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Background: Who am 17

@ Native of Kansas
@ PhD student at Univ. Kansas

@ Currently work with Graham
Wilson on next generation
colliders

@ Focus on ILC so far

@ Previously worked on
Astroparticle physics and
Aerospace Engineering




Broad Outline

What am | doing today?
Work towards precision /s and
beam energy measurements —
More detail[1]

Why?

Need to measure energies,
particles precisely as well as
monitor beams and luminosity
How?

Dimuons in tracker and
Bhabhas in ECAL

How? Pt. 2

Writing software and doing
analysis (GP2X)[2]

Al Artist's depiction of ee — ()



Outline of GP2X

e GP2X (GuineaPig++ to X)

e X is an event generator and GuineaPig++[3] does beam collision
simulation

o Written in ROOT (C++ in future?)

@ Consider the Algorithm Diagram:

Event Generator ' . " Beam Dynamics
(KKWIC etc) GP2X Algorithm Flow Simulator (GP=+)

Convert to GP2X Run with accelerator
friendly format parameters

Run with grid of CoM Get energy
values dependent Xsection

Comverteventsto | © ,
GP2X friendly format B Load data info GP2X
E Get random
generator event
Get random beam
event

Detector Smearing

Apply beam boost to Energy Rescale
event




Outline of GP2X

e GP2X (GuineaPig++ to X)

e X is an event generator and GuineaPig++[3] does beam collision
simulation

o Written in ROOT (C++ in future?)

e Cut this into sections!

Event Generator ] : . Beam Dynamics
(KKMC etc.) \ GP2X Algorithm Flow r Simulator (GP=+)
2) S -
- -~ 1)
Run with grid of CoM Get energy Convert to GP2X Run with accelerator
values dependent Xsection \ friendly format parameters

B S e e N — oS

Conventevenisto | L) o oo arax
GP2X friendly format
. ‘ I Get random
\_-/ . ¥ generator event /.——
- ~

Get random beam Detector Smearing E
\ T
—— s — .

event
Apply beam boost to
event Energy Rescale -I.)




GP2X 1) GuineaPig++

@ Use to simulate events for the “initial state” i.e. “ee” ILC250 Luminosity Spectra from gp++

after beamstrahlung etc. % E
3 25000~
8 C
@ Beam Energy Spread (BES) OFF , handled by GP2X H n
g 20000~
~ - s
8 £
LA 5 F
&l o 3 10000/~
KRNy § F
- - 5000—
Beamstrahlung E
A S T T I I I .
%3 2aa 245 246 247 248 249 250 251
o HOW? 5[GeV]

@ Give GuineaPig an input card and then run GuineaPig

numerous times on computing cluster

@ Take output lumi.ee.out file and convert to format
GP2X can use

o Note: /s spectra!




GP2X 2) , Event Generator

@ Use to simulate events for the
final state e.g. puu(y)
@ Do with /s grid to get a sample
with all possible /s
@ Important: All events done with
5 degree (¢) acceptance
@ Generators used so far:
o KKMC (LHE)
o WHIZARD3 (LHE)
o BHWIDE (LHE)
@ Output LHE so LHE to ROOT
TTree converter needed to use
with GP2X!

e Important: Get o(4/s), will need
later

¥s Gridding

245 24505

XSection [pb]

2451 24515 2452 24525 2453 24535 2454 24

KKMC pp XSection Near 250 GeV

V5 (GeV]

45 2455

I | [
242 244 246 248 250 252

254
V51GeV]



GP2X 3) , Pairing Initial and Final

@ Have: Initial database and final

Overview of types of multidimensional random sampling

database
abas o . e ..
@ Want: Convolved database * . ¢ 9 . s|®
[ ] [ ]
e s . ® @
o Need: Pair initial and final state | . . %] o ®
by /s * . oo o
° Randomly from bOth database? random sampling  cxponential samnpling dynamic parameters
L ] ®
| ~ 100k 202
o Really slow! ~ +22¢  O(a*N?), . .
a =~ 4 here
[ ] [ ]
@ Use fitting and /s grid to . .
construct Fltted Orthogonal Latin hypercube sampling  orthogonal LHS

Sampling (FOS) to randomly
sample both at once

@ Much faster , = % , O(aN)



GP2X 4) , Do physics (and then write)

@ Have: Paired database @ Xsection — fit event generator o'(1/s) and then

@ Want: Convolved database reweight

@ Need: Boost final state, Gaussian BES, rescaling, fold @ Detector — Smear using parametric model of ILD

0,
in Xsection and detector effects tracker or 18% ERes ECAL

DiMuon Energy at Monte Carlo Level vs. Detector Level

a0g
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i
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003 Fd_rf
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@ Energy Rescale — 2nd Order NR Method

N N
YE =Y R
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i=

Normalized Bin Count
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20 ibuon Energy (G
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Center of Mass From DiMuons

o Why: DiMuons can be Example from iLCSoft fitted using
measured well in tracker, crystal ball function
. . . Fit of V?P Using 6 Parameter CBall
kinematically simple I Sl

@ Issue: Beamstrahlung, ISR, FSR
complicate things

o First Step: Derive solution that

works in limit of massless 3rd =
N
body, () Or frgemo(geﬁguégwc Look similar!
@ Extensive work here [1] S,
T
H . _ 2 2 E g
flnds.\/? =E .+ /Euu M;W - H K&
. E e L
@ Where /5, is momentum based 7 3
timate of \/> i *,
estimate of /s —




Center of Mass From DiMuons

Overlay them ...

very similar
Check that iLCSoft and GP2X agree in future
Issue: Look at CBall fit mean , it is many o off of 250!

CBall doesn't fit mean well?
Detector Level |s, Using KKMC, GP2X
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A Better Fit?

Want: Fit that can separate
(and fit) peak well

How: Convolution Fits
Today: Show beta convolved fit

Following example of CIRCE [4]
use beta distribution convolved
with Gaussian:

F(x, o, B,0) = [xP711 = x)* 716 (x — 1, 0)dx

With x = ¥* and fraction of
Gaussian, fpeak, have 5
parameters

1 less parameter than before!

Fit from GP2X /5, at MC level
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What about Beam Energies?

e Why: Monitor beam @ x? of both supports the fixed

— X\
o — \
s &

0.19013 +1- 000053 %
= 125.00000000000 GeV.
- 0380 +-0029

@ How: Derive relationship in limit hypothesis
of colinear photon @ o also matches design BES for
@ Result: ILC250
- _1 - :
E; = 5(Eu +py) @ Potential issue: uncertainty on «
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Fitting Bhabhas at MC Level

BHWIDE+GP2X Electron beam energy
MC Inferred Electron Beam Energy

ot avial
$= 02201+ 00084
018956 +1-0.00049%
= 125.0015 +-0.0015 Gev wrat- marss |
, = 0104057 I

@ Why: Xsection
Bhabha = 2200 pb while
DiMuon ~ 5 pb

PN
@ Issue: Bhabha prefers small ngma "}y/ N
7 N

e

angles, ECAL measured \:

o Use BHWIDE, WHIZARD event
generators
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Fitting Bhabhas at Detector Level

@ As with DiMuons the detector @ Need:
level fitting is WIP @ Determine Bhabhas that can be
o WHIZARD-+GP2X measured well in tracker

Detector Center of Mass ys,
T T

@ Incorporate detector into fitting

E 90000[= a = 10.0000 +/- 0.0041 =
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Fits Summarized in Table

Results using ILC250 and ILD at MC level and 1M

Samples

Metric

g at 100 fo " (2 ab ") [GeV]

Fit, True o [GeV]

XSection (ph)

Pol. (¢= , ")

KKMC /5, 250.016 + 0.003 (0.0007) 0.414 , 0.303 5.28 £ 0.05 No
KKMC L, 124.988 £ 0.004 (0.0009) 0.237 , 0.238
KKMC B 124.982 + 0.003 (0.0007) 0.192, 0.188

BHWIDE /s, 0.413 , 0.303 2313 £ 15 No

BHWIDE £,

125.002 & 0.0001 (0.00002)

0.237 , 0.238

BIWIDE EF

(
(
250.063 £ 0.0001 (0.00003)
(
(

124.999 + 0.0001 (0.00002)

0.188 , 0.188

WHIZARD ppe /5,

250.093 + 0.007 (0.002)

0.415 , 0.303

5.91 + 0.04

(-0.8,10.3)

WHIZARD pp B

125.012 + 0.001 (0.0003)

0.235 , 0.238

WIITZARD i EF

124.998 + 0.003 (0.0006)

0.188 | 0.188

WHIZARD ee /5,

250.087 + 0.0001 (0.00003)

0.407 , 0.303

2270 + 20

(-0.8,10.3)

WIHIZARD ee ;-

125.001 + 0.00007 (0.00001)

0.235, 0.238

WHIZARD ee E,

124.999 + 0.0001 (0.00004)

0.188 , 0.188

BES is fit well in all beam metrics
Spread in /5, does not match simple Gaussian spread of Et+E-
Precision in Eg maybe “too good” , need work on validation
Need work on precision calibration for tracker and ECAL




Future Work

Integration with event generators

Incorporate detector in fits

Model ISR in fit so it can be monitored
Investigate other /s

Work on precision tracker and ECAL calibration
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