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Bird’s Eye View of the ILC Accelerator 2
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Complementary to the Large Nano-beam collisions

Hadron Collider (LHC)
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Detectors

/~20 km 0

i High gradient o

world highest gradient as with super-
conducting cavities = 31.5 MV/m

beam cuurent = 5.8 mA

High resolution high
granularity detector

e+, e- Main Linac

Energy : 125GeV + 125GeV
Length : 5.5km + 5.5km

e-: 80% e+: 30% polarization
# of DRFS Klystron: ~220 total

Tunnel Layout Plan for a Japanese Mountain Site

Cryomodules housing # of Cryomodules : ~900 total
Super Cond. Cavities # of Cavities : ~8000 total
Expecting the Japanese government to express its official view

on the ILC project in February 2020



International Large Detector (ILD) |

A detector concept for the ILC

designed for
Particle Flow Analysis (PFA)

~ 3 = Vertex Detector (VTX) -> Heavy Flavor ID

Time Projection Chamber (TPC) -> Charged Particle:
e L0 L '. @» Electromagnetic Calorimeter (ECAL) -> Photons
= Hadron Calorimeter (HCAL) -> Neutral Hadrons

Muon Detector -> Muons

Large ILD model (IDR-L) Small ILD model (IDR-S)

TPC outer radius: 180 cm TPC outer radius: 146 cm
B Field ~3.5T B Field ~4T




Introduction

Detector Benchmark Motivation

Primary Target of ILC 250: to precisely measure the coupling constants
between Higgs boson and various other particles

-> For this, we need to precisely calibrate energy scales for various
particles.

e In this talk, we focus on photon energy calibration and jet energy
calibration (additionally), using the eTe™ — yZ process.

Photon Energy Scale Calibration  Jet Energy Scale Calibration
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Introduction

Detector Benchmark Motivation

Pri tant
bzll;niz Energy can be reconstructed CHSHILS
> For thilusing measgred (.hrection. of yand p-, W}, us
particles. |or (v and 2 jets) information.

e In this talk, we focus on phpton energy calibrs
calibration (additionally), Using the eTe™ — v

and jet energy

Photon Energy Scale Calibration  Jet Energy Scale §alibration
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Photon Energy Reconstruction Method

et @ ¢ 4-momentum conservation 1s
signal photon  considered.
M- e The mass of muon 1s neglected.
~ e Several reconstruction methods
e b+ (Method A, B, C) are considered.

e Consider Beamstrahlung and
Direction Angle
0: polar angle
¢: azimuthal angle

Method A: Using Only Angles
USing (OH_96M+96Y9(PH_9(PH—I—D(PY) -> Determine (Eu'»Equ»Ev»EISR)

( E,+E,++ E, +|Prsr| =500

E, sinb,cos¢, + B, +sinb, +coso,+ + Esinbcosop, + —
E, sib,sing, + £, +stnb 1+ sing,+ + £y sinf,sing, =0

E,cos0,, + E, +cosl,+ + E.cos0, = |Prsg| =0

Beam Crossing Angle (=2 a)
ISR photon = additional unseen photon — 7.0 mrad




Reconstruction Method

Method I3, C: Also using Muons’ Energies
Using (0u-,0ut,0y,0u-,0ut,¢y,Ep-, Eyt) -> Determine (Ey,Eisr)

® Method 5: Energy and Pz Conservation
E,u —+ Elu+ -+ l?7 -+ ’PISR‘ = 500

E,cos0, + E,+cos0,+ + E,cos0,%|Prsg|cosa = 0
Need to decide Pisr.

® Method C: Energy and Py Conservation
E,+E++ Ey,+|Prsr| =500

E, sinb,sing, + E, +sinb +sing, + + E.sinb, sing, = 0

This is of no use when sin0y, or sin@,=0 ??
However, photon energy can be determined without calculating Pisg.



Simulation Setup

Full simulation (ILCSOFT version
v02-00-02)
Event generation by Whizard 1.95
with beamstrahlung and additional
ISR photon eftects

Geant4 based full simulation of 2

realistic detector models IDR-L
and IDR-S

realistic event reconstruction from
detector signals

Signal sample: ete— — yZ,7 — 1+1—
Ecwm of ete— 1s 500 GeV.

e+\\M®

A

. Z

Two detector models IDR-L and IDR-S are compared.



Event Selection

Signatures of the signal events:
uTu pair (inv. mass ~Z boson) + one energetic isolated photon

In order to pick up our required process, following cuts are applied.

Stepl: Select events with two 1solated muons.
-> 3 types of events remain:

o+ u- o+ u- o+ ~on-shell -
Z'[r* Z Y

g g g

e- Y e Y & r

M(p+ur) ~ GeV M(u+y) ~ GeV  M(u+u) ~ O GeV
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Event Selection

Step2:

Require invariant mass of

two muons M(u+u—) to
satisty

IM(utu—) —91.21 < 10 GeV

Step3:

Demand events to have one

1solated photon with more
than 50 GeV

Entries/GeV
o S
o o
o o

MCTruth Energy of Photon

2500

1000

500

I_ ILD preliminary

100 1

50 200 250
Energy (GeV)
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Method Comparison

Samples:

E_E(MCtruth)
E(vctruth) Of PhOtOIl IM{u#1)-91.2] < 10 GeV

Large ILD model

1 500 Method A Entries 13758

1000

500

02  -0.1 0 01 02
E—Epctruth) of Photon

E(MCtruth)
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Method Comparison

Samples:

E_E(MC'truth)
E(vctruth) Of PhOtOll IM{u#1)-91.2] < 10 GeV

Large ILD model

1 500 Method A Entries 13758

Method C is the best for now due to

it’s peak height and shape (symmetry).
500

02 -0 0 01 02
E—Epctruth) of Photon

E(MCtruth)
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Method Comparison

E_E(MC’truth)

E(MC’t'r'uth)

of Photon

Samples:
IM(u+u)-91.2| < 10 GeV
Large ILD model

1500 Method A

Entries

13758

Method C is the best for now due to
it’s peak height and shape (symmetry).

500 |;

1

Rename Method C to “Ang. Method”
and use this below.

- 20.2 —0.1

0 0.1

0.2

E—Epctruth) of Photon

E(MCtruth)




14

Demonstration of the Validity of Ang. Method

Sigma of (E-Eyc)/Eyc

dependence on |cos, | dependence on @,
O T 1 O T | '
%IJ'\“ ILD preliminary z:g :g:-; %J ILD preliminary zig :gg-;
= 0.025F . Ang. Method IDR-L] . 0-025[ . Ang. Method IDR-L.
5 * +  Ang. Method IDR-S| (3) 5 +  Ang. Method IDR-S|
L1'J' 0.02 - Ll._l 0.02 |- * -
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O 02 04 06 0.8 1 —2 0 2
|

0

T

lcos0,

lcosOyl <0.95 w40 < ¢y | < 397/40
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Calibration of the Measured Energy

* Itis shown that the PFO has large dependence on |cosb, |.

@) r+r 1+ 1 rrr1rrrrrr1
= 7008 ILD preliminary
= . _
. | - —> PFO energy data is divided
L 002 1 .
! - into 20 groups by the value of
S - - |cosb, |.
c 0 01'_ PFO IDR-L ~ . . _
S | - Calibration is performed by
(D) | = Ang. Method IDR-L
= _ _ each value range of |cos6, |.
O + v 8t 1 ' P B I
L | PR R T TR TR TR N TR T A ' |

0 02 04 06 08 1
Icos@ﬂ

Calibration Factor (Hy) = Mean EAng_Method(Hy)/Mean Epro (Hy)
Calibrated PFO Energy = PFO Energy X Calibration Factor (Hy)
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Calibration Result

Comparison of (E-Ey;c)/Eyc among Mean of (E-Eyc)/Eyc dependence on E,

PFO, calibrated PFO, and Ang. Method

(,)30000 ey rr IR DR I B B B % I";DI T 1 |II T 11 [T rrrr 1
I - _ t . Ang. Method - - preliminary
qc) ILD preliminary | ng. Hetho L] 0.06 - . Ang. Method
> PFO S
L] _ | =2 PFO _
20000 |- * Calibrated PFO_|  LLl 0 04| Calibrated PFO
L ! \LI_J/>-
_ S 0.02} -
' | -
10000 |- | 1 8
2 O — —_— r————— e
0 _-—' - _.L_.._-.-.ﬂw_l_‘h._a_ f;lian.l_.l....a...- _002 - IS T SIS S NI I N .
-0.2 -0.1 0 0.1 0.2 50 100 150 200 250

(E -E/)E" E, [GeV]



Calibration Result

« [he calibration procedure removes the

17

Ca . . > on K
pdl overall bias in the raw PFO photon energy. !
630000 A S aEnaas BT S PSASRARSARSREARSRSS
s ILD preliminary § ~ ~"9 Methed IJ\J>O opf - oA Ang. Method
3 PFO S oro
- | | = . -
20000 - Callbrated PRO ) 1Ll 0 04 |- - Calibrated PFO
: ! \U_Jj- -
_ S 0.02f -
10000 | 7 § I
- !!;:i_."'!_!i 2 O — =*=I=’==i=|—h—l-':l=—-
- J5 NS 002
0.2 —0.1 0 0.1 0.2 50 100 150 200 250

E, [GeV]



Ey Scale Uncertainty
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* E, Scale Uncertainty = \/ (PFO Uncertainty)? + (Ang. Method Uncertainty)?

Sigma of (E-Ey)/Eyc dependence on E;

0.04 —

——— —
ILD preliminary : %)
PFO IDR-L 1 =
B - PFO IDR-S | =
. Ang. Method IDR-L{ 2
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| | &
=T 1%
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. E|« It is concluded that the photon energy scale
uncertainty is less than 100 MeV
when the energy of photon IS > 120 GeV

Ey Scale Uncertainty

| 100
ILD prellmlnary : %) :
PFO IDR-L I g 30
- PFO IDR-S |
. Ang. Method IDR-L - ..E’
A i -S-
l Ang. Method IDR | § 60
l —4— - 8
c 40
> I
| m |
| @ 207
— =lp |
A B N 1 =~ 0
150 200 250 L
E, [GeV]

ILD prellminary ?
«IDR-L

= IDR-S |
—— -
—— -
——
——t— -
c a1
150 200 250

E, [GeV]
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Jet Energy Reconstruction

Based on 4-momentum conservation

(VP m3y + /Py +miy + [Py + [Prsg| = 500

Pjisinb j1cos¢ 1 + Prasind jacosg o + Pysinfycosp + | Prsr|sina = 500sina
Prisinb j1sing g1 + Pyasinb jasing jo + Pysinfysing, =0

PjicosO 1 + Pyacosl yo + Pcost,£|Prsr|cosa =0

/"

\

Beam Crossing Angle =2a : a = 7.0 mrad
ISR photon = additional unseen photon
Signal sample: ete— — y+ 2Jets

On-shell Z is not required. Jet Mass Distribution
350 —
e* ~—— P 4 u
"“-p’"‘ﬁ 300|—
! Jet] 2502
/ Z < 200\7
e - Not necessarily Jet2 oL
on-shell -
Direction Angle 1001
6: polar angle 5%

¢: azimuthal angle

O 50 100 150 200 250 300
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Reconstruction Method

Method : Consider ISR and solve the full equation
Using (0;1,052,0y,011,052,0y,my1,my2) -> Determine (Pji1,Pj2,Py,Pisr)

4 4
P2 +m?%, + /P2 +m2, + |P,| + | Prsr] _500
sinfyicosp s sinb jacosdp o sinbcosd- 00 — \PISR\ Szna)

sinfji1sing 1 sindjasing o sind.,sing, PJ2

\PISR|00304

cost 11 cost jo cost.,

Matrix A ————— —Tnverse

Inserting Pjy1,Pj2,Pyinto the first equation
-> 8 Possible Solutions!
4: Quartic Equation of |Pisr| X 2: sign of ISR

* Choose real and positive solutions
* Solved Py close to the measured P,



Result 2

300 —r r r r 1 r r1i | | 1 T ]
_ Relative Error of || — PFO _
_ Jet Energy
— Reconctructed
200 -
100 |- | -
O MWJ | hh——__n

—1 —0.5 0 0.5 1 Relative Error



Result :

: Relative Error of L
200 ~ Jet Energy -|_ PFO -
: — Reconctruct;d
150 ] -
100 |
1 Reconstructed
has less
relative error
than PFO.

0, 0.1 0.2 Relative Error
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Conclusion

The methods to calibrate photon energy using e*e- -> yZ process are studied.

Among the kinematical reconstruction methods studied, the Ang. Method 1s
found to be the best due to 1ts good resolution and its symmetric response.

The resolution of the photon energy kinematically reconstructed by the Ang.
Method 1s better than that of the PFO photon energy for |cosfy| <0.95 and

/40 < |@y | < 397/40. We have hence shown that in this region, PFO photon
energy can be calibrated using Ang. Method.

It 1s concluded that the photon energy scale uncertainty 1s less than 100 MeV
for photon energy > 120 GeV.

The methods to calibrate jet energy using ete- -> yZ process are being

studied.
Kinematical reconstruction methods studied has better resolution than the
measured.



Backup
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Invariant mass distribution of the n—u* of Large
1LD model samples ( e"Le*R polarization)

M(u*w) distribution

60000

40000

Entries/2.5 GeV

20000

0
0

ILD preliminary

Generated

.Selected

100 200 300 400 500
Energy (GeV)

After the Stepl
Event Selection
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Jet Energy Reconstruction

Based on 4-momentum conservation

e*
(B w3, /o +ml, + Py + [ Prsal = 500 T
Pjisinf j1cos¢ g1 + Prasind jocos¢ jo + Pysinfycosp + |Prsr|sina = 500sina
Pj1sinb j1sing g1 + Pyasinb j2sitng o2 + Pysinb., sing, = 0
| Pricosl 1 + Pjacost yo + Pycosl,£|Prsr|cosa =0 o

Beam Crossing Angle =2a : a = 7.0 mrad

e ISR photon = additional unseen photon ePirelction ‘Tngle
e Several reconstruction methods (Method 1, 27, 2,and 3) are . ZZ:,L::; :ng,e

considered.

Method 1: Ignore ISR
USing (eJl,6J2,ey,(PJ1,(PJZ,(Py,mJl,mD) -> Determine (PJI,PJZ,P”}/)

VP +m + /Pl +m7, + | Py| =500
sinfl j1cosp 1 sindjacosd e sind.cosg. 500sina
sinfyi1sind 1 sindjasind o sinb. sing, — 0
cost 11 cost jo cosf. 0

Matrix A —————  Inverse
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Jet Energy Reconstruction

Method 2°: Ignore ISR and use smeared Py
Using (051,052,0y,011,012,0y,my1,my,Py) -> Determine (Pj1,P2)

{ (sinﬁjlcosgb,ﬂ Sinﬁjgcosgbjg> (PJ1> B (5003ina — sinﬁvcosqb,va)

sinf jisind 1 sinb jasind o ) \ Po —sinf. sing-, P,

Method 2: Consider ISR and use smeared P,
Using (051,012,0y,011,012,0y,my1,my2,Py) -> Determine (Pj1,Pjy2,Pisr)

sinf j18tng 1 sinb josing jo 0 = —s5ind. sing~ P,
cost j1 cost jo +chsa —cost, P,

Matrix A

sinf jicosp 1 sinbjocosdje  sina 5003ina3in97003(b7P7)

Inverse

2 solutions for each sign of Pisr
-> choose the best answer which satisfies (| ) better
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Jet Energy Reconstruction

Method 3: Consider ISR and solve the full equation
Using (0;1,052,0y,011,052,0y,my1,my2) -> Determine (Pji1,Pj2,Py,Pisr)

4 4
P2 +m?%, + /P2 +m2, + |P,| + | Prsr] _500
sinfyicosp s sinb jacosdp o sinbcosd- 00 — \PISR\ Szna)

sinfji1sing 1 sindjasing o sind.,sing, PJ2
cost 11 cost jo cost.,

\PISR|00304

Matrix A ————— —Tnverse

Inserting Pjy1,Pj2,Pyinto the first equation
-> 8 Possible Solutions!
4: Quartic Equation of |Pisr| X 2: sign of ISR




Met

hod Comparison Result

. | I I | | I | | —
300 . Relative Error of || — PFO i
_ Jet Energy o Method ! _

ethod 2
Method 22 -
i — Method 3 _
200 =

—1 -0.5 - 0 05 1 Relative Error



Method Comparison Result’

- | | [ 1

- Relative Error of — PFO

" Jet Energy — Method 1 -
200 Method 2 -

' Method 22

- — Method 3 .
150 ] -

: ] :
100 | :

0.1 0.2 Relative Error



Method Comparison Result

— PFO
— Method 1

200 — Method 2
Method 3 has less relative error than PFO.

150

Relative Error of
Jet Energy

Method 2 and
Method 22 have

100

some bias.

02 -01 O 0.1 0.2 Relative Error



Method Comparison Result

If using MCtrue photon energy as input,

PFO photon E as 1nput MC photon E as 1nput

— PFO 1 i — PFO i
- -|_ — Method 1 - - -|_ — Method 1 -
200 F — Method 2 - 200 — Method2 -
i Method 22 ] , i Method 22 7
I — Method 3 I — Method 3
150 F - 150}

100 ¢ 100}

50| 50|

%2 01 0 o1 o2 %2
Biases in Method 2 and 22 disappeared.



Method Comparison Result

If using MCtrue photon energy as input,

FO photon E as 1nput MC photon E as 1nput

— PFO — PFO
— Method 1 - — Method 1 -
200 | — Method 2 - 200 | — Method2 -
i Method 22 ] , i Method 22 7
— Method 3 I — Method 3

¥Biases are due to bias on PFO photon energy:.!
100 T I 100f i '

50 F ' . 50 F

= "E=m =z - _! = -
ill— o | = | = —|-I:: L1 1

-0.2 -0.1 0 0.1 0.2 -0.2 -0.1 0 0.1 0.2

Biases in Method 2 and 22 disappeared.
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