rs Saturday Morning Physics - Accelerators

Accelerators

What’s Up Now?

What's Up Next? <<<< We Are Here ...
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Accelerators - What's Up Next?

What Up Next?

electrons and positrons : ete Colliding Beams
protons and protons : pp Colliding Beams
muons and muons : ?* ?- Colliding Beams
neutrino beam : From decaying muons

But first, aword about recent times...
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Recent Times ...

Physics Today January 2001

Maury Tigner (Cornell University)

Comparing hadrons and leptons

Constituent hadron collision
energy is about 1/10 of total
beam energies

Constituent lepton collision energy
isall of total lepton beam energies

Leveling off? ... yes... why?

It's afact of life if you keep using
the same concepts and evolve with

the same basic technology

February 16, 2002

hadron

= T T T TR T

e

A T4 A

Constituent Collision Energy (GeV)

David Finley / Fermilab
Saturday Morning Physics

1970

e
LTSt

PETEA PEP

et e Colliders

CESR
® VEPPIV
SPEARII
SPEAR, DORIS, VEPPLI

s
|_|1J'

ORI U i 2010
Yearof Colllsons "S“d623




ete Linear Colliders

The good new Is:

The electron isalepton

A point (so far aswe can see)

Simple particles give smpler interactions
Precision tool (if you know where to |00k)

Q4. How is it that we see more matter than antimatter?
Q2. How does it all behave?

The bad new Is:

Not much mass...
radiates photons like crazy when you deflect them
(Thisisagood thing at Argonne ... but a bad thing for e )
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SLC NLC _ :
_1_0_0 GeV 0.5-1.5TeV The NLC isan et+e- Option.

rapm| = llesere (NLC = Next Linear Collider)

_ J Compressar

Compresaor
136 Mav (L)

Two straight accelerators about 10 km
e long each providing 250 GeV beams.

240-490 GeV [X)

damping

e~ source

Several smaller (and rather complicated)
accelerators and devicesto feed them ... 2
GeV, 3-6 GeV, positron target, 3.85 GeV,

Second

R damping rings, compressors

A pair of final focus lines, a detector,
ikl NN cnd a beam dump.

N
400 m ! a6 Gel (S) 240-480 GeV ()
<180 m I 2 GeY L)

Pre-Damping
Ring (LIHF}

Sompressor Total Length = about 30 km.

Fre-Linac Comprassar
8GeV(S) 3.85 GV (S)

(SLC = SLAC Linear Collider)

(SLAC = Stanford Linear Accelerator Center)
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Schematic of NLC RF Test

ETF (Engineering Test Facility)

f - March 2001 Version shown
- About 400 meters long
- 6 RDDS 0.9 m structures per girder shown
- Tests Power Sources. DLDS. Structures

NLC Linac RF Unit
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April 4, 2001 D. Finley Fermilab @ DOE SLAC Review
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Fermilab is
developing along
term plan for
performing this
testina
refurbished fixed
target beam
enclosure ...

see next dides
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A Tunnel for an NLC RF Test

February 16, 2002
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The ETF

. enclosure

ISmostly
empty now

s ... and that
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And Building for an NLC RF Test

The MP9
building is now
being used to
make parts of the
CM S detector for
| theLHC ..

but It can be
; reused for the

February 16, 2002 David Finley / Fermilab Side 2.8
Saturday Morning Physics




s 1.8 meter long NLC RF structure

Made by the
KEK labin
Japan and
tested at the
SLAClabin
California

Each structure
has 206 disks ...
see next dide
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NLC RF copper disks

Each disk has a 61 mm outer diameter and 8 mm thickness.

February 16, 2002
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The electron
Or positron
beam goes
through the
center hole
and unwanted
energy is
taken away In
the four side
channels.
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- /.Tuning rods

Magnetic materia

_ | —~Pole

~ Flux return

Courtesy J. Volk et al, PAC0O1 Chicago
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s NLC Permanent Magnet Research

L Wedge Quadrupole Design L

Permanent Magnets

Iron Core

P Bk Rotational PM Rod

Courtesy J. Volk
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Courtesy J. Volk
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s NLC Permanent Magnet Research

Measure the fields

Think.

Realize temperature
control is important.

Courtesy J. Volk
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s NLC Permanent Magnet Research

Measure the fields while

controlling the temperature ..
Control the Temperature ... ——= | S —
_— i R i~

e i — -

Modify the design ... etc etc
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Courtesy J. Volk




TESLA at DESY Isaso an e"e Option
(TESLA = TEv Superconcucting Linear Accelerator)
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TESLA & NLC Tunnel Sketches

_l:

TESLA Main Linac Beam Enclosure. NLC Main Linac Beam Enclosure.

Modulator & refrigerator enclosures / buildings not shown. Klystron & modulator enclosures / buildings not shown.

1G8.000

Tunnel is 5.2 meter diameter Tunne is 12" high and 14 ft wide (3.66 m x 4.27 m)
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re Protons on protons

The good newsis:
We know how to do this ... standard techniques
This gives us the energy frontier

Thisisthe path to discovery
Q1: What's it all made of?
Q2. How does it all behave?

The bad news (if any) Is:
It getsto be very large ...(see later dlides)
And some” say wait for LHC results.

I *“Some” include Directors of the world's HEP |abs.
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US LHC ACCELERATOR PROJECT

brookhaven - fermilab - berkeley

LHC IR Quadrupole Magnet

Baseline Design / Model Magnet Variants (COI d Mass Only)

Design Short Sample ~250 T/m (14kA)
At 215T/m, 12kA peak fields: Fo Yoke

sinner coil - 8.4T _
wouter coil - 7.0T //‘/ 8mm SS Skin
Collaring Keys ___~

\ \\

Nitronic 40

Collars \ %

*
] . : Weld Press
Bearing Strips « Alignment Notch
(pole surface only) .

Tuning Shim Slots §5 Skin Alignment
Key

Collar/Yoke Alignment
Key

ASC 2000 18 Sept. 2000

Courtesy Phil Schlabach
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¥y LHC IR Quadrupole Magnet

This quadrupole magnet is 36 inchesin
diameter and about 7 meters long

Fermilab is making several
high gradient quadrupole
magnets for the Interaction
Regions at the LHC
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VLHC - Low Field Option

(Very Large Hadron Collider)

Magnet Cross-section

G.W. Foster and
Upper Core ' ! V. Kashikhin

May 2000
Superconducting Cable
~

'/,

Vacuum Chamber
AN
I

Lower Core /

/

Vacuum Shell
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TRANSMISSION LINE MAGNET VIEW

G.W. Foster and
V. Kashikhin

100kA SC Cables M ay 2000)

Vacuum chambers Iron Core

Nitrogen Screens

Support tube Half cores connecting
Vacuum shells plate

Support High precision spacer bar
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G.W. Foster and
V. Kashikhin

May 2000
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A Tunne Vision for the VLHC

_l:

Both high and low field options are shown in the LEP tunnel as an example.

» The low field

) & jsonthe
bottom, the
highfieldis
on the top.

Thetunnel is
real and IS
about 12 feet
In diameter.

‘
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E_ommnta on a U.S. site at Fermilab:

Geology and Tunneling

VLHC

The U.S. site of the vihc is assumed to be Fermilab,

» Existence of the injector chain
» Excellent Geology

February 16, 2002

Why put the VLHC at
Fermilab?

Courtesy E. Malamud
malamud@fnal .gov
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VLHC

Recall it is named “very large”
for a good reason.

It would not really be “at
Fermilab”.

Rather it would be under
“Northern Illinois’

But the NuM| neutrino beam
aready will go from Fermilab
to northern Minnesota.

(Y es, under Wisconsin!).

© 1997 by Rand McNally & Company. Al rights reserved. Courtesy E. Malamud

—— _ malamud@fnal .gov _
February 16, 2002 David Finley / Fermilab Side 2.26

Saturday Morning Physics




re Muons on Muons

The good news is:
Just another simple lepton ... just like the electron

But heavier than the electron
They don’t radiate photons like crazy
They interact better (40,000 times better) with Higgs

Q3: How do particles come by their mass?

The bad new Is:

They only stay around for 0.000 002 seconds (or s0)
They spit out electrons ... which then radiate like crazy
And they spit out neutrinos ... hmmm ...

|s this short lifetime so bad?

Can it be used to our advantage? >>> See next dlides ...
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Medium baseline experiment eg Fermm -> SLAC/LBNL
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L
(km)

Dip

Heading
(Deg.) (Deg.)

FNAL — Soudan
FNAL — Gran Sasso
FNAL — Kamioka

732
7332
0263

3
35
47

336
50
325

Fermilab

(CERN)
L=732Km

Ey
(GeV)

L/E (Km/GeY)

FNAL- KEK-
Soudan Kam.

Soudan
{(Gran Sasso)

Kamioka

10
20
30
40

73.2
36.6
24.4
18.3
14.6

25.0
12.5
8.3
6.3
5.0

Fermilab

L/E (Km/GeV)

Gran 8. Japan

~926
~463
~309
~232
~185

~133
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Neutrino Factory

Physics Guidance.

The Distance L
between the Neutrino
Source and Neutrino
Detector is important.

And so istheratio of
L to the Energy E of
the neutrino beam.

Courtesy S. Geer
Slide 2.29




Proton Driver + Linac

Target Station
50 m long drift

100 m long Induct. Linac
60 m long bunching

140 m long cooling
1.6 GeV, 200 MHz linac

=3 GeV linac
2 GeV of acceleration

RLAZ B GeVmax, TS5 MeVim av -.a. o

=4 |

= 25m, C~-800-900 |

A =180m a
Matching = 200 m (beam separator; |
fcomhinery

Storage ring, S0 GeV max,
Turns =4

P =30 m, C~1300 m
Arc =130 m
MMatching = 100 m
Froduction Straight

February 16, 2002

B Arc =380 m

Neutrino Factory

RLAZ, 40 3e¥ max, 7.5 MeV/m average
Turns =4
p = 60 m, C~2400 m

‘ MMatching = 600 m (heam separators/

kb Layout.

' Linac =2x670m

It takes alot of things
to feed it, but all
together it is not so
very large.
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Neutrino Factory

Design.

We need to am
DOWN ... s0 ...

- ANCEL GROUF — AQUIFER {PRIMARILY SANDSTOME)}

2662

2287" What' s under
Fermilab?

38.8% = (ONE STRAIGHT SECTION/PERIMETER)*100
GIESOLATTICE PLAN
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A Neutrino Factory at Fermilab
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e

The good new Is:
All the muons decay to el ectrons and neutrinos

Never been done ... surprises probably in store
Q1, Q2, Q3, Q4, Q4++

The bad newsis:

Not discovery, not smple ... So, maybe not “interesting” ?

Aside: Really global-sized experiments
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And Into the Beyond ...

The good new and the bad new is.

Hasn't been done before ...
For good reasons, usually ...

One example is Plasma acceleration
100 TeV center of mass ... and ...
All the equipment fits on the Fermilab site
But Is costs too much to operate ...
At least ... using today’s ideas and technology
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T

|deal (but highly unstable)

How is it made?

@ Start with Atoms

Pull Them ...

Pull Them ... Pull Them Apart!
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T Plasma o

How doesit act? Electric Field

One“Pl asma Period’
| >
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RF Gun and focussing
solenoids

NIU (Northern lllinios
University) is now
heavily involved with
this project.
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- http://www-ap.fnal .gov/AOPI/a0pics.html
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rd A0 Photoinjector at Fermilab

February 16, 2002

Spectrometer magnets,
plasma chamber, and
beam dump

http://www-ap.fnal .gov/AOPI/a0pics.html
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e

Thisisstill fun.
Q1: Sowhat ISt all made of? and
Q2: How DOES It all behave? etc etc

Thereisstill lotsto do.
Decades (in performance and on calendars)
The best ideas are yet to come ...
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That’s It From Me....
Wl And Now For Today’s Tour

Your Host: David Finley
finley@fnal.gov

SAT 2/16 at 9am CT
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