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Goal and Limits of our Study

m How does the uncertainty in the
luminosity spectrum affect
measurements at CLIC 3 TeV?

» Benchmark processes far above
threshold, very few events with
Ve <1.5TeV

> Integrated Luminosity 2 ab~"

m Studied lumi spectrum in light of
these benchmarks

m Including relevant effects for
reconstruction

m Can use a minimal model to
describe the luminosity spectrum,
do not need a complete and global
description of the spectrum from
V& =0TeV-3TeV
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What is the Goal of this Measurement? (i)

m Goal: The distribution of the pairs of
particle energies prior to initial state

radiation L(xi,x2) Particle Energy Spectrum from

» Only reconstructing the GUINEAPIG
centre-of-mass energy ignores the e 1 10°
longitudinal boost of the system I_uc“u’ )
» Strong correlation between the two | 10
particle energies 10
» Account for Asymmetric beams _
> Initial state radiation depends on Ly Ce 1
the specific process and . _;' o 10"
centre-of-mass energy T
m Note: We mostly show the c.m.s. e e 10°
luminosity spectrum L(+/s') a 10°
because it is easier to compare and EJE
. 1 —Beam
interpret
Vs
L(\/g) = /dX1 /ngL(X1 ,XQ)S(\/Si—\/MXg)
nom
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What is the Goal of this Measurement? éh

m Goal: The distribution of the pairs of
particle energies prior to initial state
radiation L(xy,X2) Luminosity Spectrum from GUINEAPIG

» Only reconstructing the
centre-of-mass energy ignores the
longitudinal boost of the system

» Strong correlation between the two
particle energies

» Account for Asymmetric beams

» Initial state radiation depends on
the specific process and
centre-of-mass energy

m Note: We mostly show the c.m.s.
luminosity spectrum L(v/s') 0 07 01 o8

0.8 1
because it is easier to compare and x=\87\Spom
interpret
L(\/;):/dx1/dX2L(X1 X2)5( \/? —\/X1X2)

, v/ Snom
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What Do We Measure in the Detector? AR

Distributions after Bhabha scattering and
cross-section (without detector
resolutions)

m Need large cross-section and well
known process: Bhabha scattering

m In the detector we measure the final
state particles affected by the

cross-section (initial state radiation, § =" : ‘ : 10°

final state radiation, v/s’ W o ek 107

dependence) L 10
m There is no way, for an individual 0.6

event, to know if the energy was lost 0 4£ !

from initial state radiation or i 10"

Beamstrahlung 0.2F 102
m The measured values are also i

affected by the resolution of the 0 02 04 06 08 1
respective subdetector
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What Do We Measure in the Detector? ah

Distributions after Bhabha scattering and
cross-section (without detector
resolutions)

m Need large cross-section and well
known process: Bhabha scattering

m In the detector we measure the final

state particles affected by the 3 | ' ' ' ' i
cross-section (initial state radiation, £0.021- B
final state radiation, v/s’ - ]
dependence) 0.015F B
m There is no way, for an individual 0 011_ i
event, to know if the energy was lost T ]
from initial state radiation or 0.005F ]
Beamstrahlung C
m The measured values are also ol L L L
0 02 04

affected by the resolution of the
respective subdetector

. ]
0.6 0. 1
x=\/ESL’/\ Snom
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Fit Procedure AR

For an efficient extraction of the parameters a reweighting fit is used
m Create 'real’ spectrum, taken from GUINEAPIG (GP-Sample)

m Create a luminosity spectrum according to MODEL (MODEL-Sample)

Fit Level a) Use the particle energy spectra directly
Fit Level b) Simulate Bhabha events, add detector effects, use observables for fit
(see presentation by Stéphane)

m Fill GP-Sample and Model-Sample in different histograms

m Let Minuit vary the parameters and change the weight of every single event
of the MODEL to minimize the x? between GP-Sample and MODEL-Sample
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Beam-Energy Spread &[b

Particle energy vs. longitudinal position
from the accelerator simulation

001 rrrrrrrTTyrTTTT T T T T T T T T T T T
% L 4
S uf”
m Energy distribution mostly due to J
intra-bunch wakefields and RF
phase offset or .
m Front of bunch gains more energy I
and wakefields reduce effective
gradient for the tail
_004I e b b b b ey
-150 -100 -5 0 5 100 150

Z [um]

Bunch travelling towards the left
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Better Beam Particle Files

x
m Beam Particle files used as input to 3300
GUINEAPIG showed wiggles in the ° I
energy spectrum

m Also visible in 2D lumi-spectrum

m Wiggles due to number of slices I
used in accelerator simulation 100[

m B. Dalena reran simulation with

more (50) slices

o | IR B
m Wiggles disappear -0.004-0.002
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Better Beam Particle Files

m Beam Particle files used as input to
GUINEAPIG showed wiggles in the
energy spectrum

m Also visible in 2D lumi-spectrum

m Wiggles due to number of slices I
used in accelerator simulation 100]

dN/dx
)
S
S

200}

m B. Dalena reran simulation with

Old
— 50 Slices

more (50) slices
m Wiggles disappear
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Beta-Distributions

m Mostly using Beta-Distributions for
the description of the luminosity

spectrum

b(x) = 1Nxa‘ (1—x)%

with different parameter bounds

m Range: 0 < x < 1

FCal, CERN, Nov. 2012
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Beam-Energy Spread Function [ i)

Particle energy distribution from
accelerator simulation

m Tried several different functions to fit, ~ x*00—T—— Energy spread
settled on beta-distribution 5 B Fit1 + 99% C.L.
convoluted with Gauss 300 y

Xmax i ]
BES(x) = / b(7)Gauss(x — 7)dT  200f .
Xmin [ ]

m 5 parameters, including min. and 100H u
max. of beta-distribution range - ]

= i7/ndf = 764/195 050040002 0 0002000

' ' " x=AE/Eg,,,
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Luminosity-weighted Beam-Energy Spread

m Due to the correlation,
Beamstrahlung, and beam-beam
effects two vastly different
beam-energy spread distributions
emerge for the luminosity spectrum

m Peak Region: Both particles with
E > 0.995Egcam

m Arms Region: Only one of the
particles with E > 0.995Eg¢am

m Both can be fit with a
beta-distribution convoluted with a
Gauss (keeping Xmin, Xmax, and ©
fixed)

@

Peak of the luminosity spectrum

0,

.01

©
@ 104
R
L

10°

10?
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Luminosity-weighted Beam-Energy Spread (i)

Particle energy distribution from the

m Due to the correlation, . .
GUINEAPIG simulation

Beamstrahlung, and beam-beam

gﬁeCtS two vastly dlf(;eégr:t.b i §500:— . Energ;y sprelad in IIDeak .

eam-energy spread distributions Z B Fit + 99% C.L. :

emerge for the luminosity spectrum 400F — Energy spread in Arms 7

m Peak Region: Both particles with 3005 B Fit + 99% C.L. ]

E > 0.995E806am - ]

m Arms Region: Only one of the 200:‘ .

particles with E > 0.995Egeam AN ]

o 100 e TTRPPR )

m Both can be fit with a i

_di i i | h P S TP TP TP a1
beta dIStrIbUt.IOH convoluted with a 0_0_004_0_002 0 00020004

Gauss (keeping Xmin, Xmax, and o X=AE/Eg,, .

fixed)
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Fitting with Chebyshev Polynomials [ i)

m Fitting with Chebyshev polynomials
would avoid trouble of model
description

m f(x)= Zp,-Cheb,-(x)
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Fitting with Chebyshev Polynomials &Ib

m Fitting with Chebyshev polynomials
would avoid trouble of model

description FTTT T T T T T
m f(x) =} piCheb(x) 5000 .
' 4000} ]

m But o ;
» 5 Parameters 3000¢" L "7
Foo A~

2000p I

E "’»‘_, A

1000F comvsmt et N\

0

L 1 1 1 1 1
-0.004-0.002 0 0.002 0.004

Beam
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Fitting with Chebyshev Polynomials &Ib

m Fitting with Chebyshev polynomials
would avoid trouble of model

description FTTT T T T T T
m f(x) =} piCheb(x) 5000 .
! 4000 3

m But r :
» 5 Parameters 3000F A "7

> 10 Parameters i s
2000 =

g G\

1000 v ™ 3

G 1

1 1 1 1
-0.004-0.002 0 0.002 0.004

Beam
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Fitting with Chebyshev Polynomials

m Fitting with Chebyshev polynomials
would avoid trouble of model

description
m f(x) =Y piChebj(x)
i

m But

» 5 Parameters
» 10 Parameters

» 26 Parameters: x2/ndf = 668/173

FCal, CERN, Nov. 2012

5000}
4000f
3000
2000}

1000

1 1
-0.004-0.002

A. Sailer,S.Poss: Luminosity Spectrum Modelling

0

1 1
0.002 0.004

Beam

12/3


mailto:andre.philippe.sailer@cern.ch?subject=Measurement of the Differential Luminosity\at 3~TeV CLIC
http://lcd.web.cern.ch

Fitting with Chebyshev Polynomials

m Fitting with Chebyshev polynomials
would avoid trouble of model

description
m f(x) =Y piChebj(x)
i
m But

» 5 Parameters
» 10 Parameters

» 26 Parameters: x2/ndf = 668/173
» 35 Parameters: x2/ndf = 226/164 10000
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Fitting with Chebyshev Polynomials

m Fitting with Chebyshev polynomials
would avoid trouble of model

description
m f(x) =Y piChebj(x)
i
m But

> 5 Parameters
> 10 Parameters
» 26 Parameters: x2/ndf = 668/173
» 35 Parameters: y2/ndf = 226/164
m Saves trouble of convolution, but at
the cost of many parameters

m Could also fit centre only and do
convolution with Gauss, but still
need larger number of parameters

4000H 3

3000

2000

1000

5000?& | "'é

1 1 1 1 1
-0.004-0.002 0 0.002 0.004

Beam
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Beamstrahlung AR

m Second contribution to luminosity
spectrum is energy loss due to
Beamstrahlung

m Potentially large loss of energy for

2
some particles, 30% in the top 1% gm t — Particle Energy '
Fitting the particle Energy Spectrum © 10F 3
m Single Beta-Distribution not enough ] 8 .
to describe full range of particle ~ Mw_h\»ww.,ww—"”‘” E
energies w0 ' ]
m Upper bound of 0.995,/Spom, : ]
because of impact of beam-energy 102;‘ 3
spread (Particle energy is S
convolution of Beamstrahlung and 10702

04 06 08 1
beam-energy spread effect) x=Particle Energy/E;, |
m Keep small number of parameters:

Limit to 0.54/Snom and a single
beta-distribution (limited a; > 0.0),
but can extend
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Beamstrahlung ah

m Second contribution to luminosity
spectrum is energy loss due to
Beamstrahlung

m Potentially large loss of energy for .
some particles, 30% in the top 1% g
©

- — Particle Energy

Fitting the particle Energy Spectrum [ — 1 Beta-Distribution

m Single Beta-Distribution not enough
to describe full range of particle

it TS

[ i i

energies 107 3

m Upper bound of 0.995,/50m, ; ]
because of impact of beam-energy 102;‘ 3
spread (Particle energy is _33““.“'.“'. L
convolution of Beamstrahlung and 10702

04 06 08 1
beam-energy spread effect) x=Particle Energy/E;, |
m Keep small number of parameters:

Limit to 0.54/Snom and a single
beta-distribution (limited a; > 0.0),
but can extend
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Beamstrahlung ah

m Second contribution to luminosity
spectrum is energy loss due to
Beamstrahlung

m Potentially large loss of energy for
some particles, 30% in the top 1%

- — Particle Energy

Fitting the particle Energy Spectrum [ — 1 Beta-Distribution

m Single Beta-Distribution not enough ] _ / _
to describe full range of particle I

dN/dx

energies 10k 3

m Upper bound of 0.995,/Spom, : ]
because of impact of beam-energy 102;‘ 3
spread (Particle energy is _33““.“'.“'. L
convolution of Beamstrahlung and 10702

04 06 08 1
beam-energy spread effect) x=Particle Energy/E;, |
m Keep small number of parameters:

Limit to 0.54/Snom and a single
beta-distribution (limited a; > 0.0),
but can extend
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Beamstrahlung

m Second contribution to luminosity
spectrum is energy loss due to
Beamstrahlung

m Potentially large loss of energy for

some particles, 30% in the top 1% g
Fitting the particle Energy Spectrum ©

m Single Beta-Distribution not enough
to describe full range of particle
energies

107
m Upper bound of 0.995,/Smom, :
because of impact of beam-energy 10'25'-

spread (Particle energy is

- — Particle Energy
[ — 1 Beta-Distribution

e
i S

2 Beta-DistributioE//

convolution of Beamstrahlung and 0 02

beam-energy spread effect)

m Keep small number of parameters:
Limit to 0.5,/shom and a single
beta-distribution (limited a; > 0.0),
but can extend
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Beamstrahlung ah

m Second contribution to luminosity
spectrum is energy loss due to
Beamstrahlung

m Potentially large loss of energy for

. . 10%g T T T T
some particles, 30% in the top 1% g E — Particle Energy
-, . [ — 1 Beta-Distribution
Fitting the particle Energy Spectrum © 108, Beta-Disributions e
m Single Beta-Distribution not enough b — 3 Beta-Distributions ]
to describe full range of particle :
energies

m Upper bound of 0.995,/Snom,
because of impact of beam-energy

spread (Particle energy is of 1
10-...I...I...I..I...I.

convolution of Beamstrahlung and 0 02 04 06 08 1
beam-energy spread effect) x=Particle Energy/E;, |
m Keep small number of parameters:
Limit to 0.54/Snom and a single
beta-distribution (limited a; > 0.0),
but can extend
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Full MODEL

For the Function:

Peak

Arm1

m Divide the luminosity spectrum in
four different regions

m Individual regions described by
convolutions of beam-energy spread
functions and Beamstrahlung Yoo s T o
functions (or just Beamstrahlung

0%77 0.98  0.99 1 1.01
X

Body

functions)

m Created a 2D probability density
function which enables the
generation of the luminosity
spectrum according to the MODEL B T

m For this model: 19 free parameters
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Fitting Spectrum Directly

m Fit the 2D distribution of Particle
energies

m 1 million GP events and 3 million
according to MODEL

m No cross-section, initial state
radiation, or detector effects

m Difference in the width of the peak,
but averages out

m Spectrum reconstructed within 5%

down to 0.61/Snom
» Only statistical errors from
GUINEAPIG sample
» Error due to parameters smaller

m In the topmost bin (summed):
AL/L=—0.0062+0.0017(stat) &
0.0003(par)

><1025""|' T T T T T T —

§ t — GuineaPig .
°
Model

1F i - 3

?,vw,/r-:-f-'r"""“‘““' E
107 ' ' . ! L
05 06 07 08 09 1
Is(s
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Fitting Spectrum Directly Qp

m Fit the 2D distribution of Particle

energies
m 1 million GP events and 3 million
. Q_O.'Iu LI G O L B BN B
according to MODEL S '. 1
m No cross-section, initial state & 0.1 ‘ N
radiation, or detector effects 20,05 I'f
m Difference in the width of the peak, - 0 »
but averages out ‘
m Spectrum reconstructed within 5% 0.05 | ‘ ‘ ':
down to 0.6/Snom 0.1 | i
> Only statistical errors from . . . . E
GUINEAPIG sample 0185 06 07 08 09 1
» Error due to parameters smaller Is/ Snom

m In the topmost bin (summed):
AL/L=—-0.0062+0.0017(stat) -
0.0003(par)
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Fitting Spectrum Directly AR

m Fit the 2D distribution of Particle

energies
m 1 million GP events and 3 million I
according to MODEL S 3
m No cross-section, initial state o 0'1:' E
radiation, or detector effects <§.'>0,05:_ .
m Difference in the width of the peak, ~ ~ | iy t, *ﬂ HHE
but averages out i w
m Spectrum reconstructed within 5% “0.05¢ f1y g
down to 0.64/Snom -0.1_§+ ;
» Only statistical errors from s ]

GUINEAPIG sample 0135 06 07 08 09

> Error due to parameters smaller S7\Snom

m In the topmost bin (summed):
AL/L=—0.0062+0.0017(stat) &
0.0003(par)
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Fitting Spectrum Directly AR

m Fit the 2D distribution of Particle

energies
m 1 million GP events and 3 million 10,1 B
according to MODEL ot b ]
m No cross-section, initial state oot ot E

[ORE
radiation, or detector effects <§.'>o,05'
m Difference in the width of the peak, - i

but averages out

m Spectrum reconstructed within 5% '0-05;' E

down to 0.6/Snom o1 N E

» Only statistical errors from s . . b
GUINEAPIG sample 0135 0.95 1

» Error due to parameters smaller \E/\ Shom

m In the topmost bin (summed):
AL/L=—0.0062+0.0017(stat) &
0.0003(par)
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Fitting Spectrum Directly AR

m Fit the 2D distribution of Particle

energies

m 1 million GP events and 3 million 1,01 B
according to MODEL S ]
m No cross-section, initial state & 0'1;' E
radiation, or detector effects <§.'>o,05:_ ]
= N —_— ]
m Difference in the width of the peak, OI‘F+++++ - E
but averages out
m Spectrum reconstructed within 5% -0.05 E
down to 0.6/Snom o1 E
> Only statistical errors from E. . . ]

GUINEAPIG sample 01555 0.95 1
» Error due to parameters smaller \E/\ Shom

m In the topmost bin (summed):
AL/L=—0.0062+0.0017(stat) &
0.0003(par)
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Lumi. Spectrum with Cross-Section AR

m Bhabha cross-section proportional
tol/s

m Calculated by WHIZARD and — Whizard

BHWIDE 7° < @4+ < 173° > 10°F
F — BHWide E

[fo]

— e

m Need Lumi Spectrum scaled i 1
according to cross-section 0 10°E .

. . (9]
m Cross-section read into GUINEAPIG oY

m Added accept/reject based on 105;- -
existing splineCPP E 3

m Very inefficient, need more beam 104:. o T~ ]

particle files 0 1000 2000 s 3((5)00

. V

m Also addded for generation s[GeV]
according to MODEL, inefficiency

requires lower limit on c.m.s. energy
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Lumi. Spectrum with Cross-Section éh

m Bhabha cross-section proportional
tol/s

m Calculated by WHIZARD and 2 F " Bhabha Cross-section

BHWIDE 7° < 04+ < 173° z TE —— GP Unweighted
. i P -secti

m Need Lumi Spectrum scaled = o'lh —— gP Wiﬁgﬁfeﬁemn
according to cross-section

m Cross-section read into GUINEAPIG 1024

m Added accept/reject based on
existing splineCPP 10°

m Very inefficient, need more beam WJMA
particle files 10% 1000

m Also addded for generation
according to MODEL, inefficiency
requires lower limit on c.m.s. energy

P P 1
2000 3000
/s [GeV]
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Summary and Conclusion AN

The CLIC beams produce a rather peculiar luminosity spectrum
Modelling is not as easy as for beams with Gaussian beam energy spread
Using description with minimal number of parameters

Model describes lumi spectrum quite well, within limits of of current model,
and some differences in the peak

Extension of the model possible

Added luminosity spectrum scaling according to cross-section in GUINEAPIG
and MODEL
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