geometry
(LBNL)

Field Map
HIGH FELD (10T-15T) TWIN APERTURE : ——
SUPERCONDUCTING DIPOLE 1800

! {mm}

COMMON COIL DESIGN !

COLD MASS CROSS-SECTION

SCALE /4

A Magnet with Rectangular Endoskeletal Structure

N

Texas A&M (McIntyre) Stress management involves 3 ingredients:
e the coil (stiff, fragile)
- support matrix (very stiff, very tough)

spring (very soft, elastic)

AT S (AN D (A 1

TIEY LS T, ST ENT T8
i1 k1 i sl i 1727
Thg | T TN

Block-coil NbTi single dipole, usisg same elements as Nb,Sn dua) dipole.
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= €irrey = 0.80%
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HEP - TECHNOLOGY R&D

Future Facilities - Major HEP Issue

* Beyond current projects (FMI, B-factory, LHC)

*  Time scale 2005 and beyond -- really 10-15 years down ::ns ﬂ

Snowmass “96 looked at Physics and at NLC, Muon-Muon collider, and JUPITER and suppos

DOE response to Snowmass - $4.0M in FY 1998, $3.0M to NLC &?

Issue: 1. Need determination of priorities and game plan
Resolution: HEPAP Subpanel] addressing future facilities (and lots of other things!)

Issue: 2. DOE/HEP flat flat budgets and commitments do not allow adequate expansion of R&D even on
15-20 yr time scale.

Resolution: - DOE/HEP labs to commit internal resources to future facilities

- HEPAP Subpanel to recommend restructuring of program priorities on operating U.S.
R&D
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PA,"’"‘" & "#,z A ::” " Colliders -A frspective /. Glrera/ Theoredioa) Rerspective

Stardard Mode/  SUGB), x SUEC), x 4y
Qutlere Tremendous Intellectaa) Aehicvemert! (rwoyrs)
Based on /loca/ G'aﬁqg Symrmelrees,

Symmestry Dectates Lyranies !
Testeq at ~ 20./% Leve/ !

/ Genera/ Thearetical Frspective

2. Muor Collider Options ¢ Attroctiors (. Smmar/)
(Some Comment on Polariaatton)

‘) //éﬁs Jresonance V% ookl (Z #act‘o/y ) T Han ogzlséaﬂa"/[q [Foblem ~ Source of £/ S}amee‘r)/ Gr. ¢
&) Mo~S00 GV  WW, L€, ZH, ... Mass Generalion'?
U =25
i) 3~ 9 TeV ) , 250 6=V
s TV Nea [rontiers” Fundameetalists  vs  Dyremicists
w) ~/7% A .
V@) A(P'p-v*) SUCN) 1
3. Concluding Femarks b (R0 <lQQle> %0
v T \v+H u’,g Nge ™ 2s50GeV
Elementary Higs Mes Strag Pylfzz?;gib
Erlightened Fandamentlalists | Enlightencd
/ : Dynramicists
S’zgoers'/mmegr/ ! ?
b . r
En/ages Space-7eme Sy U Bebioms)
gpartic/es T inlor P
bosorr «» termiorn echries
¢ <o ¢tE 10750 ©
Necds Exp. Suidance



399@/‘5:’/2)?3 (17-Zheory) el Gi’:;‘:é-" Jias Symphony 2. Muor Collider Opteons y Abtractions (Summary )
~ Supersymmelry Qverdieew - V. Baeqer
/ : w U y. es.
High Energy Fhysics Goals (e Mast Do) Optens: pp Nl /”Q/Zi; loc) /4
C. Heuseh
1) Find rSz‘z/d/ Seurce of EW S, nmez‘/}v Br. SJ gant'aﬂ
(Fina Higgs +Beyond) g /A ‘?
K. Cheurn
2) Find Supersymmelry (Sparicks) - Stady 2 i'z.;;
L. Mo/;
3) Fend Source of SYS¥ Emﬁc'r‘a}q_ z, (; ggzg’_
2L IR
) lncover ‘New Dyramics " KL Colifers /5 ~foG2V, /am‘»’o&t/ VTV, so T2V
) Discover lhexpected (Explore) Serive for God Lrergy Resolution
: Heghk Lamenasity
Folarczation
Explore éémq //J/I Energy . Lomment on Rlarization (Rem for Ltk lamirosedy fess)
High [Feeisé Muors Collidor
J a7 (Ségreal + Background Effects)  * 5. Skrinshy
High Sensitivity | Potentially very £ ;
J 24 important Zoo/ A r /g”- 2 ./_72_
0.2 0.2 0.38%
03¢ =03y 0.6/0
o.50 ~050 0.80
0.720 -0.70 o.99Y
089 -089 0.993 A. Skrensky
P SRIAIY | very cxeilers 07

adcca/ /
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, (D.Cline)
‘) /_‘/5@95 Aesonance (v £ Facz‘ol"y) - Fersé Muor Collidor

P, Bambad
LEP = 73, 2 78 (33) GV / {9.%’3 y

(70w TanB being tested)

Frecision EW  sr’G,, > Ry > Light Higgs (6. Kane)
i P. Rentor

Geetable) 7, € woGev! (Mrrow)

LEPT - roobeV
FNAL = /20GeV (C’.Qaf_‘zy)

SUSY = my < /30 (s50) GV
looks Goodd For Heggs Fesonartce Stualies
Perhaps A KA, K, D z %n;&

C. M A
J- Fena
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[, % 3MeV, A/ a0’ , LioostT (?)

Ny ¥ 3000
H > /23 & yadad
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