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Abstract

In the pion decaychannel of a neutino factory the pariclesaretransportedin a solenoidd
magnetc field, a 1.8 T condantfield in the CERNreferencescenaio. Increasirg the field
strergth decreaesthe trans\erseemittarce of the decaymuons.To definea lower limit on
the achievable ;» emittane, the referencescenaio is comparel with a study casewhere
pionsdecy in afield of 20 T. This simulation shows thatin ary realisic scenaio the
emittarce will only beredwedby lessthan21% in eachtrans\erseplane ascompaedto
thereferencescenario,andat the experseof anincreasen longitudinal emittance.
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1 Introduction and the Reference Scenario

In the CERN referencescenaridfor a neutrinofactory[3, 4] intensebeamsof electron
andmuonneutrinosare producedoy high enegy muors decayingin the long straightsections
of a muondecayring. Thosemuonsin turn are decayproductsof pionswhich are produced
by a4 MW beamof protonson a liquid mercurytarget. For pion capture thetargetis inserted
eitherin amagnetichornora20T solenoid Thisis followedby thelong (30 m) decaychannel.

Thepionproductionin thetarget,which senesasinputdistributionfor thisdecaychannel
study wassimulatedwith the computercodeMARS [1] for 10° protonsat 2.2 GeV hitting the
targetinstantaneoug. Thetargetis 26 cmlong, hasaradiusof 0.75cm andis tilted by 50 mrad
with respecto the magneticaxisof a20 T solenoid.The boreradiusof the solenoidis 7.5cm
andhencepionswith atrans\ersemomentumpy, of lessthanabout250 MeV/c arecaptured.
In the simuation, 44.5 x 103 7+ and1.2 x 10® x* areproducedn the forward direction. Of
thosel5.5 x 10° 7 and0.1 x 10® x* fall into thelongitudinalmomentunrangeof 180MeV/c
< p, < 450MeV/c. The20T field is taperedo 1.8 T over a distanceof 2.02meteraccording
to B,(z) = lfao-z atr = 0, wherea = 5 m~L. Thefollowing 31 m decaychannehasa radius
of 30 cm anda constantfield of 1.8 T. The computercodelCOOL [2] wasusedto track the
pionsandmuonsfrom the end of the targetto the endof the decaychannel Muon decaywas
switchedoff in thesesimulatons.

2 Emittance Increase during the Decay Section and the Study Case

When pions decayto muonsthe transerseand longitudinal emitanceincreasesThe
amountof trans\erseemittancancreasalependn the focusingof the channel.The effect of
the additioral divergencedueto decayon the trans\erseemittanceis smallerfor biggerinitial
divergenceof the pionsandthereforehigher B,. The aim of this simulation is to definethe
achiezable minimumtrans\ersemuonemittance Therearea numberof otherinfluencesonthe
emittance.During a drift (or propagatio in a constantongitudinal B-field) the longitudinal
rmsemittanceincreaseslueto weakrelatvistic effects. Thelongitudinal emittanceof a highly
divergentrelativistic beamincreasegluring drift (or propagationecausef the dependence
of -, therelatvistic gammafactor on the trans\ersevelocity, v;. The taperedsolenoidtrans-
forms transyersemomentim into longitudinal momentum ideally without increasingthe 6D
emitiance.

To quantify the correlationbetweenthe muon emittanceand the B-field in the decay
channelan extremescenarias choserfor comparisorwith thereferencescenarioThe pions
decayin along 20 T solenoidfield, andtaperingof the field from 20to 1.8 T takesplace30
m after the target, ratherthanin the first 2 m. All realistic decaychanneldesignswill have
a lower magneticfield, hencethis channeldefinesa lower limit for the achievabletrans\erse
muonemittance.

3 Results and Discussion

Thetrans\erseandlongitudinal phasespaceof muonsat the endof the decaychannelis
shovnin figurel. Ontheleft isthereferencescenaricandthe20 T decaychanneis ontheright.
Trans\ersally anacceptancef 2.277 cmrad(unnormalized)s indicated It correspond$o 6 7
cmradnormalizedvhichis 4 timestheacceptancef therecirculatingacceleratodowvngream.
(The CERNreferencescenaridoreseesreductionof e by afactorof 4 in bothplanes]5, 6].)
Longitudinally, muonswith a p, in the rangeof 175to 390 MeV/c are shavn. Indicatedis a
cutonatime interval of 11.4ns,half anRF periodof 44 MHz (correspondingo the RF of the
phaseotationandfirst muoncoolingsection[5, 6]).
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Figurel: Transwerseandlongitudinal phasespaceof muonsafterpiondecayin afield of 1.8T
(left) and20T (right).

Tablel sumnarizesthenormalizedmsemittance®f pionswith 180MeV/c < p, < 450
MeV/c, 10 cm afterthe target and of the decaymuonsfrom thesepions 33 m after the target.
Thetrans\ersermsemittancancreaselueto decayis 40.5% in the 1.8 T caseand11.1% in the
20 T casein both planes.The longitudinal rms emittanceis 4.8 timesbiggerin the 20 T case
thanin thereferencescenario.

The numberof muons33 m after the target within the trans\erseacceptancef 6 = cm
rad,in therangeof 175MeV/c < p, < 390MeV/c andatimeinterval of 11.4nsis 4.7 x 103
for adecaychannelt1.8T and3.9 x 10? for adecaychannekt20T.

€ [t cmrad] €z €y €L | €€y €L
m (L0cmaftertarget) | 1.74| 1.69| 1.3 3.8
i (decayedat1.8T) | 2.38| 2.44| 49.4 287
i (decayecat20T) | 1.91| 1.90| 237 860

Tablel: Summaryof normalzedrmsemittancesPionsareat 10 cm afterthetamgetandmuons
atthe endof the decaychannel(33 m afterthe tamget). Both channeldhave the sametransmis-
sion.

The differencein longitudinal phasespacein the two scenariosnainly originatesfrom
thetravel time difference At, over the samedistancebetweenwo pionswith thesamep, and
apr of zeroandmaxinum trans\ersemomentim, py.mq,., respectrely:

At — t|PT:0 . 1 + pT,maw -1 (1)

Wheret|,,—o andE|,, -, aretheflight time andenegy of apionwith pr = 0, andpz s
is afunctionof the B-field. In theapproximaibn of adiabatidB-field changestheinvarianceof
the actionintegral leadsto B/p7. = const.The geometryat the target givespr .| MeV/c| =

2
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Figure2: Relatve travel time differenceover a distanceof 30 m betweerpionsof thesamep,
asafunctionof B.

55.9 - \/B,[T]. Figure2 shavs At/t|,,—¢ asafunctionof B, for pionswith ap, of 200MeV/c
in thisapproximaton. Thefunctionis nearlylinearin therangeof 0T < B, < 20T andreaches
43% at20T.

4 Conclusions

Rmsemittancesandthe numberof muonsin a givenacceptancé@ongitudinal acceptance
of the first cooling sectionand 4 times the trans\erseacceptancef the recirculatinglinac)
have beencomparedor thereferencecoolingchannebndanextremescenarioHigherB-fields
decreas¢hetrans\erseandincreasehelongitudinalemittanceln ary realisticscenariqwith a
B-field lessthan20T) thetrans\erseemittancewill bedecreaseby lessthan21% in eachplane
ascomparedo thereferencescenarioThefinal choiceof B, will dependon the performance
andacceptancef the following elementgor coolingandacceleréion. The numberof muons
in a given acceptances higherfor thelower valueof B,, but furthersimulatonsarenecessary
to determinethe position of the maximum.
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