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Symbol/Units

—

Nominal
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TABLE 2: The LHC list of parameters: proton—proton collider design parameters.

Proton collider (Design parameters)

Repetition rate frep (H2) ] . 5 5| FEnemey
. " . Dipole field
Number of particles per bunch N (10°) 2 1 2 2 Luminosity
Number of bunches per pulse 65| 510 262 13| Beem-beam parameter
Total beam—beam tune spread*®
Bunch interval in the Main Linac  ty (ns) 30602 1802 3692 4800| Tnjection energy
- : T . . . : Circulating current/beam
in units of RF buckets B0[ 26 480 6U| uinber of bunches
Average beam current in pulse [ (mA) 90| 90 90 68| Hamonicnumber
- - - Bunch spacing
Normalized emittance ot [P 3¢, (mmmrad) 0| 10 0 10[ Ppanicles per bunch
Normalized emittance ot IP v (mmomrad) | 004 008 008 (03] Stored beam enersy
¥ Mormalized transverse emittance: {8y a2/ 8
Beta function at IP s (mm) 0 N [l 1l| R.um.sbunch length
S
Beta function at IP ) (mm) 04 02 06 02 Collisions
he—— _ - - Beta-value at 1P,
R.m.s, beam size at IP a5 (nm) 69 4 AN M|  Rum.s. beam radius at LP.
.
Runs, beam size at IP a, (nm) 51 35 09 9§ Rms divergenceatlP
Luminosity per bunch collision
R.m.s. bunch length a, (ym) 00| 20 50 20| Crossing angle
. F = — MNumber of events per crossing
A ) 9
Disruption purnmcter D, 017) 001 082 02| gesm tifetime
Disruption parameter D, 104 M6 A9 21| Luminosity lifetime
e — Mucl events per [P pers
B(‘alll.\lmhlllllﬂ WMIN'!Q‘! va U.("S U"u' U.('&S U.l’.’l‘ Inelastic events per [15 per s
Ty s by beamstranlung. dgs 00| 0017 0027 0055 EesucevemsperiPpers
- | Synchrot diation ( )
Nunber of luwmlrnnhmg photons 1, 1320 001 LT I gnergy Ioz::; e
Luminosity enhancement factor ~ Hp 7] 148 218 164] Critical photon cacrgy
- - S : Total radiated power per beam
(eometric luminosity Loo 10%/emfs|  120] 135 08 121  Power per unit length for two beams
Luminosity £ 10M fem? fs o 2 ) g [rensversedsmping time

Longitudinal damping time

moom MW

TeV

em—2g—1

GeV

e rad
cm™?
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7.0
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1034
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SuperKEKB

SuperKEKB

LER(e*)  HER(e”) | Units
Beam energy E 4.0 7.007 GeV
Circumference C 3016315 m
Half crossing angle B, 41.5 mrad
Piwinski angle Opi 246 19.3 rad
Horizontal emittance £ 32(19) 4644 nm
Vertical emittance & 8.64 129 pm
Beta function at IP pr/p; | 32027 25/0.30 mm
Horizontal beam size at IP @ | 10.1 10.7 um
Vertical beam size at IP o, 48 62 nm
Momentum compaction a, 320 455 10
Energy spread g | 71927.53)  6.37(6.30) 10~
Beam current I 3.60 2,60 A
Number of bunches ny 2500
Energy loss/turn Uy 1.76 243 MeV
Long. damping time T, 28 290 ms
RF frequency far 508.9 MHz
Total cavity voltage V. 04 15.0 MV
Total beam power By 8.3 15 MW
Bunch length a. 6.0(4.7) 50(4.9) mm
Beam-beam parameter & /€, | 0.0028/0.088  0.0012/0.081
Luminosity L §x 107 ems”
Integraied luminosity L 50 ab~!

*With two high-luminosity [P + distant crossings.



Table 1; FCC-ge baseline parameters compared to LEP1 and LEP2

Colliders in the world

FCC

CEPC

(LEP1) (LEP2) Z W H tt
Circumference [km] 26.7 267 100 100 100 100
Bending radius [km)] 31 il 11 11 11 11
Beam energy [GeV] 454 104 455 80 120 175
Beam current [mA] 26 304 1450 152 30 6.6
Bunches / beam 12 4 16700 4490 1360 98
Bunch population [1011] 18 42 18 0.7 046 14
Transverse emittance €
- Horizontal [nm] 20 2 292 33 0.94 2
- Vertical [pm] 400 250 60 7 19 2
Momentum comp. [107] 18.6 14 18 2 05 0.5
Betatron function at IP p*
- Horizontal [m] 2 12 05 05 05 1
- Vertical [mm] 50 1 1 1 1
Beam size at [P ¢* [um)]
- Horizontal 224 182 121 41 22 45
- Vertical 45 32 0.25 0.084 0.044 0.045
Bunch length [mm]
- Synchrotron radiation 8.6 115 1.64 1.01 0.81 1.16
- Total 8.6 115 2.56 1.49 1.17 1.49
Energy loss / tum [GeV] 0.12® 3.34 0.03 033 1.67 7.5
SR. power / beam [MW] 0.3 11 50 50 50 50
Total RF voltage [GV] 0.24 35 25 4 55 11
RF frequency [MHz] 352 352 800 800 200 800
Longitudinal damping time g [turns] 371 31 1320 243 72 23
Energy acceptance RF [%4] 1.7 038 27 7.2 112 7.1
Svnchrotron tune Qs 0.065 0.083 0.65 021 0.096 0.10
Polarization time T, [min] 252 4 11200 672 89 13
Hourglass factor H 1 1 0.64 0.77 083 0.78
Luminosity/IP [10* em™s™] 0.002 0.012 28.0 12.0 6.0 1.8
Beam-beam parameter
- Horizontal 0.044 0.040 0.031 0.060 0.093 0.092
- Vertical 0.044 0.040 0.030 0.059 0.093 0.092
Luminosity lifetime [min] 1750 434 298 73 29 21

Higgs W | z 31ty | =z <2
Mumber of IPs 2
Beam energy (GeW) 120 B0 | 45.5
Circumference (km) 100
Synchrotron radiation
I;me (GeV) 1.73 0.34 0.036
Crossing angle at IP {(mrad) 16.5 x 2
Piwinski angle 3.48 7.0 23.8
Particles /bunch N. (10'") 15.0 12.0 8.0
Bunch number 242 1524 12000 (10% gap)
Bunch spacing (ns) 680 210 25
Beam current (mA) 17.4 87.9 461.0
Svnch. radiation power (MW 30 30 16.5
Bending radius (km) 10.7
Momentum compaction {107) 1.11
B function at IP /& .* /4 ,.* (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001
Emittance x/ (nm) 1.21/0.0024 0.54/0.0016 0.18/0.004 | 0.18/0.0016
Beam size at IP ox /oy (pum) 20.9/0.06 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters & /& 0.018/0.109 0.013/0.123 0.004/0.06 | 0.004/0.079
RF voltage Fre(GWV) 2.17 0.47 0.10
RF frequency jfrr (MHz) 650
Harmonic number 216816
Matural bunch length o (mm) 2.72 2.98 2.42
Bunch length o (mm) 4.4 59 8.5

Damping time @/ 5/ e (ms)

46.5/46.5/23.5

156.4/156.4/T4.5

B49_5/849.5/425.0

MNatural Chromaticity

-468/-1161

-468/-1161

-491/-1161 | -513/-1594

Betatron tune 15/14

363.10 / 365.22

Synchrotron tune v 0065 0.040 0.028

f ri 2
HOM powerfcavity (2 cell) 0.46 0.75 1.94
(Jowr)
MNatural energy spread (%) 0.100 0.066 0.038
Energy spread (%) 0.134 0,098 O.0ED
Ener_g}-' accep'rjance 135 0.90 0.49
requirement {%a)
Energy acceptance by RF (%4} 2.06 1.47 1.70
Photon number due to 0.082 0.050 0.023
beamstrahlung
Beanlstruhl]_lng. ]ltftlm? 20,20 ~400
Jgquantum lifetime” (min)
Lifetime (hour) 0.43 1.4 4.6 I 2.5
F (hour glass) 0.89 0.94 0.99
Luminosity/IP (10°*cm?s™") 3 10 17 I 32

T

include beam-beam simulation and real lattice
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Luminosity
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Luminosity
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Luminosity in LHC

N; = N, = 1.15 x 10! particles/bunch

n, = 2808 bunches/beam
f = 11.2455KHz

¢ = 285 urad
ox= 0y, = 16.6um
o, =7.7cm

Bi = B = 0.55m

Head — on collision L=12x103*cm?%s~1
Effect of crossing angle L =0.973x10%* cm™2s1

Effect of crossing angle and Hourglass L =0969 x 103* cm2s71



Luminosity

1 barn = 107%8m? = 100fm? 1fm?=10"%m x 107>m = 1073%m?
1fb=10"15x10"28m2 = 10*3m? 1pub =107>*m?

* Inverse femto barn (fb~1) is unit used to measure the number of
particle collision events per femto barn of target cross-section.

Is conventional unit for time — integrated Luminosity.

* Instantaneous luminosity of 300 x 103%°cm™%s~1 = 300 ub~1s71
(if 8 hours Run, 8 hours = 28800 second ) 1ub~t = 103%/m? = 1039 /cm?

= 8640000 ub~! = 8.64pb~1 = 0.00864fb~1

« If this is multiplied by the cross-section, then a dimensionless number is
obtained equal to number of scattering events.



Luminosity

= = o(scattering cross—section) x Luminosity (5 &=/t A|ZH/TH HA)

<
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To find actual number of collisions for any particular process

S=F =ox[Ldt JLdtzl/area

The unit of this value is 1/area and the inverse femto barn turns out to be
roughly magnitude for measuring [ L dt

Integrated Luminosity
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Beam-beam Tune shift
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Beam-beam Tune shift
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Beam-beam Tune shift
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Beam-beam in storage ring
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Beam-beam in storage ring
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Beam-beam in storage ring
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Round Gaussian beam
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Round Gauss
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Round 71M Bl Clot 2= <l
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Disruption Limits
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Disruption Angle

Disruption2 7| deflecting 2t=0f| 2| EH=ICY.
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Disruption Parameter
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Enhancement @A} (Hp~2) o
Smears out Luminosity
Creates e+e- pairs

background in detector
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Pinch effect

Strong electromagnetic field of the
opposing bunch :

- deflects the particles “beam-beam kick”
- focuses the bunches “pinch effect”
- Luminosity enhancement factor Hj

Beam envelope w/o beam-beam __ -

Beam envelope with beam-beam —

E, (MV/cm)
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Hour - glass G%

bunch length= 00| OFL|O{ A hour glass HEHS| 2 HtSE Bl HEHE 7HX|H
Effective luminosity= Zf 22HCE

s=Ad 2M0AM et B A0|== ZESHA] &5l HEFghe aXOf| et Hotnt

RQ
<2
I
Rq*
<2
Z 0
—
+
5}

N
=
=N

<2
k I
®
7/



Hour - glass @&

B, <o,Y AL Task @l AIO|= AAHOM 2E RSO
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Luminosity : RF Power

Center of mass energy : Ecqy

NpNf oo Ecm = Ppeam = NrF>beamPrE) n: RF to beam power ef ficiency
_ (Ecm np N freq)N _ Ngp PreN
L= p = Hp
drto,o,Ecy Arto,o,Ecy

N « Beam — Beam effects
L« 0.0 Hp | Pheam - 45t XM & (pinch effect) — Luminosity 37t
x=y - beamstrahlung — photon emission
. dilutes luminosity spectrum
. creates detector background

« Strong focusing needed for small size
- optical aberrations
- stability issues and tolerances



Luminosity
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Pinch and luminosity enhancement

3 5= S0l= HA=E0| ME EHAMN &= E&= Pinching) T/ 01 A
Luminosity S7t& 7HM2Ct

p

] ) . o Beam-beam effects , _ 2z No,

Ly N<nyf. Oxo =~ Ox Hp, and instability &L L %3
4oy o, y y ”
y = & = S e
Lo 0x0y

n, : bunches/train
N : particles/bunches
f, :repetition frequency D24

Hp : beam — beam enhancement factor - # %
(linear collider : ~2)

42



=710 =42 U= 7|l 52| &= A3 StALE
S= 2 Hel= 82 NAHSH| /i Q=T (ILC: 14mrad, CLIC: 20mrad)
Crab Crossing L ,

= =

0| Zd2 Crab Crossing Al

A
—
HX| S|HS YoHAM BE Al W Beam 2

Reduction Factor

1 1
S = ~ ex)LHC
2 2
1+ G—ZE(tanQ) 1+ G_ZZ Q)Z 0 = 285urad Large crossing angle:
Ox 2 0,=7.5cm large loss of luminosity
s = 0.84

For small crossing angle



Crab cavity Crab cavity
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“crab”crossing recovers geometric loss factor.
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Radiation Emission
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Luminosity Issue

Nj, : bunch/Train

* Luminosity= TAIECZ | = "”N e o 2 Z=O 2L} N : Xt5=/bunch
, frep - rEpeEtition freq
7t AR B BHO|| CfsiME L =" Ly A:SETON o HeX
AT Oy Oy Hp : 21-2l enhancement factor

* nberquCM = Ppeam = Nrfsbeam Prf (nrfE RF to Bt 8&4)

. (ECM nberep)N H. = anPTfN
4oy oy Ecy P 4n 0,0y Ecy

Hp

Luminosity= 0|8l 22 S4 8 o4 X|Of| A (fIF{Of Hl2f[StC}

- NgE A dd 5= 7t57] Hl

LEP frep = 44 kHz LuminosityOll Al €F 400847} XtO|7} LB 2
LC frep = few 100Hz rf Lt 7t XSt O|Ct S=H0A HAO|Z=F O ZAE LCO[A BHC}



Luminosity Issue
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Beamstrahlung
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Beamstrahlung
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