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mono-chromatization for direct Higgs production
ete—>H at FCC-ee

concept: introduce antisymmetric rel. collision energy spread
for standard conditions
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in LEP(-1) bunch train operation created unwanted
antisymmetric vertical dispersion (G. Wilkinson, Rome),
£,~400 pm, By*=50 mm, 65=0.07%, Dy*"'z mm:—> A~1.05




effect of beamstrahlung (BS) on transverse emittance

BS : synchrotron radiation emitted during collision
- blow up of energy spread and bunch length

- in particular: D; #0->Ae>0

two coupled nonlinear equations determine equilibrium
emittance and energy spread:
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baseline monochromatization

width of SM Higgs 4-5 MeV - requires monochromatization factor A
> 10; optimizing IP & beam parameters; 2D scansin D,* - 3, * space:
baseline N,=3.3x10%, n,=25760, ,*=2 mm

M.A. Valdivia Garcia
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failed “pushed” monochromatization

pushed monochromatization: N,=8.5x10%°, n,=10000, B,*=1 mm

M.A. Valdivia Garcia
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parameter table — part 1

E. [GeV] 45.6 62.5 62.5 62.5 80

scheme CW h.-o. m.c. m.c. CW
basel. push’d
Iy [mA] 1450 410 410 410 192

N, [1019] 0.7 3.3 3.3 8.5 6.0
Ny 91500 8O960 |25760 10000| 5260
B [m] 1 1.0 . .25 1
3, [mm] 2 2 2
D} [m] 0 0 0

€z,SR [nm] 0.09 0.17 (314 0.17 0.26
€2 tot [111] 0.09 0.17 021 416  0.26

€y,5R [pm] 1 1 1 1 1
M.A. Valdivia Garcia, Y z,SR [,[LH]] 9.5 02 132 66 16
A. Faus-Golfe, Tz tot [pm] 9.5 9.2 144 323 16

F. Zimmermann,

IPAC’16 O'y [nm] 45 45 45 D2 45



parameter table — part 2

b, [GeV] 45.6 62.5 62.5 62.5 80
scheme CW h.-o. 116 i€ CW
basel. push’d

T,,sr [Mm] 1.6 1.8 1.8 1.8 2.0
T2 tot [MM] 3.8 1.8 1.8 1.8 3
os5sR [Vo] 0.04 0.06 0.06 0.06  0.07
50t [V0] 009 006 006 006 0.10
L [16°? 9.0 2.2 1.9
cm— s~ 1]

&, [mrad] 30 0 30
Ex 0.05 Q.12 0.07
&y 0.13 0.15 0.16
c.m. spread 58 33 113
0w [MeV]

A 38 88 113




plan

» we will scan notonly 8" and D,
but also B,* and N, (and V(?)

* which constraints should be put

on L and A? (i.e. which trade off
between the two?)
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fluctuations in luminosity and beam size due to fluctuation of <xz> correlation
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strong-strong beam-beam simulations
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K. Ohmi will visit CERN from 23 August 1 to September
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errors and vertical emittance tuning

FCC

FCC week in Rome eo ®®
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FCC-ee self polarization allows precise E calibration

Wigglers OFF - Q,=0.1

o 45 GeV
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polarimetry: from ELSA to FCC-ee

Precise Compton Polarimetry:

« Compton backscattering of ~515 nm photons

 circularly polarized photons < transverse polarized e-beam
« measurement of shift of photon intensity distribution

« counting silicon microstrip detector with p =50 um

Achievable precision: (bunch by bunch, turn by turn)

 ELSA (3.5 GeV, distance 15 m): AP = 1%
* FCC-ee (< 90 GeV, distance 500 m): AP <0.1%
* FCC-ee (175 GeV, distance 500 m): AP = 0.2%

using conventional high power laser

W. Hillert



combined function dipole in the arcs? =5

K. Oide e, = 1.25 nm Q 175 GeV
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_ ) ) _ ) ] flat dipole ]
A negative field gradient in the main dipole of the unit cell provides:

e longer cell length for a given emittance / better packing factor

e larger momentum compaction (longer bunches @ same RF voltage)
e larger energy spread

e larger dispersion

Suggested by E. Levichev
e weaker sextupoles &8 Y



ex. combined function, J,=0.6 @175 GeV ((G=,

K. Oide J;

# of FODO cells 1442
Length of dipole (m) 339 23.1
H dispersion at SF (cm) 29.6 16.3
1 turn energy loss (GV) 7.09 7.74
momentum spread (%) 0.24 0.14
momentum compaction (107°) 12.8 7.2
bunch length (mm) 5.0 2.4
RF voltage (GV) 9.6 9.4
synchrotron tune -0.10 -0.068
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dyn. aperture of combined function lattice [((G==D)

K. Oide 175 GeV, B*xy = (0.5 m, 1 mm)

Combined function dipole Flat dipole
_FCCee_t_72_2.sad: £, = 1.24 nm, £,/¢, = 0.2%, O, = 0.243%, 0, = 5.0 mm, , FCCee_t_76.:sad: ¢, = 1.26 nm, sbyicx =0.2%, G, = 0.141%, 0, = 2.4 mm,
By ={5m, 1 mm}, vy, ;= {291.0800; 291.1400, -0.1000}, Crab Waist = 100% Byy=1{5m, Tmm}, v, , , = {387.0800, 387.1400, -0.0658}, Crab Waist = 100%

50yturns, Damping: each element, Touschek Lifetime: 1479.5sec @ N = 1x101° 58 turns, Damping: each element, Touschek Lifetime: 599.2 sec @ N = 1x1010
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e looking for beam-beam simulation and hardware
solution of the dipole...
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official KET WS conclusions



Conclusions of the

KET Workshop on Future ete- Colliders?
Max-Planck-Institut fur Physik Munich, May 2-3, 2016

1. The physics case for a future e*e- collider, covering energies from M, up to
the TeV regime, is regarded to be very strong, justifying (and in fact
requiring) the timely construction and operation of such a machine.i

2. The ILC meets all the requirements discussed at this workshop.§ It is
currently the only project in a mature tecnnical state. lnerefore this

project, as proposed by the international community and discussed to be
hosted in Japan, should be realised with urgency. As the result of this
workshop, this project receives our strongest support.ii

3. FCC-ee, as a possible first stage of FCC-hh, and CEPC could well cover the

low-energy part of the e*te physics case, and would thus be
complementary to the ILC.iv

4. CLIC has the potential to reach significantly higher energies than the ILC.
CLIC R&D should be continued until a decision on future CERN projects,
based on further LHC results and in the context of the 2019/2020
European Strategy, will be made.



ii The basic requirements and features of e*e" circular and linear collider projects
have been extensively discussed at this workshop, and are summarized, in a
Slmpllsth scheme, in the following table:

mmmm

Higgs Mass, couplings

+

Higgs self-coupling _ _ + =
Top physics _ + 1 i
ew- precision parameters + ¥ T _
BSM (direct searches) - + i
Flexibility to new high mass - - +
signal

Maturity of project - + -

Start by/before 2035 4 + -



il Technological maturity is reached in general, proven by successful industrial
mass production and implementation in the European XFEL, which can be
considered as a large scale technological prototype of the ILC The design

provides the[possibility of beam polarisation, which is an essential ingredientjfor
precision physics results. project 1S under political consideration in Japan.
There ex1stand respective R&D.

iv Circular colliders are gspeciall 0 ficient measurements with
highest statistics at the ide of the targeted energy
spectrum. This “Tera-Z” operation allows to reduce the uncertainties of
electroweak parameters substantially, which are an important ingredient for
theoretical predictions at high energies. The efficiency of the linear collider
projects at Mz and below is limited and requires substantial effort. This opens the
possibility of efficient task- and cost-sharing between circular and linear

colliders, if regional considerations and possibilities lead to the realization of
more than one project.




