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International Linear Collider Project I
« 250 GeV e*e collidor for Higgs factory

* linear collider for next generation
20km—30km—50km

* precision measurement for Higgs etc.

about 20 km
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International Large Detector I

O Large Detector used at the ILC
» vertex detector
 tracker(TPC)
 high-resolution calorimeter etc.

O Particle Flow Algorithm(PFA)

Particle Flow Algorithm jet energy measurement PFA \
_ _ using only calorimeter
a method using the optimum detector Y| e =
depending on types and energy of particles el $Z* . .&bm
| H - e ;j;*?*-

charged particles — Tracker - -~ i O [t

photons — ECAL Sty @ﬁ% s E&'ﬂr\
neutral hadrons — HCAL Ejer = Eccar + Eneal Ejer = Exrack +E, + E,
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Introduction

« Improving Kinematic Fit

e purposes and reasons

« about Kinematic Fit
« definition of chi-square
« calculation process
« MarlinKinfit, a library for Kinematic Fit
« Kinematic Constraint

* idea of improving Kinematic Fit
« new definition of chi-square
« example for my process (ee—ZH—vvbb)
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Outl | ne [ Evaluating the Higgs coupling precision
purposes : i i
using the ee->ZH->vvbb process at the
 to apply Kinematic Fit for parameters with non Gaussian ILC ]
resolution on the analysis at the ILC . statistical error: 20zHBRubb) _ 9103

: . : : ) C L. : ozH'BRHbD
 to develop Kinematic Fit to introduce non Gaussian distribution * b quark jet:

as Soft Constraint asymmetrical energy resolution
reason —>kinemat_ic fit for |
asymmetrical energy resolution

.

.
"

250 GeV
... ee—ZH-vvbb

« example of quantity with non Gaussian resolution: b jet energy

« example of Soft Constraint
« mass of Z boson ( Breit-Wigner distribution)
« decline in E_, because of ISR or beam-beam effect

« Conventional Kinematic Fit assumes only Gaussian
distribution.

to introduce Kinematic Fit using general distribution
process
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Recovering neutrinos in jets: E;

* Di-jet energy: E;

Di-jet Energy REC « confirm recovering energy of neutrinos
ZH->v,v,bb.v.v,bb in jets using Monte Carlo information
— Entries 39013
0.08—
- final state: v vbb
0.07—
= non recovery
0.06—
n.nsf— _ _
- half energy of neutrinos recoveret
0.04—
0.03:— .
= full energy of neutrinos recovered
0.02—
DmE_ It is difficult to recover all energy of neutrinos
E J in jets.
0 — ST e - Asymmetrical jet energy resolution cannot be

applied to conventional Kinematic.
—new Kinematic Fit
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M2

Solution

Kinematic Fit

Starting
point

« a means of bringing physical parameters obtained from measurec( »/ &z
values close to true values :

* impose kinematic constraint (E? = p? + m? etc.) among parameters when
calculating parameters from measured values and their resolution

1. add following constraints to Fit Object(y?)
« Hard Constraint: fixed relation among parameters(2nd term)
 Soft Constraint: assume distribution among parameters(3 term)

2. decide parameters by calculating numerically extreme problems
of total Y  (Vaxk=0,d=479)

y:measured value, 7j:parameter for measured, V:covariance matrix, 5 . parameter for unmeasured
K L N 2
T > 2 - - — - - - gl (n' g)
x5 (41,8) =@ —MDVIG — 1) +2 2 A hie(77,€) + Z ( -
k=1 9

=1

l

P »
< »

Fit Object(y?) Hard Constraint Soft Constraint
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MarlnKinfit

* a library for Kinematic Fit

- uses Newton's method for chi-square minimization y2
y(X) — 0> yl(xv)(xv _ xv+1) — y(xV)

 Both Hard Constraint + Soft Constraint are available.

* following problems

« Soft Constraint: assuming Gaussian distribution, not general distribution
 Fit Object : can use only when measured values follow Gaussian distribution

y:measured value, rj:parameter for measured, V:covariance matrix, ¢: parameter for unmeasured

K L 5 22\ 2
BAAY =G-NVIG =D +2 ) i) + ) (gl("’ 5))
k=1

=i\

P »
< »

Fit Object(x?) Hard Constraint Soft Constraint
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Constraint

m Higgshasshic - final state: v vbb
2 F Entries 74331
aoooui—
500003—
400002— ¢ rH<0013[GeV]
sooon;— F ‘
200002—
moonf— — .
105 Ll b b b e b L L MH_) Hard Constralnt
00 105 110 115 120 125 130 135 140 1&5H [Ge\wﬁo Y,
ZMassMC
- _ ZH-?v"v"bb,v‘vlbb
2 o 201 7
B StdDev  5.362 —
3 . ,~2.5][GeV]
3000
25002—
20002— ‘
1500?—
moof— . . .
M. — Soft Breit-Wigner Constraint
%;' e T e e e a2 %0
M, [GeV]
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Improving Kinematic Fit

conventional Kinematic Fit

« MarlinKinfit is not correct when measured values doesn’t follow Gaussian distribution.
K

g1

L . 2
BAAE =G -DVIG =D +2 ) Aehi(,8) + ) (gl(a"’S?))
k=1 =1

iIdea of improving Kinematic Fit

 redefine chi-square to apply following cases using log-likelihood(f, s;: p.d.f.)
» Fit Object: measured values doesn’t follow Gaussian distribution
« Soft Constraint: non Gaussian.constraint

2019/9/26

K L
1(#,8) = G | 80 | [.€)
k=1 =1

deform this formula corresponding to format of conventional yz

B8 = —2InfG ) + zzzk e(7,€) - zzmsl(n £)

«— »

Fit Object Hard Constramt Soft Constramt

reproduce conventional yZ when p.d.f. is Gaussian distribution
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Example for ee—ZH—Vvvbb
K L
GOAE =2 f@GD+2 ) Ahe(8) =2 ) Insy(7,§)
k=1 =1

. Ei-Ej
E;—E; nE.
S P
NE. . .
e i 0. — 0. . — b
2InfGi7) = z —21n n ( i l) n (d)l ¢l) Fit Object
= NE; 06, O¢;
=0
Gumbel distribution _
1 x—u %ﬂ h( g’) [pvls + Dis = pcm]
- e
G(x; ,u,n)—ﬁe n Myis = My
Diet Energy REC Hard Constraint for momentum conservation and Higgs mass
& 0‘045; Em\rzi\e’g-w‘,?:ﬂ
3 L
= L 2 1
v —2 Z In sl(n,f) = In
= =1 mis Z
N e Soft Breit-Wigner constraint
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Summary

* to introduce general distribution to Kinematic Fit
* b jet energy resolution is asymmetric.
« Conventional Kinematic Fit assume only Gaussian distribution
» Kinematic Fit
- impose kinematic constraint and V;x? = 0
« Conventional Kinematic Fit cannot be applied to following cases.

» Fit Object: measured values doesn’t follow Gaussian distribution
« Soft Constraint: non Gaussian constraint

 redefine as log-likelihood

K L
B =2 fGMN +2 ) Ache(i8) =2 ) Ins(5.§)
_ k=1 y < 1=1 .

Fit Object Hard Constraint Soft Constraint

* solve Vx4 = 0 using Newton method and improve kinematic fit to introduce non Gaussian
distribution
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additional
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Kinematic Constraint

HiggsMassMC
- - vvH->vvbb
+ M,, —Hard Constraint (M,=125 [GeV ok
E Std Dev 0
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= b b v b b b b b br b g i
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7 rel igner o0 onstrain . T,
= = Entries 39013
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M. —Soft Constraint

ZMassMC ° %%lljiﬁug\ ‘iv Vbb («: BEAEE

vvH->vvbb
2 C Entries 74331
2 so000— Mean 88.84
. - StdDev  11.08
sl - Za—htU/D « [,~2.5[GeV](PDG2019)
saoof- L= =ldve Vo v,
_ —WW-fusion(Z & V) | « Breit-Wigners,#i— Soft Breit-Wigner Constraint
g BW#A © 9 11
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