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=22 Requirements from physics

1. Center-of-mass energy determination with precision of £ 100 keV around the Z peak
2. Center-of-mass energy determination with precision of + 300 keV at W pair threshold
3. For the Z peak-cross-section and width, require energy spread uncertainty Ac./c;=0.2%

NB: at 2.3 103¢/cm?/s/IP : full LEP statistics 10° uu 2.107 qq in 6 minutes in each expt

-- use resonant depolarization as main measuring method

-- use pilot bunches to calibrate during physics data taking: 100 calibrations per day each 10 rel
-- long lifetime at Z requires the use of wigglers at beginning of fills

=» take data at points where self polarization is expected

m

== % |~ N+ (05£0.1)  Egy= (N + (0.5+0.1)) x 0.8812972 GeV

0.4406486(1)

e

Given the Z and W widths of 2 GeV, this is easy to accommodate with little loss of statistics.
It might.be more difficult for the Higgs: V6= 125.09+-0.2 corresponds to v, = 141.94+-022




Q

—

>3
o
~—

‘ Measure integrated luminosity }—>

n
Arg

w
o

25— ; -
— No spread

Z — hadrons
No ISR

With spread

20

15

scan proposed for FCC-ee

10

| Scan point  |Centre-of-mass Energy|Beam Energy |Spin tune

TR VU VY ST ¥ SR Ty S A R EEM A 87.69 43 .85 09.5
Ppeam (GEV) Ec,; Request 87.9 43.95 99.7

iy

T T 88.57 4428|1005
— 1 [EY, 91.21 4561 1035
o] Bl A 93.86 46.93  106.5
ik vﬁ/ | ' Ef,; Request 94.3 47.15|  107.0

P e T AL "1 B, B 94.74 4737|1075

probably a 5 point scan allowing measurement
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FER Hardware requirements: wigglers

Given the long polarization time at Z, wigglers will be necessary.
An agreement was reached on a set of 8 wiggler units per beam

Polarization wigglers —Los
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First single pole magnetic concept, keeps some of the ideas of
the LEP design, in particular the “floating” poles

narrower (200 mm) central main coils
lateral| poles

side trim coils wider (300 mm)
central pole

mass = 4 tons
A. Milanese °©



<=2  Hardware requirements: polarimeters

2 Polarimeters, one for each beam

Backscattered Comptony+e —>y+e 532 nm (2.33 eV) laser; detection of photon and electron.
Change upon flip of laser circular polarization = beam Polarization +0.01 per second

End point of recoil electron > beam energy monitoring + 4 MeV per second
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Compton Polarimeter: Rates

Laser wavelength A = 532 nm.

Waist size 0y = 0.250 mm. Rayleigh length zp = 148 cm.
Far field divergence ¢ = 0.169 mrad
Interaction angle a = 1.000 mrad

Compton cross section correction 0.5

Pulse energy: £ = 1 [mJ]; 7,=5 [ns] (sigma)
Pulse power: P, = 80 [kW]

Ratio of angles 2, = 5.905249

Ratio of lengths R, = 0.984208
P./P.=1.1-107°

“efficiency” = 0.13

Scattering probability W ~ 7.10°

©  © 0 ¢ 06 0 0 0 © 0 © o o

With 10'° electrons and 3 kHz rep. rate: 1\1 ~ 2106

Nickolai Muchnoi IFCC-ee polarization workshop 23 Oct 2017
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This is not-so trivial in FCC-ee!
16700 bunches circulate
time-between-bunches = 19ns,
depolarize one-and-only-one

of them.

Kicker must have fast (<9ns) rise.

The LHC TF system works essentially on
a bunch by bunch basis for 25ns.

They would provide a transverse kick of
up to ~20 mrad at the Z peak with ~10
MHz bandwidth. This is 10x more than
what we may need-

=>» a priori OK !

9/12/2019 Alain Bloni

Depolarization

Energy calibration WG / J. Wenninger

10/19/2017

a Four kickers per beam, per plane, located in RF zone (UX451) at point 4
— Electrostatic kicker, length 1.5 m.
— Providing a kick of ~2 urad @ 450 GeV (all 4 units combined).
— Useful bandwidth ~1 kHz — 20 MHz.

N/ S
N\

icl ers and power amﬁﬁﬁers at point-4




@
N
i)

What else do we need?

Table 14. Summary of CM energy uncertainties for Z pole operation. Ay/s/\/s is the estimated
energy shift due to the various effects and §4/s/+/s the residual contribution to the systematic error
on the CM energy. Entries labelled with NE indicate that the impact cannot be estimated at the
current time.

Source A+/s//s|RDP|dy/s/+/s|Error control
(107%) (107%)
Dipole field drifts 100 Y Tunnel T, PC control
Circumference drifts 2000 Y Radial feedback
Hor. orbit distortions 100 Y Orbit feedback
Sextupoles, [F-tron oscil. 3 Y Orbit feedback, machine model
Energy dependence of ¥ 1 N < 0.3 |[Machine model
the |arge5t Vert. orbit distortions 0.3 N 0.3 |Orbit control, alignment
(or uncalculated) Longitudinal fields 1 N | < 0.3 |Magnetic model
SR losses 200 N 0.2 |Magnetic model, one RF station
err(?r.S are related to Collective effects 100 N 0.2 h-Tnfhirw model |
collision effects IP dispersion (vertical) 100 N 1 Beam overlap, [)* measurement
[P dispersion (horizontal)| 100 N NE |Beam overlap
3% chromaticity 1-5 N NE |Machine model, Beam-beam
Collective field 10 N Real?
9/12/2019 Crossing angle N Muon measurements




From beams to centre-of-mass: Dispersion
(opposite sign) at the IP
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This is proportional to the product of
the dispersion times the collision offset 2u,

Experience from LEP — Vernier scans
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Table 1: Machine parameters of the FOC-ge for different beam energies [3]

i [ wWw | FH ] ti
Circumference [km] 97756
Bending radius [km] 10.760
. Free length to IP I* [m] 22
beam size at IP Solenoid field at P [T] 20
. Full crossing angle at [P & [mrad] 0
Slgma X= 6_4 !J’m SR power/ beam [MW] 30
- Beam energy [GeV] 456 20 120 175 1825
I — Beam curment [mA] 1390 147 29 6.4 54
Slgma—y 28nm Bunches / beam 16640 2000 128 50 48
Average bunch spacing [ns] 190.6 163 04 1763 3306
Bunch population [107°] 1.7 1.5 1.8 27 23
Horzontal emattance =, [nm] 0.7 [FEE] a3 1.34 .46
Vertical emittance =y [pm] 1.0 1.7 1.3 27 z
Arc ocll phase sdvances [deg) A Qo0
Momentum compachon o [1077] 148 7.3
Honzontal 57 [m] 0.13 0.2 n3 1.0
Vertical 4y [mm] 0.3 1.0 1.0 1.6
Hormontal size at IP o7 [um] 6.4 13.0 137 38T 182
Vertical size at [P o} [nm] 28 41 36 6 68
Matwral Encrgy spread oy [%]/MeV [ 003817 | 0.066/53 | OO09V119 | 01447252 | 01500274
Energy spread in collision o, [%] 0132 0131 0163 0.786 0192
Bunch length in collision oz [mm)| 121 6.0 a3 262 LM
Prannski angle (SE/BS) & EFIES | 3570 1458 TN 0LE1D
Energy Toss 7 tum [GeV] 0036 [IKE ] 172 T8 Q2
RF frequency [MHz] 400 400/ 800
RF voltage [GV ] 0.1 075 20 40754 40/ 60
Longitudinal damping ome [turns] 1273 236 70.3 231 204
Energy acceptance (DA) [%] +1.3 +1.3 +1.7 —2.8, 424
Polarzation time ¢, [min] 15000 Q0 120 18.0 14.6
Luminosity TP 107 em™s] 230 28 B3 1.5 1.35
Vertical beam-beam parameter £y 0.133 0113 [INRE 0138 0126
Beam Iifetime [man] = 200 = 200 18 ek | 1E

9/12/2019 Alain Blondel Physics at the FLLS 12
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7.2 Dispersion at the [P

For beams colliding with an offset at the [P, the CM energy spread and shift are affected by the
local dispersion at the IP. For a total IP separation of the beams of 2ug the expressions for the
CM energy shift and spread are [72]

~ o8( Dy — Dys)
A= -yt (90)
Eolog + 0p)
M2 42 2
v 2 |, I_Jr}h-| T .II.]-ug_' } :'Ju
F--'E TE J-z P q:_l (913
mt Tha

Dy and Dz represent the dispersion at the IP for the two beams labelled by 1 and 2. o is the
beam energy spread assumed here to be equal for both beams and o, = o/ E is the relative
energy spread. 7g; is the total transverse size of beam (i) at the IP,

o = 00 + (Dwic)” (92)

with =, the betatronic component of the beam size.
If the beam sizes at the IP are dominated by the betatronic component which is rather
likely, the energy shift simplifies to

— oAD"

AE = —uy (93)

I:-::.lj'ﬁ

wheme AD* = [0,y — [); is the difference in dispersion at the [P between the two beams. This
effect applies to both planes (u = x,y). In general due to the very flat beam shapes the most
critical effect arises in the vertical plane.

For FCC-ee at the Z we have in vertical direction:

Parasitic dispersion of e+ and e- beams at IP 10um
the difference is AD;, = 14um.

Sigma_y is 28nm

Sigma_E is 0.132%*45000MeV=60MeV
Delta_ECM is therefore 1.4MeV for a 1nm offset

Note that we cannot perform Vernier scans like at LEP, we
can only displace the two beams by ~10%sigma_y

Assume each Vernier scan accurate to 1% sigma_y,
we get a precision of 400 keV.

the process should be simulated

we need 100 vernier scans to get an E,, accuracy of
40keV — suggestion: vernier scan every hour or more.

It is likely that Van der Meer scans will be performed
regularly at least once per hour or more. (=100 per
week) we end up with an uncertainty of ~10keV

over the whole running period.

The dispersion must be measured as well; this can be
done by using the vernier scans with off set RF
frequency

critical effect is in the vertical plane, but horizontal plane should be investigated as well

9/12/2019

Alain Blondel Physics at the FCCs 13
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note that if there is a transverse momentum in the collision this can be measured
from the muon pairs

add in quadrature to this width, slightly increasing it to 0.19 mrad. With 10% dimuon events,
expected to be recorded in 5 minutes at the Z pole, the crossing angle (taken as the peak of the
fitted Voigtian function) can be determined with a sub-prad statistical precision:

() = 2099098 £+ 0.0003 mrad. (126)
Janot et al.

i.e. 0.3 microradians every ~5 (~30) minutes on (off) the Z pole. This assumes that the current
can be raised in the machine without changes in parameters.

However this is not a measure of the beam offset,

so that an independent measurement is essential.
9/12/2019 Alain Blondel Physics at the FCCs 14



( At full luminosity, a vernier scan is a tricky operation and beam beam blow up effects
might affect the result

Therefore a beamstrahlung or radiative bhabha monitor seeems highly worthwhile as it gives
information on the direction of the interacting particles.

it detects

the hard photons emmitted in either e+e- 2 e+e-vy

or

the hard beamstrahlung photons

emitted along the beam direction at interaction point.

Photons are not affected by the IR magnetic fields.

The beam-beam offset leads to a shift in the beamstrahlung photon beam which is
proportional to the offset (and to the charge of the opposite beam) for small offsets.
the measurement is passive

the zero position can be operationally established by colliding beams at lower intensity
where large vernier scan amplitude is possible.

An angular kick of up to 0.18 mrad is expected in the horizontal plane due to EM attraction.
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Alain Blondel Physics at the FCCs

the first dipole is about 20m
away from the IP
0.1mrad is 2mm

detector size of a few cm is
certainly sufficient.

Will the Synchrotron Radiation
hit at the same place? or
completely obscure the
detector?

~20m 16
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Conclusion

The largest systematic uncertainty in the energy calibration that we have identified so far
is the interplay between beam offsets and opposite sign ertical dispersion

The largest effect is proesumably in the vertical plane but the horizontal one should be
eventually investigated.

The proposed solution is to perform ernier scans regularly. This may be tricky and not devoid
of sources of uncertainty. This strongly suggest to evaluate the possibility of an

on-axis monitor for photons from beamstrahlung and radiative bhabha to be located in the
outgoing arm of the detector.

reminder: Whil most contributions to the total uncertainty are under control, two sources have not
been estimated for the time being and will require further investigation:

— The impact of the IP dispersion in the horizontal plane.
— The 3* chromaticity effect that results from the beam-beam inferaction.



