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Goal and Limits of our Study [ i)

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

» Benchmark processes far above o a 120 Gev Higgs
threshold, very few events with
Ve <1.5TeV

> Integrated Luminosity 2 ab~"

SUSY Model 2

Higgs

m Studied luminosity spectrum in light
of these benchmarks

cross section (fb)

m Including relevant effects for f
reconstruction

m Can use a minimal model to S T .1 VR
describe the luminosity spectrum, ieen
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?

m Goal: The distribution of the pairs of
particle energies prior to initial state
radiation . (x, x2)

> 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 . (v/s')
because it is easier to compare and
interpret

2(V3) = [ax [dez(x,%)5(

Particle Energy Spectrum from
GUINEAPIG

E/E

1 —Beam

/
- X1X2)

Snom
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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 . (x, x2) Luminosity Spectrum from GUINEAPIG

> Only reconstructing the
centre-of-mass energy ignores the 107 ' ' ' ' HE
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.

f : / PP R B S R
luminosity spectrum L (V) 0 95 02 o8 o8 1
because it is easier to compare and x=\87\Spom
interpret

/

- X1X2)

2(V3) = [ax [dez(x,%)5(

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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The Model
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The Model @

L (x1,%2) =

preakd(1— x1) ® BES (x1;[p];%)
8(1—x) ® BES (x; [p]5%)
+Parmt (1 — x1) @ BES (x1; [pl}™)

BB (X2§ [P]érma /3|i1mit)

“+Parmz BB (X1 [0]4"™, Bitni)
8(1—x2)® BES (xzi [p™) 5
+PBody BG <X1 ; [p]?Ody’ﬁliZmit> 0.98 B 10°

BG (xz; [P]EOdyaﬁanit)

10°

10

0.99
10°

0¥97 098 099

With Xmax

BES(x) = /X - b()Gauss(x — 7)de Model (arbitrary parameters)
BB(x) = (b®BES)(x)

BG(x) = (b®g)(x)
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The Model
f(X1 ,Xg) =

pPeak(s(1 — Xq ) ® BES (X1 ; [p] I:eak)

8(1—x) ® BES (x; [p]5%)
+pam18(1 — x1) ® BES (x1; [p]{™)
BB (x2: [PI5™, Bimit)
+parm2 BB (X1?[p]¢rm’ﬁI?mit) S

8(1—x2) ® BES (x2; [p]2™)

+PBody BG <X1 ;[p]

With

Xmax
BES(x) = / b(t)Gauss(x — t)dt
Xmin

7 098 0.99 1 1.01
X

Body

Body p2
aﬁlimit) —_—

BG (Xz; [p]EOdy7 ﬁlizmit) 0.98f

O'%7 7 098 0.99 1 1.01
X

BB(x) = (b®BES)(x)

BG (x) = (b@g) (x)
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Reweighting Fit

fi
Start Model - - Smeared fit Start GUINEAPIG

v
Generate
Events with
oo . i
2(xj. xkilplo)

Weight every

Compute X,‘MN)

Buneaw

M\m;ﬁ'\zer P % P g
o @™
= I |
Compare % § 1%
Model with = ° i3
GUINEAPIG: [-r---m-m oo o= =g
22 ofHis-  M-bmmmmme T
tograms
i Minimizer Procedure . —
- /] ]
Nep = Z 1 Ogp — \/NGP
GP Events i in Bin j
J _ i J _ 2
Mytodel = )y w OModel = (w')
Model Events i in Bin j Model Events i in Bin j

i 73(’(1"7’(5'? [p]w) 2 _ (NéP —fs- NjModel)z

= 2 (x xb:[plo) x
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Binning
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Fitting Spectrum Directly ah

m Fit the 2D distribution of Particle

Energies x1 0%F - - - - E
m 3 million GP events and 10 million % 10f GuineaFig F
i : Model
according to MODEL i ]
m No cross-section, initial state ¥ ,f“’“'”””' E
radiation, or detector effects 10 2 3
m Difference in the width of the peak, 10_25’;’ 3
but averages out 10%k E
m Spectrum described within 5% down 10—4;—| .
/ S T R R B b
10.0.61/8nom _ . 02 04 06 OV& 1
m Some problem with the width of the S7\Sno
peak
» Only statistical errors from Results for 150 x 150 bins and cut
GUINEAPIG sample Vs >1.5TeV

» Error due to parameters smaller
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Fitting Spectrum Directly

m Fit the 2D distribution of Particle
Energies

m 3 million GP events and 10 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 described within 5% down

to 0.6/Snom
m Some problem with the width of the
peak
> Only statistical errors from
GUINEAPIG sample
» Error due to parameters smaller
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> 1 02 3 T T T T LIRE
S [ — GuineaPig
£
- Model
10 E
1F R — E
o8 | I IR NSNS NS S A PR
1095 06 07 08

09 1
\E/\ Snom

Results for 150 x 150 bins and cut
Vs >15TeV
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Fitting Spectrum Directly

m Fit the 2D distribution of Particle
Energies

m 3 million GP events and 10 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 described within 5% down

to 0.6/Snom
m Some problem with the width of the
peak
> Only statistical errors from
GUINEAPIG sample
» Error due to parameters smaller
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S
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Fitting Spectrum Directly ah

m Fit the 2D distribution of Particle

Energies 0.0.15— T T T =
m 3 million GP events and 10 million % 0.1k +
according to MODEL G b ]
o Q.05 } t o 3
m No cross-section, initial state = M i WW ]
radiation, or detector effects oF *Hﬂ } ft i
m Difference in the width of the peak, -0.05F || ﬁ it 3
but averages out w * ﬁ ﬁ
m Spectrum described within 5% down '0'1;_ WW ﬁ B
00.6y/Som , 018G 0a 06 'ofzi;' B
m Some problem with the width of the S7\Snom
peak
» Only statistical errors from Results for 150 x 150 bins and cut
GUINEAPIG sample Vs >1.5TeV

» Error due to parameters smaller
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Fitting Spectrum Directly ah

m Fit the 2D distribution of Particle

Energies n0.15 T T T T ™7
m 3 million GP events and 10 million % 0.1k E

according to MODEL , H o1
m No cross-section, initial state (210'05;_ * HW ﬂ HHW HW " E

radiation, or detector effects oF NH * ﬁ it “ﬂ W ++ RN
m Difference in the width of the peak, -0.05;% * . ]

but averages out H ]
m Spectrum described within 5% down o1 E

00.6y/Som , 0185 06 07 08 08 T
m Some problem with the width of the VS7\Snom

peak

GUINEAPIG sample Vs >1.5TeV

» Error due to parameters smaller
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Fitting Spectrum Directly [ i)

m Fit the 2D distribution of Particle

Energies a0.15 T T

m 3 million GP events and 10 million % 0.1 { E
according to MODEL (0} | P

m No cross-section, initial state (210'05 | } H | H; E
radiation, or detector effects 0 W “ m W | WW' 3

m Difference in the width of the peak, -0.05 }H ”H ’ w I} | H | ]
but averages out } | ”

m Spectrum described within 5% down 01 vl E
0 0.6/Snom O "0 : '

m Some problem with the width of the VS7\Spom
peak

» Only statistical errors from Results for 150 x 150 bins and cut
GUINEAPIG sample Vs >1.5TeV

» Error due to parameters smaller
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Fitting Spectrum Directly AR

m Fit the 2D distribution of Particle

Energies a0.1507 T T
m 3 million GP events and 10 million % 0.1F E
according to MODEL Q ]
m No cross-section, initial state %'05;_ _
radiation, or detector effects O+ T, 3
m Difference in the width of the peak, -0.05F o E
but averages out E ]
m Spectrum described within 5% down 01 E
_ o .
to 0.6+/Snom - . 0.150.9 0.95 1
m Some problem with the width of the Vs7{Som
peak
» Only statistical errors from Results for 150 x 150 bins and cut
GUINEAPIG sample Vs >15TeV

» Error due to parameters smaller
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Luminosity Spectrum with Cross-Section éh

3 T T

5107_ —— Whizard ]

o f —— BHWide ]
T o

m Bhabha cross-section proportional iﬁ,m _ E
to1/s I

m Need Luminosity Spectrum scaled 105;‘ 3
according to cross-section i

m Feed these energy pairs to BHWIDE 100 ey

0 1000 2000 3000

for ISR/FSR and Bhabha-scattering (s [GeV]
Cross-section calculated by WHIzARD
and BHWIDE 7° < 0,+ < 173°, without
luminosity spectrum

CLIC-WS, CERN, Jan. 30, 2013 A. Sailer, S. Poss: Measurement of the Luminosity Spectrum at CLIC 10/22


mailto:andre.philippe.sailer@cern.ch?subject=Measurement of the Luminosity Spectrum at CLIC
http://lcd.web.cern.ch

Luminosity Spectrum with Cross-Section (i)

(2] F T T B
% I —— Bhabha Cross-section

> 1F —— GP Unweighted

> | GP x cross-section

S0 —— GP Weighted

m Bhabha cross-section proportional
to1/s 10%g

m Need Luminosity Spectrum scaled
according to cross-section

m Feed these energy pairs to BHWIDE joell 1 L
for ISR/FSR and Bhabha-scattering 0 1000

PRI B I-
2000 3000
(s [GeV]
Cross-section calculated by WHIzARD

and BHWIDE 7° < 0,+ < 173°, without
luminosity spectrum
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Detector Effects

Particle Energy

50.024————T—————————
= L e'e »e'e,s=3TeV,withyy ]
|-|<J] 0.022F (A E/E)=1.23e-02 ® 2.43e-01 /(E 1
S 1
0.02f 8
0.018F .
0.016f 3
0.014F 3
P> IR S R B
0.012 500 1000 1500

E [GeV]

Angular Resolution (e*, 0 > 7°)

@

8 6ok, T T T ]
5 -
b@
401 B
20F = —
L et T
G- PRI (N SR SR TR S RS S SR T
0 500 1000 1500
E [GeV]

m Full simulation of millions of Bhabha events not feasible, use 4vector smearing

m Detector resolutions obtained with full simulation/reconstruction with
background overlay thanks to J.J. Blaising
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Smeared Observables &[b

Energy of the leptons: Relative CME:

W T T T T T
S F

%1 02 %
103k

10

10°

10°F 3

10-7 [ | | i |
0 500 1000 1500 0 02 04 06 08 1
E [GeV] X=VSaCUI/V Shom

Very large effect on energy, small on relative CME: lower energy precision (higher
background, different calorimeter), high angular precision (low magnetic field
effect, straight tracks)

v/ Sacol sin(61) +sin(62) + sin(6y + 62)
/Snom sin(6;) + sin(62) —sin(61 + 62)’
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Smeared Observables &[b

Energy of the leptons: Relative CME:

Sio2f
Z

© F
10_3§
104k

10|

10°F 3

10-7 [ I I L I
0 500 1000 1500 0 02 04 06 08 1
E [GeV] X=VSaCUI/V Shom

Very large effect on energy, small on relative CME: lower energy precision (higher
background, different calorimeter), high angular precision (low magnetic field
effect, straight tracks)

v/ Sacol sin(61) +sin(62) + sin(6y + 62)
/Snom sin(6;) + sin(62) —sin(61 + 62)’
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Final Fit: All Effects [ i)

> 102 E T T T T T3

m Luminosity spectrum, cross-section % Job — GuineaPig ]
weighting, ISR, FSR, detector F —— Model 3

; 1F T 4
resolutions : —

m Binning 60 x 30 x 30 107~ 3
m 2 Million GP (current number of 10% 7 E
available events, approx. 400fo~") , 103k N
10 Million MODEL 10—43 ;

m Cuton: v/ >1.5TeV, 0 T ;
Ey > 150 GeV, E, > 150 GeV 2 040 veé/w
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Final Fit: All Effects

m Luminosity spectrum, cross-section
weighting, ISR, FSR, detector

resolutions
m Binning 60 x 30 x 30

m 2 Million GP (current number of
available events, approx. 400fb~ ") ,

10 Million MODEL
m Cuton: v/ >1.5TeV,

E; > 150 GeV, E; > 150 GeV
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dN/dx

102 [ T T T T T
t — GuineaPig
L Model
10F 3
1F e 3
-1 i | 1 P 1 1
1005 06 07 o038
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Final Fit: All Effects éh

1025 T T T T
t — GuineaPig

dN/dx

m Luminosity spectrum, cross-section :
weighting, ISR, FSR, detector - Model
resolutions 10

m Binning 60 x 30 x 30 i e

m 2 Million GP (current number of
available events, approx. 400fb~ ") ,
10 Million MODEL _ ]

m Cuton: Vs >1.5TeV, B T S R
E; > 150 GeV, E; > 150 GeV : : \E’/\/T
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Final Fit: All Effects [ i)

0 0.15— T T T ]

m Luminosity spectrum, cross-section % 0 1_ E
weighting, ISR, FSR, detector Sk | \ 1
resolutions %0.055— " HE ’ ]

m Binning 60 x 30 x 30 ok Nﬂ ﬁ it o +++H++ e
m 2 Million GP (current number of o 055_ m ﬁ i e :
available events, approx. 400fb~ ") , F # | W 1
10 Million MODEL 0.1F WW ]

m Cuton: v/ >1.5TeV, o5t e
Ei > 150 GeV, E > 150 GeV 02 04 08 Mgt
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Final Fit: All Effects [ i)

n0.15 T T T T ]
m Luminosity spectrum, cross-section % 0 1_ _
weighting, ISR, FSR, detector Gk H 1
resolutions £0.05F | ﬁm ) Hmﬁ t ]
m Binning 60 x 30 x 30 0-_+ wﬁ Hﬁ i Mﬁ Witk
m 2 Million GP (current number of 0 05; m H
available events, approx. 400fb~ ") , ' _ﬁ
10 Million MODEL -0.1° E
m Cuton: v/ >1.5TeV, '0‘18-'MIHHI'“'I““I' o
5 06 07 08

E; > 150 GeV, E; > 150 GeV
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Final Fit: All Effects Qp

n0.15 T T
m Luminosity spectrum, cross-section :’i_ 01 | 3
weighting, ISR, FSR, detector 5 | [ '
resolutions .05 i’ ' ]
m Binning 60 x 30 x 30 T } .| E
m 2 Million GP (current number of 0.05 l ‘ || h E
available events, approx. 400fb~ ") , ' | i 3
10 Million MODEL -0.1 ' ]
m Cuton: Vs’ >1.5TeV, 015t s i ‘ R
Ei > 150 GeV, E > 150 GeV 9 095 -
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Final Fit: All Effects éh

0 0.15p T T
m Luminosity spectrum, cross-section % 0 1_ E
weighting, ISR, FSR, detector I 1
resolutions £0.05 E
m Binning 60 x 30 x 30 0;++++++* :
m 2 Million GP (current number of -0.05F E
available events, approx. 400fo~") , F ]
10 Million MODEL -0.1- E
m Cuton: Vs >1.5TeV, _0_15(3).9. e 3
E; > 150 GeV, E> > 150 GeV : ' \E/m
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Comparison: Initial vs. Final
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Comparison: Initial vs. Final
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Comparison: Initial vs. Final
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Comparison: Initial vs. Final

00.15
)

& 0.1

Q
gmos [

-0.05

-0.1

-0.15

CLIC-WS, CERN, Jan. 30, 2013

Initial No Smearing Final

I‘ T TT T TT T
4 | 9 { k
ﬂ 1 E b4 E b 3

| | b p

o 1 g
* NH* ﬁ LRI TE | Uﬁ Rk iy | W ﬁ *HW*++*J-?7
! W 1t b ' i : Hﬁ* . I ]
1 4 + ,
. WW R ***W*** S N W* S
02 04 06 o.%/ \/TL 02 04 06 o.%/ \/TL 02 04 06 o.??/ \ITL
N.B.:The GUINEAPIG sample for all these plots is the same.

A. Sailer, S. Poss: Measurement of the Luminosity Spectrum at CLIC 14/22


mailto:andre.philippe.sailer@cern.ch?subject=Measurement of the Luminosity Spectrum at CLIC
http://lcd.web.cern.ch

Comparison: Initial vs. Final ﬂb
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Comparison: Initial vs. Final
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Comparison: Initial vs. Final ﬁb
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Effect on the © mass measurement (I)Lco-Note-2011-018) m
o e —~0~0
mete iR = ptp X
m Fit background subtracted muon energy
distribution to extract smuon and neutralino
mass with
f(Ew; mg,my) = Box x 0(Vs') ® .Z(P) ® ISR ® DetRes
m Fit with all parameters of luminosity

12} —_—, T, o a0
spectrum varied by +o, / 2 individually % 100 i s a4
M 1010.14+ 1.85
Lﬁ 80 M:“: 341,67+ 5.24, 3%/ ndf 25.0 /52
2 L ]
m = L8 Ci : |
ij 60 .
6i = m+i - mfi 40:, ,:
Op,; : ]
—_ (B3P r ]
mﬁ.ff(p—ke,?’) 201 ]
“pi n ]
m_ . =f ( & ) 0 : ‘ ‘
i p—éi 2 0 500 1000 1500 2000

E [GeV]
with the correlation matrix

1 -06 ... —002
c=|[ "°s 1 .. 004
—0.02 004 .. 1
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Effect on the © mass measurement (I1)Lcp-Note-2011-018) m

Results:
m Using our measured spectrum:

mg =(1010.1£1.8(stat) =0.2(par)) GeV,
m, =( 341.7 +£5.2(stat) £ 0.2(par)) GeV

Conclusion:
m With this result the luminosity spectrum measurement has no significant effect
on i /x mass measurements
m Have code to do the fit in hand, will study this measurement with respect to
the spread of our results
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Inltlal Fit: Parameter Dependence on Binning
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Initial Fit:Parameter Dependence on Binning 17

m Vary number of bins from 50 x 50 to 200 x 200

m Sorted by y?/ndf

m 3 Million GP, 10 Million MODEL

m Constant number of events, i.e., lower number of events per bin

m Some parameters show strong dependence on binning, some show
(anti)correlation also seen in correlation matrix

m There is a bias in the reconstruction of the parameters, but we do not know
the ‘real’ parameters of the spectrum

m Currently ‘running’™ 15000 Fits to find least biasing binning based on MODEL
to MODEL fits, where we know the real parameters

*or waiting for them to run
CLIC-WS, CERN, Jan. 30, 2013 A. Sailer, S. Poss: Measurement of the Luminosity Spectrum at CLIC 18/22
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Parameter Dependence on Binning (No Smearing) &[b
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Parameter Dependence on Binning (W/ Smearing)

x2ndf [

+

Preac 55
ozsf

o2

P,
g

0265

L |

- T
N
1 %‘r

Obgal =
booff = T

HT

] ]
o4 % T E n{
3 odr
O E| 1
qimn saf—

n,

ooy
o

osdsf

CLIC-WS, CERN, Jan. 30, 2013

A. Sailer, S. Poss: Measurement of the Luminosity Spectrum at CLIC

é

20/22


mailto:andre.philippe.sailer@cern.ch?subject=Measurement of the Luminosity Spectrum at CLIC
http://lcd.web.cern.ch

Parameter Dependence on Binning AR

m Vary number of bins from 10 x 10 x 10 to 80 x 50 x 50

m Sorted by y?/ndf

m Some of the binnings fail to result in converging fit

m Constant number of events, i.e., lower number of events per bin

m Some parameters show strong dependence on binning, some show
(anti)correlation also seen in correlation matrix

m A minimum number of bins is necessary for proper reconstruction

m There is a bias in the reconstruction of the parameters, but we do not know
the ’real’ parameters of the spectrum

m With current CPU power we cannot systematically evaluate a least biasing
result, because it would take 150 times longer to do the same study as is
currently running for the initial state fit
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Summary/Conclusion/Outlook AN

m Have modelled the CLIC luminosity spectrum
m Implemented sophisticated reconstruction procedure

m Systematically studied impact of reconstruction
» Still some issue with description of the width of peak region
» There is some dependence on the binning
» When choosing the right binning, adding effects does not worsen reconstruction
» Reconstruction within 5% down to 0.5./Snom
m Two more quick studies for completion (submitting < 200 batchjobs):
» Have larger GUINEAPIG sample, will study dependence on number of events
(1.0ab~ ", 1.5ab~ 1, 2.0ab")
» Study impact of Luminosity Spectrum on Smuon pair-production measurements
m Other applications of reconstructed spectrum are welcome! (3 TeV only for
now)
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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
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Beam-Energy Spread Function [ i)

Particle energy distribution from
accelerator simulation

" geam-!fngrgy Spread: | ith §500:— . Eneréy sprelad I .

eta-distribution convoluted wit = B Fit + 99% C.L. :

Gauss 400F J

Xmax 300: _:

BES(x):/ b(t)Gauss(x —1)dt . ]

o 200f E

m 5 parameters, including min. and g ]

max. of beta-distribution range 100 B

l%2/ndf=764/195 o AP P R RPN R
-0.004-0.002 0 0.002 0.004

x=AE/Eg,, .,
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CLIC-WS, CERN, Jan. 30, 2013

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
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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 400f

m Peak Region: Both particles with

E > 0.995FEgeam g
m Arms Region: Only one of the 200:‘

particles with E > 0.995Egeam 1001
m Both can be fit with a

beta-distribution convoluted with a 0

(i

Particle energy distribution from the
GUINEAPIG simulation

500

dN/dx

300f

N
g

— Energ;y sprelad in Peak 3

I Fit + 99% C.L.

— Energy spread in Arms ‘

E=Fit + 99% C.L.

Gauss (keeping Xmin, Xmax, and o

fixed)
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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

2
some particles gm E — Particle Energy '
Fitting the particle Energy Spectrum © 10F 3
m Upper bound of 0.995,/Snom, ] 8 ]
because of impact of beam-energy ~ _ﬁ._N_w,_w—»f“”
spread (Particle energy is w0 ' ]
convolution of Beamstrahlung and
beam-energy spread effect) 102F 3
m Single Beta-Distribution not enough A
to describe full range of particle 10702

04 06 08 1
energies x=Particle Energy/EBeam
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 AR

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

E — Particle Energy

[ — 1 Beta-Distribution

E 2 Beta-Distributions J
3 Beta-Distributions _~"

m Potentially large loss of energy for
some particles

Fitting the particle Energy Spectrum
m Upper bound of 0.995,/Snom,

—_
T

because of impact of beam-energy 1071?} '

spread (Particle energy is 102k ]

convolution of Beamstrahlung and g E

bt'aam—energy tspr.ead. effect) 103 .012. . '0i4' . .016. . 'oisl . % .
m Single Beta-Distribution not enough x=Particle Energy/E__

to describe full range of particle

energies NEW:

. Using proper normalisation
m Keep small number of parameters: f0.995\/% _

Limit to 0.5,/shom and a single 0
beta-distribution (limited a; > 0.0),
but can extend

CLIC-WS, CERN, Jan. 30, 2013 A. Sailer, S. Poss: Measurement of the Luminosity Spectrum at CLIC 29/22


mailto:andre.philippe.sailer@cern.ch?subject=Measurement of the Luminosity Spectrum at CLIC
http://lcd.web.cern.ch

Beamstrahlung AR

m Second contribution to luminosity
spectrum is energy loss due to

Beamstrahlung = 10%E T T T
] S [ — Particle Energy
m Potentially large loss of energy for Z [ — 1 Beta-Distribution ]
some particles 10? 2 Beta-Distributions /3
. ) i 3 Beta-Distributions .~
Fitting the particle Energy Spectrum 11 Ry E
m Upper bound of 0.995./Smom, ; ]
because of impact of beam-energy 10
spread (Particle energy is 102k ]
convolution of Beamstrahlung and
beam-energy spread effect ] N T S S I
, gy spread ) 10 "02 04_ 06 08 1
m Single Beta-Distribution not enough x=Particle Energy/E__
to describe full range of particle
energies NEW:

. Using proper normalisation
m Keep small number of parameters: f0.995\/% _

Limit to 0.5,/shom and a single 0
beta-distribution (limited a; > 0.0),
but can extend
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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 T
m f(x) =) piCheb;(x) 5000¢
I 4000
m But C
» 5 Parameters 3000;
» 10 Parameters r
» 26 Parameters: 2/ndf = 668/173 2000
1000

G 1 1

-0.004-0.002
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Fitting with Chebyshev Polynomials

m Fitting with Chebyshev polynomials
would avoid trouble of MODEL

description T

m f(x) =) piChebj(x) 5000
' 4000f

m But F
» 5 Parameters 3000;

» 10 Parameters r

» 26 Parameters: y2/ndf = 668/173  2000f

» 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
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