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Top electroweak coupling

The top quark mass is comparable with the electroweak symmetry breaking
scale. One can speculate that top quark plays a special role for the EWSB, in

such composite models. Therefore top quark electroweak coupling is a good

probe of new physics.
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Matrix element method

The most efficient method when all the kinematics can be reconstructed.

- Result of previous study shows that the 10 form factors can be fitted

simultaneously at less than a percent precision.

Statistical uncertainties and correlation with the SM LO as normalization

Kheim, E.K. Kurihara, Le Diberder: arXiv:1503:04247
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This result is at parton level ignoring the detector effect, ISR and so on.

->More realistic study is required !
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Setting of this study

Sample

The top pair production di-muonic state; tt —» bbu*u~vv at y/s = 500 GeV
Situation

v" The hadronization of b and b quark

v" The detector effect (the ILD full simulation)

x ISR and beamsstrahlung

x gluon emission from top quark

x yy =2 hadrons background
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Topics

b-jet reconstruction

« Thrust axis method
* Deviation of energy of b-jet

Kinematical reconstruction of top quark

« Strategy
« x“ algorithm

Fit of the form factor with matrix element method

« Status report
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1. b-jet reconstruction

Kinematics of b-jets :
» Direction is used for kinematical reconstruction of top quark
> Energy is just used to select optimal solution

(The detail will be described in a later slide.)

Sub-topics
« Thrust axis method for reconstruction of direction of b-jets

« Deviation of energy of b-jets
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Thrust axis method

@ Collect all hadronized particles from b and b quark and photons from

isolated leptons in the ILC frame

@ Boost them to their rest frame and calculate thrust axis in this frame

(defined as the BB frame in this slide)
3 Boost the vectors along thrust axis to the ILC' frame

(ILC' frame : the frame in which head-on-collision occurs)

@ @ ©
ILC frame BB frame ILC' frame

/
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Comparison two method

The figure shows the §,,, the angle between truth direction of b-quark

and reconstructed direction.
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Two methods produce almost same precision for direction of b-quark.

—>We select the thrust axis method so far.
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Deviation of energy of b-jet
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Deviation of energy of b-jet
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To estimate the b-jet energy resolution we use multiple Crystal Ball

functions for fitting.
N exp (—‘32_“) 3 —L£ > —«

202 o

N-A-(B-=£), Z=E<—a

CB(x|la,n,p, o) = {

We use ajetE,f with two parameters gj., and X instead of o
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Kinematical reconstruction

Strategy of the kinematical reconstruction

There are 8 unknown kinematics in this state

(= the momenta of two neutrinos and energy of b-jets)

The precision of energy of b-jets is not enough for kinematical reconstruction
Impose 8 constraints (= initial state constraints and m;, mg, my,+, my,-)

—> Solutions are obtained in terms of (8, ¢;) (= (O;, Pe, My, mg, My, +, Myy-))

It is not unique solution since the equation is nonlinear. Furthermore an

ambiguity of b-charge remains. > Typically 4 solutions per event.

Select optimal solution

Compare energy of b-quarks between reconstructed and measured.
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x* algorithm #1

1. Define the y;} ;

2
E ut (0t,¢t,mt,mf,mw+ my-) -m,+/ 2)

2 _ .2 2 2 _
u_

The energy of u* in the W¥ rest frame, E i+, must be equal to my,+/2 and it can be
written by six parameters (6¢, ¢, me, mg, my,+, my,-).

2. Define the 62:
5 2logia - 2log, 1= CB(ESS ~ EJ<(0, 0y mimy )

Although the energy of b quarks can be only poorly measured, we can eliminate b-

charge ambiguity by comparing the measured energy to the reconstructed energy.
3. Compound xio. i X = Xii + 63

One minimizes the y%, to obtain optimal solution in terms of (8, ¢, m, mg, Myy+, Myy-).
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x* algorithm #2

We used the reconstructed direction of b-jets as constant.
- Add 4 angles (8, ¢3,, 65, ¢5) for the fitting parameters

- Add constraints of 4 angles (8, ¢, 05, d5) to xi as below;

er)neas. — 0, 2
2 2 2 2 2 2

. . o -+ + 4+ , =
Xdirection XBb qub Xé?b qub Xﬁb ( O.[le?neas.] )
(X, X6.) X5, are same as x3,)

2 r .2 2
(Xtot.) = Xtot. T Xdirection

Then we can use (x4, )’ instead of y&,..
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Kinematical reconstruction : Results

Reconstructed particles are used in terms of helicity angles for fit form factors:

cos B, oS By +, Py +, €08 B,+, P+, COS By, Pyy—, COS By— , P

eg.) cos b, eg.) ¢y+,rec. - gb,u"',truth
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The ratio of wrong assignment of b-quark is only 2.1 % !

BUT we use truth values as seeds for minimization for now.
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Status of the 10 form factors fit

Apq -0.0067 + 0.0082

Apy 0.035 £ 0.017

Aps -0.056 + 0.012

Ap4 0.035 £ 0.018

Aps -0.022 + 0.026

Are 0.042 + 0.045 (Preliminary)

Apy -0.0081 + 0.015 5000 events, after cut on the yZ,. to
Apg 0.010 + 0.032 keep ~83% of the events.

Arqg 0.013 £+ 0.024

Ar10 -0.010 + 0.022

Some small biases are observed (eg. Ag3) at few percent level
- No show stopper yet !!!

- Should be corrected by accounting for detector effects in |M|?
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Summary and Plan for LCWS

Matrix element method is the most efficient method when all the

kinematics can be reconstructed.

Thrust axis method produced almost the same precision for direction

of b-jets as jet clustering.

All kinematics of this state are obtained with a good accuracy from

kinematical reconstruction.

Although there are small biases, the hadronization and detector effect

don’t affect for fit of form factors too match.

Plan to fit 1 form factor instead of 10 and assess it using forward

backward asymmetry of top quark.
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Kinematical constraints

In the W rest frame, the energy of isolated lepton is equal to my, /2

(with ignoring ISR and bremsstrahlung)
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Measurements of b-quark energies

To select a right solution, we can use the measurement of b-jets energy.

(Because this figure is at parton level, the 7 doesn't make sense.)
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ILD Analysis/Software Meeting 18



Miss combination of b-quarks

When we use the anti-b direction for the top reconstruction, the

measurements of energy of b-jets excludes this combination.
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Flow of analysis

Reconstruction of two muons
Reconstruction of two b-jets

Thrust axis method

Jet clustering (LCFIPIus)
Kinematical reconstruction of top quark

Fit of the form factors with matrix element method
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