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LEMMA proposal

Alternative concept (first presented at Snowmass 2013): muons produced in e*e
interactions close to threshold are constrained to occupy a small region in phase-
space — muon beam with a small emittance, comparable to that typically achieved
with electron beams, and long laboratory-lifetime due to the boost of the muons in
the laboratory frame

Most important properties of the muons produced by positrons on target are:
* low and tunable muon momentum in the center of mass frame
 large boost of y~200

Advantages: final state muons highly collimated and with very small emittance -
cooling not required

Muons are produced with average energy of 22 GeV corresponding to an average
laboratory lifetime of ~500 us, which also eases the acceleration scheme

Possibility of obtaining high luminosity with relatively small muon fluxes thus reducing
background rates and activation problems due to high energy muon decays

While this scheme is appealing for >TeV collisions, its luminosity and energy spread
are not suitable for a Higgs Factory



LEMMA ingredients
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e+e-pairs production
AMD: Adiabatic Matching Device

(not to scale)

Goal: = 10! u/s produced at target
with target efficiency =~ 107 (Be, 3mm)

Request: 10'® e*/s needed at target >
45 GeV e+ storage ring with target insertion
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e* high intensity source

e* acceleration to 45 GeV

e’ storage ring @ 45 GeV

L. production target @ 22 GeV
1L Accumulator Rings

RCS or FFAG for fast 1
acceleration to MC rings

RCS, FFAG, Plasma
acceleration

To MC

* /W produced by e* beam on target T @ ~ 22 GeV
= Tjp(1) = 500ps  (y(p) = 200)

* Accumulator Rings (AR) isochronous with high
momentum acceptance, they recombine u bunches
for~ 11 2° ~ 2500 turns



LEMMA vs Proton Driver

o-Collider Goals:
126 GeV =
~14,000 Higgs/yr
Multi-TeV =
Lumi > 10%4cm=2s1
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LEMMA pros & cons

* Pros:
* Small emittance muon beam - no cooling needed
* 0, is tunable with Vs ine‘e” - p'u
* u beam divergence can be very small close to the u*u threshold
* Lower charge = lower backgrounds in MC

* Less boundary radiation limitations (neutrinos) from muons
decay

* Possibility of higher c.o.m. energies (>TeV)

* Cons:
* Energy spread too large for a Higgs Factory

e Lower muon production rate
* much smaller cross section wrt proton-driven-source
e olete»utuw)=1ub atmost wrt o(from p)= mb

* Technical challenges



Cross-section, u* beam divergence and energy spread vs et beam E
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Optical functions in one of 32 ring cells

Positron ring lattice

TAEBLE 1. Positron ring parameters.

Parameter Units %
Energy GeV 45 o
Circumference (32 ARCs, no IR) m 6300.960
(Geometrical emittance x, v m 5.73 x 107°
Bunch length mm 3
Beam current mA 240 "0 20 40 0 8 100 120 140 160 180
RF frequency MHz 500 cim
RF voltage GV 115 ”
gﬂmbiﬂmfﬂgmhifﬁ ﬁ 133“3 Target Insertion Region
ui I o unc 50 T T T T 0.2
N. particles/bunch & 315 %10 v= 90700  3p/p=0.000 =
Synchrotron tune 0.068 a0 B I —34, {40.15
Transverse damping time turns 175 M "
Longitudinal damping time turns 87.5 :30 ] & A o
Energy loss /turn GeV 0.511 20k 10.05
Momentum compaction 1.1 =104
RF acceptance % 4+ 7.2 10 A
Energy spread dE/E 1 x1073 NZ N | : 8 : ol ) 5
SR power MW 120 0 10 20 30 40 50
s [m]
L - A ¢ Y J
2 cells out of 34 have been modified for Tenget et Standard cell
target insertion At target: zero dispersion 1, = 0

and low beta B, ,=0.5m

dispersion [m]



Multi-turn tracking with target insertion

1. Initial 6D distribution from the equilibrium emittances

2. 6D e* distribution tracking up to the target (AT and MAD-X PTC), including
synchrotron oscillations and damping

3. tracking through the target (with Geant4beamline and FLUKA and GEANT4)

4. back to tracking code

At each pass through the muon target the e+ beam

* gets an angular kick due to the multiple Coulomb scattering, so at each pass
changes e* beam divergence resulting in a transverse emittance increase

* undergoes bremsstrahlung energy loss producing a loss of the particles with
energy loss larger than the ring acceptance and transverse and longitudinal
emittance increase



Multi-turn tracking with 3 mm Be target
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e* ring beam lifetime studies
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Lifetime is determined by the number of particles with bremsstrahlung energy loss
larger than momentum acceptance

Beam lifetimes are in agreement with calculations for 6% ring energy acceptance
For 3 mm Be target the percentage of particles with > 6% energy loss per turn is
2.5% corresponding to 39 turns beam lifetime
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et ring lattice with 26.7 km circumference

Two designs for 6.3 Km and 26.7 Km, with
same Hybrid Multi Bend Achromat cell,
derived from ESRF Upgrade design (to be
installed next year @ Grenoble)

27 km lattice has much smaller emittance
and about the same energy acceptance

27 km lattice gives potentially equivalent
i beams with the same e+ current and the
same e+ production rate

Synchrotron radiation losses much more
sustainable in longer ring

C

N cells
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32 64
100 428
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12



Muon emittance contributions
g(u) = ¢(e*) D &(prod) D £(AR)

e* and p optics parameters at target

g(e*) =e* emittance O & B oo O, Ty &
g(prod)= muon production contribution mrad nm m pm mrad mrad nm
g(AR) = MCS contribution in accumulator ring 1 10 001 10 1 141 141
1 10 100 100 010 1.0 100
0.5 10 0.01 10 1 .12 11.2

0.5 10 100 100 01 051 514

0, = rms muon production angle
For 3mm Be target at 45 GeV itis 6,=0.47 mrad and the muon production beam
size is ¢, = 0.79 um (negligible with respect to e* beam size)

Muon emittance is estimated by quadratic combination of positron and muon beam
sizes and angles

and it is essentially given by the positron beam spot and the muon production angle

The S *,, value is chosen to get a given e* beam spot at the target

13



Multiple Coulomb Scattering in the Accumulator Ring

The circulating muons undergo multiple
Coulomb scattering in the target at each
accumulator revolution

The turn by turn effect on
the muon beam divergence is shown in
the picture for three e* beam energies

The contribution from the muon | 44 GeV —e—
production angle is also included 1 | | | o oey o |
4 500 1000 1500 2000 2500
The the final angular spread is ms
almost independent on the e* beam Muons beam angle due to multiple scattering
energy, this suggests to increase the ir;rthetAR as a function of turns for a 3 mm Be
ge

et beam energy to benefit of the larger
production cross section



Muon production target studies

e Core topic for LEMMA success

* Thermo-mechanical stress is the main issue due to the
very high Peak Energy Density Deposition

* Beam size as small as possible (matching various

emittance contributions), but...
e constraints for power removal (200 kW) and temperature rise

* to contrast the temperature rise
* move target (for free with liquid jet) and
e e* beam bump every 1 bunch muon accumulation

* Experimental tests at @CERN-North Area in 2017 and
2018
* Tests proposed for DADNE ring after 2020
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Conventional options for u target

Aim at bunch (3x10!! e*) transverse size on the 10 um scale:
rescaled from test at HiRadMat (5x10%3p on 100um) with
Be-based targets and C-based (HL-LHC) [F. Maciariello et al., IPAC2016]
No bunch pileup Fast rotating wheel (20000 rpm)
Power removal by radiation cooling (see for instance PSI muon
beam upgrade project HIMB) (a. knecht, NuFact17]]
Need detailed simulation of
mechanical stresses dynamics

e Start using FLUKA + Ansys Autodyn

(collaboration with CERN EN-STI)

Experimental tests:

* DAO®ONE available from 2020

1e-05

Alternative options like H pellet, crystals or more exotic targets are

under consideration .



Positron source requirements for LEMMA

* Positrons stored in the LEMMA ring lose energy for
bremsstrahlung at each passage in the target

* When the energy loss is larger than the ring acceptance
the positrons get lost

* For a given type of target (length and material) it has been
evaluated with a FLUKA simulation the percentage of
particles with an energy loss larger than the ring
acceptance

* The percentage of particles lost per turn gives the beam
lifetime and the requirements for the positron source



Positron loss per turn due to target interaction

DN/Ndost/turn@®

DN/N lost/turn % :

. 4.5
Ring@nergyll , . .

 Befmm — [AIEREG H2Hlquidd 4

acceptancelf 35
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2.5
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The percentage of particles DN/N with an energy loss larger than the ring
acceptance (calculated from a FLUKA simulation) are listed in the table for
different values of the ring acceptance and for 3 different targets

The target thickness has been chosen to have the same number of muons

produced per incident positron FLUKA simulation, F. Collamati



Positron drive beam power

BeBmm AIFLOMmm H2dIquidfB5mm
Ring@nergyll e @Beams P& " Rrivel e’ @eaml PR " Rrivel e’ feam PR " Rrivel
acceptancelll |ifetimel DN/sec beam®  lifetime® DN/sec beam®  lifetime® DN/sec beam@
% (turns) (MW) (turns) (MW) (turns) (MW)
5 35/ 2.69E+16 277 45 2.11E+16 217 78 1.21E+16 125
10 47 2.01E+16 207 62| 1.53E+16 157 107| 8.86E+15 91
20 71| 1.34E+16 39 99| 9.53E+15 98 163 5.80E+15 60

To evaluate the number of positrons per second required from the source we
assume to have 100 bunches with 3 10! e*/ bunch stored in the ring for one
beam lifetime

The drive beam power is given by the number of positrons accelerated per
second up to 45 GeV

One of the objectives of the studies on the positron ring is to increase the ring
energy acceptance in order to reduce the requirements on the positron source
Present ring: Dp/p = 6%, tau = 40 turns, e*/s = 2.4e16, P= 250 MW

Goal: tau> 100 turns, e+/s < 1e16, P < 100 MW



LEMMA Proposal: embedded e+ source

Positron source extending the target complex
Possibility to use the y’s from the u production
target to produce e+

About 0.6 new e* produced per e* on
thin target

Required collection efficiency feasible
e+ 45 GeV

&+ & pairs with standard design

Not yet found a system able to

transform the temporal structure of
| production target i :
Thin light tarset Dipole magnet  _, . heavy target the produce_d p05|tror.15 (5 MHz CW)

. to one that is compatible with the

(eventually crystal in . )
channeling) requirement of a standard positron

injection chain

F. Collamati presentation



LEMMA challenges

* Internal target for muon production capable of sustaining very high
Peak Energy Density Deposition

* Very intense positron beams

e e*storage ring with low emittance, very small momentum
compaction and very large energy acceptance

* Short Muons Accumulator Rings with very large energy acceptance
* Optics design for the positron storage ring

* Target definition (one of the crucial aspects for the success, R&D
studies and tests)

e Positron source design and injection scheme

* Development of the required techniques for achieving and
maintaining high muon rates and low emittance



LEMMA ring + target tests @ DADNE
after SIDDHARTA-2 run

* Beam dynamics study of the ring-plus-target scheme:
e transverse beam size / current / lifetime

* Measurements on target:
* temperature (heat load) / thermo—mechanical stress

GOAL of the experiment:

* Validation LEMMA studies, benchmarking
data/expectations

» Target Tests: various targets (materials and thicknesses)

Ref. M. Boscolo, M. Antonelli, O. Blanco, S. Guiducci, A. Stella, F. Collamati, S. Liuzzo, P. Raimondi, R. Li Voti

“Proposal of an experimental test at DAQONE for the low emittance muon beam production from positrons

on target”, in publication in IOP Conf. Series: Journal of Physics: Conf. Series (IPAC18) also LNF-18/02(IR).
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DADNE Layout for the LEMMA Test

The target will be placed at the SIDDHARTA IP because:
* |ow-3and D=0 is needed (similarly to IP requirements)
= to minimize modifications of the existing configuration
Possible different locations for the target can be studied

For the preparation of this experiment we need:

Full design of vacuum chamber IR and target insertion system
Target design

Diagnostics for target thermo-mechanical stress measurements
Beam diagnostics

Injection scheme (on axis)

Optics and beam dynamics

ok wWwNE

462 = \D\J:‘ﬁ

Given the limited energy acceptance of the ring we plan to insert light targets (Be, C) with thickness in the
range = 100 um. Crystal targets can be foreseen too.
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Conclusions

* MC studies have been carried out since many years,
recently new impulse given from LEMMA idea to avoid

cooling by producing u from low emittance e*

* Very challenging proposal

e Strong synergy with positron sources for future e*e
colliders

* Needs still lot of studies, R&D effort and ... new ideas



