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Abstract

In the past the development of the proton-antiproton collider at CERN
(and FNAL) relied on 6-D cooling of the beam. We briefly recount this
and the following discovery of the W and Z bosons as an example of
what we worked on. Currently, a possible discovery of similar
magnitude could be made with a p+pu- collider. Again as in the collider,
6D beam cooling is crucial. The current version of the u+u- collider was
started in December 1991 at a UCLA workshop help in Napa,
California. It was rapidly realized that such a machine is also a Higgs
boson factory. Workshops in the 1990s confirmed this fact. In the case
of the supersymmetric A and H Higgs bosons the interference of these
two states might be one origin of CP Violation in Nature. CP Violation
can lead to an excess of matter over antimatter in the current universe.
Again, 6D beam cooling is needed! We indicate some of the possible
methods for 6D cooling including the use of a 50T solenoid - a great
technical leap forward.



6D cooling in the ICE ring at CERN,
1978-1980
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ICE 6D cooling experiment: methods of
antiproton cooling - 6D cooling
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The concept of a muon collider

Schematic concept for a
muon collider
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Formulas for 6D cooling
of muons

dey _ 1 dE, 20 B1 (0014)
ds B2 ds E, 2B*E,M,Lp
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TABLE 1. Arguments for a Higgs-Factory u"u Collider.!”

1. The my\m, ratio gives coupling 40,000 imes greater to the Higgs particle. In the SUSY model, one
Higgs my, < 120 GeV'!!

2. The low radiation of the beams makes precision energy scans possible.

3. The cost of a “custom” collider ring is a small fraction of the y™ source.

ri

4. Feasibility report to Snowmass established that <f ~ 102 em *s s feasible.




A Higgs factory and CP violation at a muon
collider A/H Higgs boson

Muon collider Higgs boson factory: h® Higgs boson m,, ~ 120 GeV

f . 30nb ot
Gw =z ° /5 =91Gev
- _ 580nb
1-=bb T~y el = =g
4 145nb
o _--}-'v-hj':l Also:
i 9; [ IH.'IH.;“!II
m_' - L] - * A
\
-|.  z-bb
/| [ ~Jz0Gev
- ‘IL - . ) i
b H:;I‘Jh‘hjmmi {wwizz) u’+"‘l‘ nggS boson faCtory
b B .
= PAIR production
%, T~ dominont
o
b f‘*"‘"a}?‘“"ﬁn“ F-‘P-pzq.Hi
H\j e T~ / My = 160GeV
) - [ 0% 27~ <3
0 : N
b production h"“ih.)_ m TN L (M= 1506eV)
| Hﬂ%{r“"f H"ﬂh‘ ""‘-.‘h‘i =
LEP I limit on | I~ -‘"‘-El}
=37 J -
10 He mass ; o /(--.
- ~—
— ™
) T!ml ;f 1 Quork ﬁ-"'-‘_ - T
L : 1 L ! I
50 100 150 200 250 300



Comparison of u+u- and e+e- production
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A/H Higgs bosons (I)

a (pb)

A and H Higgs
bosons have opposite
CP states

The interference

| between A and H can
—._| cause CP violation
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A/H Higgs boson factory to observe CP violation



H /A Higgs mixing in C P-noninvariant supersymmetric theories

5.Y. Chot!, J. Kalinowski®®, Y, Liao®, P.M. Zerwas*

! Department of Physics, Chonbuk National University, Chonju 561-756, Korea
? Institute of Theoretical Physics, Warsaw University, 00681 Warsaw, Poland

¥ Institut fiir Theoretische Physik, Universitat Leipzig, 04100 Leipzig, Germany
4 Deutsches Elektronen-Synchrotron DESY, 22603 Hamburg, Germany

Recewved: 1 October 2004 / Revised version: 10 January 2005 /
Published online: 9 March 2005 - (©) Springer-Verlag [ Societa Italiana di Fisica 2005

Abstract. For large masses, the two heavy neutral Higgs bosons are nearly degenerate in many 2-Higgs
doublet models, and particularly in supersymmetric models. In such a scenario the mixing between the states
can be very large if the theory 18 ¢ P-nomnvariant. We analyze the formalism describing this configuration,
and we point to some interesting experimental consequences.



6D Cooling for muon colliders
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Summary

In the recent history of elementary particle physics the cooling of a beam
to 6D (momentum and angle) has been very important for the discovery
of the w/z bosons at CERN and the top quark at FNAL. With the advent of
the muon collider concept, 6D cooling will become crucial again. To
develop important discoveries such as the properties of the h® Higgs
bosons (the origin of mass) and CP violation(the possible origin of large
amounts of matter in the universe compared to antimatter) could be
studied. The Higgs factory would produce the largest number in the
world. The muon collider Higgs factories could be a major breakthrough.
We have shown one form of 6D muon cooling that uses a 50 Tesla magnet
(the largest field so far) being studied by the company Particle Beam
Lasers Inc. and Brookhaven National Labs.
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