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ABSTRACT We expect the supercollider LHC to extractstymal from
Packground|(e seeing eithen®- vy or the very raréC - ppppt
n this mass range, sinde- bb is swamped by hadronic
ckground). However, detectors for the LHC are designed to
axtract this signal. Figure 1 gives a picture of the various
ysics thresholds that may be of interest fof a u p collider. In
this low mass region, the Higgs is also expected to be a fairly
narrow resonance and, thus, the signal should stand out clearly
[om the background from

In the future, the growing evidence for a Higgs scalar secto
could require a factory for the copious production of H|gg0
particles. This could be even more important if the complea
SUSY-Higgs scalars exist. It is also possible that the Hig
sector will be only partially resolved at the LHC. We show ho
a u i collider could provide such a factory. Starting from th
= source, the collider will only be a fractionth® cost and can
be custom designed for the energy range required. We als
show that large®u polarization is essential for the collider.

pp ~y-bb~Z ,~bb . Q)
[. INTRODUCTION For masses above 180 GeV, the dominant Higgs decay is
Recently there hdseen a great deal of activity concerning h°~W'W~ or Z°Z° , 2

W'y colliders, starting with the Napa workshop in 1992 [1,2}n the LHC should easily detect this Higgs particle. Thus the
We have proposed that such a collider is very useful to study H?Pcollider is better adapted for the low mass regidre report
scalar sector of the electroweak interaction [3]. In this brigf Bargeret al is very illuminating regarding the physics
report, we discuss the arguments for a Higgs factory (Table &tenual of a py collider (see Table I1)}-[B.

The strongest argument for the low-energy 250 x 250-GeV

collider comes from the growing evidence thathiggs should 10° T | T 1 | T | T | T 1

exist in this low-mass range from:

1. The original works of Cabibbo and colleagues [4], :gm___
which shows that, whem, > M; and assuming a grand H
unification theory (GUT)M,, < 2M, [4]; 10— A

2. Fits to LEP data imply that a low masS could be tan =20

consistent withm, > 150 GeV [5]; o T =
3. The extrapolation to the GUT scale that is con5|stéht = . .
with SUSY also implies that one of the Higgs shoul® 10—

have a low mass, perhaps below 1880 GeV [5]. ?-: R
This evidence implies the exciting possibility that the H|g§s __________
mass is just beyond the reach of LEP Il and in a range thazt |s '
very difficult for the LHC to detect [6]. 9

Table I: Arguments for a Higgs-factory i pu collider. STEP3- SCANWITH " COLLIDER

| 2 DIRECT WIDTH MEASUREMENT
1. Themu\ m, ratio gives coupling 40,000 times greater to theto

Higgs particle. In the SUSY model, one Higgs < 120 00 cer
GeV” NO SQUARK MIXING
- y % T O I A
2. The low radiation of the beams makes precision energy scaffs 0 100 200 300 200 500

possible. HIGGS MASS (GeV)

3. The cost of a “custom” collider ring is a small fraction of theigure 1: Higgs-factory u"u collider concept. The Higgs is
u source. discovered at the LHC (CMS) and the width further reduced at

the NLS or at aft u collider. The final stage is to scan for the
4. Feasibility report to Snowmass establishedghatl(® cn?  Higgs at the {1 1 collider. Existing models cardistinguished
s s feasible. by their widths. {Adapted from [5] (BBGH = Barger, Berger,
Gunion, Han) and [8].}
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Table Il: The scalar sector.

With a high-massquark, precision LEP/SLD data and the theorists' dreams of a SUSY world, the scalar (pseudo-scalar sector) is
possibly very complex and may require several types of coll{ders. Consider:

If the low mass Higgs haa > 130 GeV, MSSM is not allowed.

If m> 200 GeV, there are constraints from the requirement that perturbation theory be useful up to very high energy and from
the stability of the vacuum.

If m< 130 GeV, MSSM is possibly ok, but we may expect other partigles)( and the width of the low mass Higgs may
change.

The scalar sector may be extremely complex, requppn@HC) and I 1 colliders (and possibly NLC ayr colliders).

In high energy collisions, vector states are allowed unless a special method Sassider [i 1 colliders with polarized p :

(100-500) GeV- scalarsid, A, ...) W'W
. -
[T <
> 2+ TeV Z°Z° production in scalars

This cannot be done fqp or €€ colliders.

A 'y collider is complimentary to the LHC/CMS detector.

[I. SCAN FOR HIGGS MASS AND WIDTH:

In this section, we assume for the sake of argument that the 0.01% ~C
CMS detector at the LHC has barely detected signal-at.30
GeV (0~ vy) and at an experimental width of ~8 GeV (Step 1,
illustrated in Fig. 1). The question will now be 104 1%

1. Is this a Higgs boson or not? N
2. Is it the standard model Higgs or a SUSY Higgs?
We envision the next step would be to construct the u p collider

operating between the energiefgfp. ~myp (CMS) andEwp. —~ 10% —
~m, +my (CMS) or the use of the NLC to obserfe - z°h°

[9]. We build the [i 1 collider (after already having built'a p f’
source), and for Step 2 operate neazthe h® (CMS) threshold ©
to determinano andl',oto ~ 1 GeV. (See Fig. 2 for the cross
sections). For Step 3, we envision an energy scan of the mass
region by varying theu"u energy [6,8]. At some point, the mass
and width are determined and then used to distinguish between
the standard model Higgs and a SUSY Higgs (Fig. 3). 10" —
The final step is to measure the branching fractions for
different decay modes [10]. Figure 4 shows the expectations for
the standard model Higgs.

SUSY OR NOT 10°

£ A

WITH BREM

uu —> Zhgy
107 |— (i)

ST I 1 A I A B O
lll. POLARIZED COLLIDER
. : o : . : Mp., (GeV)
The most interesting question in particle physics now is SM
associated with the origin of mass. Itis generally assumed thgfre 2. Cross sections versms, for inclusive standard-

the exchange of fundamental scalar particles, called the “scalgfge| Higgs production: (i) thecsﬁ"anneléh for p* = hgy,

sector

is somehow responsible for this. For super-symme{jh r = 0.01%. 0.06%, 0.1%. and 0.6%: andd{i)* i - Zhgy,)

modes, this scalar sector is even more complex and interesfjpg’s =m, +4y2m, . Also shown is the result f&r= 0.01%
(see Table I1) [11,12]. if bremsstrahlung effects are not included. (Adapted from [5].)
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Figure 3. The effective cross section, obtained after
convolding o, with the Gaussian distributions fBr= 0.01%,
0.06%, and 0.1%, is plotted as a function/sf takipg 110
GeV. Results are displayed in the casgg h® with tanp = 10

and = 20. In the MSSMP cases, two-loop/RGE-improved
radiative corrections have been included for Higgs masses,

mixing angles, and self-couplings assummg = 1 TeV and

There are several ways to determine the approximate mass
of the Higgs boson in the future [9]. Suppose it is expected to be
at a mass of 135 + 2 GeV, the energy spread 6fa p u collider
can be matched to the expected width (see Fig. 5). An energy
scan could yield a strong signal to background especially with
polarized fi 1 in the scalar configuration [11,12]. Once the
Higgs is found, the following could be carried out:

1. Measurement of width, to separate standard model Higgs

from SUSY or other Higgs models [4,5],

2. Measurement of the Branching fractions, the rare decay
will involve loop effects that can sample very high
energies.

Polarization will play an essential role for any u g collider
[12,13]!

Polarization is natural foru since they are produced in
weak decays and are initially fully polarized because of this
V-A interaction. There are three proposed methods for
producing intense polarized u beams:

 Accelerate polarizion and cool ther™ (A. Skrinskyet
al.) [14],

« UseK* decays and “narve-band neutrino-like beam,”

+ Use pion decays and a short proton bunch [8].

Figure 5 shows the tradeoff between intensity and polarization
in one of these schemes [8,12,14]. This is one of the major areas
of research for'u p colliders.

IV. SOME EXAMPLES OF POSSIBLE"u
COLLIDERS FOR HIGGS FACTORIES

neglecting squark mixing. The effects of bremsstrahlung are not a; his meeting, the U.S " i collider consortium presented

included in this figure. (Adapted from [5].)
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Figure 4. Machine requirements for Higgs scan [11].

In this section, we highlight one of the most interesting go%

a feasibility design of a'u"p collider [8The important point is
thatg ~ 10 cn? & was shown to be possible for this collider.
We consider this an existence of proof of sorts. This collider is
complex, the simplest part being the actual storage ring for the
U collisions. It is important to note that this collider ring is
likely a minor part of the cost of the overall complex.

There are other possiblé€ |i p collider designs that may
serve as a Higgs factory. These designs differ by either the
assumptions about thé p cooling method or the type of overall
collider. Figure 6 shows a schematic design fof a p p collider
in Japan that uses the high-current 50-GeV accelerator now
being designed for KEK [15]. The cooling method is by
frictional cooling of low-energyj1 beams.

Figure 7 shows a scheme worked out by the author and
A. Bogacz, which uses crystal channeling for both the cooling
and the collisions [16]. In the latter case, if tfe p can be
confined to a crystal channel (~-13D A) then high luminosity
can be achieved using mode$t p intensities, greatly reducing
the background and possible cost of the Higgs factory.

A hypothetical schedule for a Higgs-factofy i p collider is
iven in Table 11, which is of course entirely the author's own
Rwpoint.

of a ' {i collider: the discovery of a Higgs boson in the mass | yis to thank members of the CMS collaboration, the U.S.

range beyond that to be covered by LEP | & Il (~80 GeV)
and the natural range of the supercolliders.

"y Consortium, and V. Barger, J. Gunion, and T. Han for
helpful comments.
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Figure 5: Polarization versus the fractidﬁl, of muons
accepted (solid line: polarization at source; dashed line: after
cooling) [7].
Figure 7: Crystal quantum collider concept [16].

COLLIDER

RECIRCULATING
LINAC

LINAC .
Table Ill. Possible scheme for a

Higgs-factory i 1 collider.

P SYNCHROTRON
1GeV, 200 L A

~ 2003: Start construction of u  source.
~2006: First observation bf in CMS (ATLAS).
~ 2007: Design final collider; start construction.
ULLFEA/-SLLLQW ~2009: Higgs factory operates; scantr

~2010: - 10 h%in direct channel.

Figure 6: Japanesé |i pu collider concept [15].
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