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Abstract decaythroughout the systenproducing electronsvith a

) ) mean energy ofl/3 E,. The mean e-beam energy
In a conceptual design of the accelerating systems for adsposition is a constant: dE/ds =aH(3L,) perp (0.053
TeV p'-° collider, three recirculating superconductingmev/m/y). Beam can be accelerated from 1 GeV to 2 TeV

linacs (with energies reaching 70 Gefith 350 MHz \yith <20% decay loss and <10% longitudimiiase-space
SRF), 250GeV (800 MHz)and 2000GeV (1300GH2), ilution, [2]

respectively) are used. @ We briefly describe design
concepts for the acceleration features, superconducting RF

cavities, input couplers, RF contrahd the RF power RLAZ
systems.
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RLA2  RLA1 |pac

1 INTRODUCTION

Muon colliders can provide strong potentavantages in
high-energyphysics, but also present serioteshnical
challenges, as described in the Snowmass feasisilitly :
[1]. In this paper, we explore theuperconducting RF Figure 1. Overview of g™~y collider system.
(SRF) components of a possilleaccelerationsystem.
The central difficulty in theu™-pu collider is the muon’s
decay, with a lifetime of 2.%10%, s (wherey, =
E/m,c? that implies arequirement for veryrapid
increases in muon energies.

There are many possible variations in RLA scenarios.
The present case is simply an initial example, from which
more detailedspecifications of rfand transport systems
may be developed, with eventual reoptimization.

In an acceleratathe decay andacceleration rates can 2 SRE ACCELERATION SYSTEMS
be combined to obtain an expression for beam survival:
My c? . . . .
B EEmma [T (GBS 2.1 Basic Design Considerations
Niina = Ninia j—E 0 ' The RLA permits economic multipasecceleration, but
fina L] the separatetransport for each turn with cost and

where N, and E aréhe numberand energy of muons  complexity considerationdimits the number of turns to
beforeandafter acceleration, .= 660 m is theyt decay ~10-20 per RLA, which is very compatible with the
length, and dE/ds is the acceleration gradient (including alfetime constraint. Counterrotating® and i~ bunches

lengths). Smalldecayloss requires dE/ds >> /L, = can be accelerated in the same RLAs. In the baseline
0.16 MeV/m, which is relatively large, but can teached

in multipass systems with moderately high gradient.

In the feasibility study, armcceleration scenario is Table 1. Parameters of a 4-RlpAaccelerating system.
presentedvhich consists of an ~GeV linac injecting
into asequence ofour recirculating linacs (RLAs)each RLA1  RLA2 RLA3  RLA4
of which increases beam energy by ~ amder of Beamenergy 1-96  9.6.70 70-.250 250-2000
magnitude andwhich acceleratebeam up to 2 TeV for (GeV)

injection into a collider ring.  Figure 1 shows a RFfrequency 100 350 800 1300

conceptual overview of a 4-RLA system. (MHz) o " 1 16
The basicacceleratingunit in this scenario is the N tums 10 6 16 112

RLA, which consists of two linacs witreturn arcs in a \L/ﬁ/tuznc (Ci\Q[R 0.26 0.95 232 12.6

racetrackconfiguration. The beamare accelerated and (lé“r;() finac )

returnedfor severalpasses in the same linacs, but withgo, 0 survival  91% 94.8% 97.6%  96.4%

separate return arcs (9-16 turns). O, peun(CM) 8.3-48 13 0.6 0.3
For high luminosity, thel"-p collider will require a Temp. K 4.2 2 2

large charge pasunch of ~X10'?in a 3 mm bunch, so
short-range wake-field effects and higher-ordemode
(HOM) loadswill be enlarged. Also the p-beam will
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scenario, the RHArequencyincreasesrom RLA to RLA  R/Q (-33%). Figure 2 shows modified arrangement of
as the beam increases in enemgylthe bunch length is the TESLA type cryomodule [3].

correspondingly shortened tomatch final collider

requirements. Table 1 displays system parametethidn 2.3 800 MHz (RLS3) & 350 MHz (RLA2) SRF
scenario, RF systems at 100, 350, 800 and 1300 MHz &ecause oflarger aperturesind longer bunches, .k, is
needed. While Cu cavities are suitable for the ~100 MH#pected todecrease as ~ Xd° so HOM loads at 800
RLA, the higher-energyRLAs require arelatively long MHz and 350 MHz should be much less (~60 Wanal 2
multipass pulsendhigh efficiency. The relativelfarge W/m in this scenario).Decaylosses at this intensity are
apertures oBRF cavitiescancontain thelarge-emittance ~16 W/m; werequirethat the cryogenicsystemtolerate
p-beams (with decay productahd reducehe wake-fields. ~10% of this at 2 K (1.6 W/m); theemaindemwould be
Significant difficulties in the adaptation of SRFabsorbed at higher temperature.

technology tqu*-y acceleration exist. High-power HOM c He  Iclc He 9-cell TELSA
loadswill be neededand the beam transpornd SRF "~ 37 gy )ﬂ(ca\"tyﬂl
cavities must accommodate any spillage fyoatecay. FLm]

If the total RF voltage and beam current are fixed, the
total investment costdepend onthree items: 1. total
length L of the cavitieand cryostat-‘linearcost’, 2. total e gas return ipe 0K thermal shield
RF power to be transferred to the beam, and (support girder)
3. total RF power dissipated inthe SRF cavities: \\ 45K thermal shield
‘cryogeniccost’. Also, we must takéto account the 70K He- forward
five-year operational cost of RFgenerator power and
cryogenic power.

For a CW machine the cost minimum lacated
where the first item isequal tothe third, but not the
maximum attainable gradient. However, the use of pulsgangutcoupler flage
RF canreducethe ‘cryogenic cost’ and allow for us to
choose higher E. The remaining issues for ‘pulsed’
muon collider are: (1) should we cut the Linac length
while keeping the same number of beam transport

components in the arcs, or vigersa? And(2) what is Figure 2. Acryomodulebased onthe TESLA cavities;
the highest Eacc which we expect will be used pulsed  input couplers - IC and HOM couplers - HC.

operation in the future?
The 800 MHz RLAS3 requires 16 GV &RF or 1.07

2.2 1300 MHz (RLA4) SRF km of linac at 15 MV/m (@5 x 10) and 2 K. These are
In RLA4, the muonenergy increasefom 250 GeV to  modeled onthe LANL PILAC SRF testmodule which
2000 GeV. As a baselimbesign 25 W/m (Q,=5 x 10) obtained 15 MV/min a pulsed mode.
and 16turns are chosen thatneed about 112 GV of The 350 MHz RLA2 requires 6 GV @RF cavities,
cavities at 2 K, or 4.5 km active linacEncouraged by or 600 m at 10 MV/m. Oumodel for the 350 MHz RF
the pulsedtest results of the TESLA cavities, it issystem is the CERN cavity, which obtains 6 MV/m in
possible to use a higher,& If 35 MV/m becomes Cw mode at4 K [4]. An experiment was proposed for a
realistic, the linac could be reduced to 3.2 km. The HOMERN 350 MHz SRF cavity (Figure 3) to beerated in
load requirementsfor the 1300 MHz SRF can be pulsed mode to determiries gradientlimit (which will
estimated using the formula: develop guidelines for the RLA2 SRF design).

PHOM = kHOM szrf Preliminary tests of the pulsed behavior 0820 MHz

With ko = 4 V/pC/m for u-TESLA cavities, Q is superconductind EP cavity were conducted aCERN.
the charge per bunch (3 x10) and f is the frequency of The maximum peak RF power reached was 507 kW for a

bunch passages through the cavity<@%l6 =960). For 1 MS pulse. At thaincident power anaximum field of
16 passes, 4 bunches, 15 Hz cycles, we obt&B0 7.9 MV/m could be reached without field degradation [5].

W/m. This compareswith the TESLA 1995 design

] _mechanical support

HOM load of ~4.6W/m. Therefore a substantially o | g
different HOM coupling system should be developed, with | IL .
~99% of theenergy couplecbut at highertemperatures. r | Y Y\ -
One alternativewill be to enlargethe aperture of the JE ——= == ﬁ:
cavity from existing 70 mm to 102 mm. That whielp L -

the HOM mode damping (reduce thgk by 50%). This
change, of course, will cost the ratio Qf/E,. (17%) and

Liquid He SC cavity

Figure 3. Cross-section of a CERN 350 MHz SRF cavity
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2.4 Input Couplers Design Concepts

RF input couplersand HOM couplersare very important
components in thacceleratiorsystems. Our strategy is
to apply theexperience obtained in development at th
leadinglabs to theconcept desigshown in Fig. 4. The
design featureare (1) co-axial structurevith two warm

windows to isolate the cavity vacuum, (2) use of DC bias

of the center conductoand proper dimensions of the co-
axial structure to suppress multipactirand (3) baking
the assembly with ceramic windows.

3 RF CONTROLS & RF SYSTEMS

Important constraints on the RF systdarive from the
large charge per bunch. The voltadyeopfrom abunch
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Figure 4. RF system Design.

passage could be as large as ~10%, and that droop must be

recovered before the next bunch passage. However uneven

spacing of multiple bunches should &@ided,since the
following bunch would not receive the sameenergy.
Other problems may occur from uneven beam loading d
to simultaneouscceleration otounterrotatingu® andp
bunches, but thieffect should average tozero. Other
effectsthat must beconsidered areffects of momentum
fluctuations on arrival time ireachpass, bunclcharge
fluctuations from pulse to pulsédijfferential fluctuations
for p* andp” bunches, microphonic effectand control of
multiple cavities by single klystrons.

3.1 RF System Design

The RF system (Figure 4) for thlereemultiturn RLAS
must provide RF power for acceleration of the andp+
bunch and maintain constant energy at the outp@adi
RLA from pulse to pulse. During the multiturn
acceleration, a cavity voltage droop is acceptableviusgt
well defined and controlled. Due to the large stazadrgy
in the cavities it is possible taeduce the power
requirements inall RLAs to 200 kW/m. A digital
feedback system will sample the caviigld every bunch
revolution period and provide (time-varying) gradient and

voltage droop during consecutive intra-pulse
acceleration cycles dahe p- andp® bunch is permissible
but must bereproduciblefrom pulse to pulse. In the
chirculating linacs RLA2and RLA3 a considerable
voltage droop of 8.6% and 11.9 % respectively is tolerated
to reducethe power requiredfor acceleration. S energy in
the cavities is used for acceleration. In RLA4 #verage
current is sufficiently low(due tothe large circumference

of the accelerator)that a constantgradient can be
maintained with moderate power. Table 2 presents some
of the RF parameters.

Table 2. RF System and RF Power

RLA2 RLA3 RLA4
RF pulse lengthts 35 84.2 672
Loaded Q to min. P 1x%0 1x10 1x10

0.018 0.027 0.033
A Eacc/ Eacc
Average |, mA 100 45.6 7.6
Available RF Power, kW/m 200 200 200
Voltage drop 0.086 0.12 0.00
RF on - cryogenic loss, W/m 119 71 78
Ave. wall power for RF, kW/m 5.2 2.6 5.25
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Differential bunchchargefluctuations are not controlled
excessive power requirements. worst case scenario of
+10% bunchcharge fluctuation will result in only
+0.27% energy gain fluctuation in RLA2.

3.2 RF Power Requirements

The RF powemrequirement is dominated bthe power
needed for the acceleration thie beam Additional power
is requiredfor RF control. The contropower needed

depends onthe magnitude of perturbations to be[4]

controlled.
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