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Description  The angong desocussons on the huture CERN scentifc progeam reflect e vimon of 13 msson 10 be the panicie plrysics enegy-
Yomer cente, They are looussed manty on CERNs very high energy colbder projects FCC and CLIC. What, if the present and
e ture LHC hints %or new plrysics o the FOCICLIC energy scades will 2um ot to be not strong enough 1o as=ure the hindng
of he new, high-cost, energy Yonter coldder, o £ 1s RED and construcaon tme wil be longer than the Me-ame of the angong
LHC resaarch program? Should we not conmder, aleady now, complementayry ressach proposais beoadening the use of the
akeady enstng CERN acoeleryor nkasructee to new research and techrobopcy apphication domains?

N N Semnag an example of Such & research proposad Wil be decussed. 1S deparun por B & new concagt of the Hgh
ninsiy Canmma Sowrce which could Ba realized it CERN by mastenng e sicrage of patially strigped on beans and by
oofing Mo th recent prograss in lsar Ndinsleges. The increasa of B intarcety bet of the presen! gamma sournces by a
least 6.7 cedhars of magnitade, N B0 anergy domain wiech i inaccessbia for P FEL biced chnoges, coud provide new
and licnaning ressandh cpponunies in the domans of.

® partichs plrysios (sudes of the baskc symmetnies of the universe, dark mater serches, PrecsoN-Suppon measurements for
e LRC),

® ruchear physcs (confinemen phenomena, ik betwesn the guark-ghuon and nuckeonic degrees of beedom, phote- fsion
resach program).

® acosieranor phrysics (Beam coolng echoigues, low high intensry photon beams, plasma
wakedeld accslerion, hgh mensty polanzed postron and muon sources, secondary beams of rad cactve lons and
neutrons),

& MOMIC physics [electronkc and musnic Moms)

® appliend plrysics (ARS, ansmutation of nuchkear waste, fuson ressarch, medical applicatons),

The priacipal goal of the seminar fo the EN, TE and BE ausence is 10 expose the technical chalinges of ths ntiave, both on
e parh weards a proof of pancipk of tha propesad Schame and on the path towarnds its gracticad real2ason.



Laser Compton Scattering as the source of
MeV-range photons
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The goal of the HIGS@CERN proposal
(HIGS= High Intensity Gamma Source)

Increase the intensity of the present gamma ray

sources by at least 6-7 orders of magnitude

E, in the range ~ 0.1- 400 MeV



The source of the proposal:
an “unconventional” use of the LHC and its detectors for
the ep(eA) collision programme
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Abstract

A method of delivering a small energy spread electron beam to the LHC interaction points is proposed. In this



Partially stripped ions as electron carriers

Pb81+(1s)

E .y~ 200 GeV

..or

EC'M~ 8.8 TeV

- average distance of the electron

to the large Z nucleus d ~ 600 fm
(sizably higher than the range of strong
interactions)

partially stripped ion beams can be
considered as independent electron and
nuclear beams as long as

the incoming proton scatters with

the momentum transfer q >> 300 KeV

*both beams have identical bunch structure
(timing and bunch densities), the same g *,
the same beam emittance — the choice

of collision type can be done exclusively

by the trigger system (no read-out and

event reconstruction adjustments necessary)
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LHC as a frequency converter of O(1-10 eV) photons into
O(1 - 400 MeV) y-rays

Pomnt

y- beam

N B gt <

Partially laser y-rays
stripped photons
ions

LHC filled in with
partially stripped
lon beams

*Energy of the laser photons tuned to a resonant
frequency of an atomic transition e.g. 1s + 2p

*Decay length in the LAB frame c © ~ vy, /Z*
below 0.1 mm for Pb8*(2p) — Pb8(1s) +y

Laser



Scattering of photons on ultra-relativistic

atoms
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Fine tuning of gamma ray energy: E

scenario 2, A, = 1540 nm

Electrons: Partially stripped ions:

O, = 6.6 X 107> cm? Ores = 5.9 X 10710 cm?

...cross sections in the Giga-barn ranqge!




Example: scenario 1, y, = 2887

Electrons: Partially stripped ions:
E beam =1.5 GeV E _beam =574 000 GeV
Electron fractional energy loss: Electron fractional energy loss:
emission of 150 MeV photon: emission of 150 MeV photon:
E,/Epeam = 0.1 E/Epeam = 2.6 x 107
(electron is lost!) (ion undisturbed!)

...Stable ion beams, even in the reqgime of multi photon emission per turn!
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HIGS as a source of high intensity
secondary beams

« High Intensity highly polarised electron and positron beams (~10'7 1/s)

Polarized muon and neutrino beams (~10'? 1/s and 4x107° 1/year)*

» High intensity monochromatic neutron beams (GDR in heavy
nuclei as s a source of neutron beam: y+A 2A-1+n) (~107° 1/s)

High intensity radioactive beams (~10% 1/s)
(photo-fission of heavy nuclei:(y+ A A, + A, + neutrons )

e

*) for the quoted flux of the muons/neutrinos the LHC circumferential voltage would need
to be increased from the present value of RF=16 MV and/or the number of stored ions (bunch

population and bunch frequency)would have to be increased by e.g the factors of 2, 2 and 3) 10
The power of the gamma-beam for the quoted fluxes would be ~4 MW.



Possible application of HIGS for the u*- u- collider

(detailded studies by the muon collider experts would be most welcomed...)

C of m Energy 15 3 6 | Te\/ - Target
Luminosity 0.92 34 0.9 lU'“ cm')sec‘l 4 [ For acceleration to |.I=.| .
Beam-beam Tune Shift ~0.087 |=0.087 | ~0.087 2 | multi-TeV collider § .
Muons/bunch 2(1.447 2 2 10'2 T 102 For acceleration to NUMAX ra ;rc])taastir

otal muon Fower . E g 'E_ (injector acceptance 3mm,24mm)

[0}

Ring <bending field> 6 8.4 8.4 T = 4 F Final it Front End
Ring circumference 2.6 45 9 km & 2} Cooling “f;ﬁ?;fsmm)
B atlP =o. 10 5 | 25 mm 51004 Cooling
rms momentum spread | 0.1(0.37) | 0.1 0.1 % g ' g S ggsgmel_rge 6|o|5eE:meIr'ge
Required depth for v rad ~20 ~ 200 | ~ 200 m = 4 [ AR (to Opg;:gg)
Proton Energy 8 8 8 GeV 5 2k For acceleration pre-merge
Muon per proton 0.16 0.16 0.16 10 to Higgs Factory or?Ei)ngloggg? ]
Muon Survlval 7 6 5 % . g L ool L Lol gle (l lglllll gl)
protons/pulse 187 (134 7) | 200 240 Tp 10.0 102 103 10%
Repetition Rate 15 (21 7) 12 1.5 Hz Transverse Emittance (micronslf
HIGS muon flux (factor 10 lower than muon-beam emittance (factor ~104
required)up to 10'2 polarized u+u- pairs [1/s] improvement® possible, counterbalance
for 4AMW RF power of the LHC cavities (For lower intensity?)

comparison: TLEP RF power ~300MW)

*) the theta/energy correlation of the muons produced by the photon conversions on high Z target
would have to be exploited in the beam forming section

11



Possible application of HIGS for the muon-based neutrino
factory (detailted studies by the neutrino experts would be most welcomed...)

Neutrino Factory parameters

Parameters Unit NuSTORM NU.MAX. NuMAX NuMAX+
Commissioning
U VQ or v“ to 17 19 20 20
\E é detectors/year 3x10 4.9x10 1.8x10 5.0x10
‘MR-l Stored p+ or p-/year . 8x10"7 | 1.25x10%° | 4.65x10%®° | 1.3x10"

Achievable neutrino flux (a factor 10 lower that of NuUMAX,
a factor 50 higher than that of nuSTORM)

...but, if the initial muon polarization is preserved in the acceleration
process = ultra pure v, (VM) beams of precisely equal fluxes (e.g. CP —
violation measurements in the neutrino sector)
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Problems which need to be solved:

- Fore.g. E, ~ 300 MeV, muons constitute only a small (~10-) fraction of
all the photon conversion pairs.
How to filter them out?

* Muons produced mainly at significantly larger angles than electrons and
may be emitted at large angles (y, >>v,).
How to collect them to preserve the small longitudinal and transverse
bunch sizes of the parent photon bunches?
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Hint1

The conversions, especially on
high Z material lead to a simple
relation between the outgoing
muon energy and angle:

H.Burkhardt et al.
CLIC Note 511

Tl ! Lol

1071 1

+ 1+

Hint2

Electrons are relativistic,
muons are not:

Bo=1, <B,>~0.5

20 ns following the collision
of the photon bunch with the
conversion target, electron
and muon bunches are
separated by (on average)
200 cm allowing for their
efficient separation
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muon collider

initial ideas... neutrino factory

Plasma Waves

Idea- Tajima & Dawson, Phys. Rev. Lett. (1979) Plasmg wave: eler?tron Laser/beam pulse ~7./c
(b density perturbation —_—

Electrons and positrons | b

0 - waf
~3 m bunch separation
over the time span of

~20ns muon

acceleration

electron
acceleration

° ° ° °
Momentum equalisation zone

Electron and muon

—— o
bunches
Focusing separation zone
zone

electron-ion collider
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