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To study theoretical errors in the top mass determination.

o We rely only upon full generators in order to determine the
theoretical uncertainties (we ignore problems related to
mass renormalons, MC mass definitions, etc.)

e We determine the errors by fitting “pseudo” (generated by
us) data with different generators, and extracting the
generator mass parameter.

o We study three observables:

@ invariant mass of the top decay products;

@ b-jet energy peak (Franceschini etal, 2015);

@ lepton energy spectrum (Kawabata etal, 2014) — just
started!
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JANN

WARNING

ALL VERY
PRELIMINARY!!!



We have:

compared three NLO+PS generators:
hvq, ttb_NLO_dec, b_bbar_41.

o studied the effect of scale variations in the ttb_NLO_dec
and b_bbar_41 generators.

o studied the ay sensitivity of the results in the b_bbar_41
generator.

o studied the PDF error in the b_bbar_41 generators.

@ performed an initial study of hadronization uncertainties by
comparing two shower generators: Pythia8 and Herwig?7.



NLO+PS generators

@ hvq: (Frixione,Nason,Ridolfi, 2007), the first POWHEG
implementation of ¢f production.
NLO corrections only in production. Events with on-shell ¢ and ¢
are produced, and then “deformed” into off-shell events with
decays, with a probability proportional to the corresponding tree
level matrix element with off-shell effects and decays.
Radiation in decays is only generated by the shower.

@ ttb_NLO_dec: (Campbell etal, 2014) Full spin correlations, exact
NLO corrections in production and decay in the zero width
approximation.

Off shell effects implemented via a reweighting method, such that
the LO cross section includes exactly all tree level off-shell effects.

@ b bbar 41:(Jezo etal, 2016) Full NLO with off shell effects for
pp — bbet v~ v, As presented in Tom4s’s talk.
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MW —bj

We take myy_; as a proxy for all top-mass sensitive observables
that rely upon the mass of the decay products.

Experimental effects are simply represented as a smearing of
this distribution.

Here we will show results with no smearing, and with a
Gaussian smearing with o = 15 GeV.



MW —bj

We take myy_; as a proxy for all top-mass sensitive observables
that rely upon the mass of the decay products.

Experimental effects are simply represented as a smearing of
this distribution.

Here we will show results with no smearing, and with a
Gaussian smearing with o = 15 GeV.

We look for:

o Effects that displace the peak. These constitute an
irreducible error on the extraction of the mass.

o Effects that affect the shape of the peak in a wide region.
These will affect the mass determination if the
experimental smearing is included.



MW —bj

W — bj is defined in the following way:
o Jets are defined using the anti-ky algorithm with R = 0.5.
The b/b jet is defined as the jet containing the hardest b/b.
o W= is defined as the hardest [+ paired with the hardest
matching neutrino.
o The W — bj system is obtained by matching a W/~ with
a b/b jet (i.e. we assume we know the sign of the b).



Comparison of hvqg, ttb NLO dec and b_bbar 41

MW —pj with m;=172.5 GeV

et bbd+PY8 |
1 tt_dec+PY8 ||
4 hog+PY8

do /dmy —y; [pb/GeV]

ratio with bb4(+PY8
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Peak not appreciably displaced; b_bbar_41-hvq shape
differences.



Comparison of hvqg, ttb NLO dec and b_bbar 41

do /dmyy—; [pb/GeV]
=

0.3 Bl ,l,/=172.758 ]
 ny-=172.690

0.2F . o o,=172.736 |7
1 bbar+PY8

0.1 H~F tt_dec+PY8
H-+ hvg+PY8

[)-{)7“2.0 17‘2.2 17"2.—1 lTé.G 17"2.8 17\"5.() 17%5.2 1713‘-1

MW b [GeV]

Polynomial fit to get peak position. No smearing. Negligible

displacement.
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Comparison of hvqg, ttb NLO dec and b_bbar 41

0,16V b with m;=172.5 GeV, smearing=15.0 GeV

0.14}

1
=
o

o

=)

)
T

 n,=172.644 [
 nyo=172.469
] mn-,,,j=172.078 1

- bb4l+PY8

do [dmyy _y; [Pb/GeV]
o
=

e

(=]

>
T

0.04F H~F tt_dec+PY8
- hog+PY8
0.02 ; L ; I 1 -
160 165 170 175 180 185

my—_y; [GeV]

Smearing: hvq and b_bbar_41 differ by 566 MeV!



NLO-PS comparison summary

o Without smearing, negligible differences in peak position.
o With smearing:

e b_bbar 41 and ttb_NLO_dec display minor differences.
e hvq displays substantial differences.

Since the hvq implementation is in many ways two, we do not
plan to use it to estimate the errors.



Scale variations in b_bbar_41

Dynamic scales choice:
p=E-El ET = /p+|pr?

Scale variations in myy_;, for m=172.5 GeV
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Scale variations inttb_NLO_dec

Scale varlat|ons |n myw—_jp for m=172.5 GeV
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ttb_NLO_dec: no appreciable scale variation effects. Why?
(needs further study).
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Scale variations: impact on extracted m;, no smearing

o Scale variations in myy_; for m;=172.5 GeV

myy _y;=172.758 | |
myw_,=172.733
myw_,;=172.787

0.4+ —
|
|
. nw_,;=172.719
L
L
.

do /dmyy—y; [pb/GeV]

my_y,;=172.702 ||
myy_;=172.803
myy_y;=172.841

0.2

17‘2.2 17‘2.4 17‘246 172.8 17:'540 17&3.2
My —; [GeV]

Difference between the minimum and the maximum: 139 MeV...



Scale variations: impact on extracted m;, smearing

0.16 Scale variations in myy_y; for m;=172.5 GeV, smearing=15.0 GeV

0.08 myy _y;=172.644
myy _;=172.581

myy_,;=172.701 | |

do /dmy_; [Pb/GeV]
o
R

myy _y;=172.550
0.04} miy;=172.507 ||

my_y;=172.765

myy_y;=172.854
0.02

160 165 170 175 180 185
MW b [GeV]

. and it becomes 347 MeV for 15 GeV smearing.
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Reconstructed top mass for ak05 using bb4(+PY8, smearing=15.0 GeV
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16?69

Since my and myy_p; are strongly correlated, we find a
comparable spread: 347 MeV in my,_s; corresponding to an
uncertanty of +0.144 , —0.220 GeV on m.

[m] [ - =




Scale variations: Summary

@ Scale variations in b_bbar_41: f;éé MeV impact on mass
determination.

@ Scale variations in ttb_NLO_dec: negligible effect.
(Needs further study).
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Scale variations: Summary

@ Scale variations in b_bbar_41: %% MeV impact on mass

determination.

@ Scale variations in ttb_NLO_dec: negligible effect.
(Needs further study).

Consider that:

@ Scale variations in POWHEG behave as a factor that only
depends upon the underlying Born kinematics.
Thus, they don’t affect radiation.
@ Suitable scale variation in the radiation procedure should
also be considered, since it may affect the B-jet shape.
A change in the value of «; does affect radiation. Thus, a study
on ag dependency may also give some indication on the
sensitivity to B-jet shape uncertainties.
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as dependence

This study cannot be performed using reweighting, if we want

also to consider the effect of changing ag in radiation.

do /dmy —y; [pb/GeV]

ag = 115/ag = 121

0.7
0.6
0.5
0.4

ag dependence in myy_;; for m;=172.5 GeV

T as(Mz)=0.121]
e ax(My)=0.115 ||

160 170 180 190 200
my—_y; [GeV]
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as dependence

as dependence arises only from the different structure of the

b-jet.
- dependence in myy_, for m=172.5 GeV 0,16 0 dependence in my ., for mi=172.5 Ge\, smearing=15.0 GeV
7 6
P N
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The displacement given by a difference in g of the 5% is 81
MeV without smearing, 110 MeV with a 15 GeV smearing.
(Small but irreducible!)



PDF dependence

Varying the PDF, even if smearing is applied, there is no
significant displacement of the peak

Pdif variations in myy_; for m=172.5 GeV, smearing=15.0 GeV
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0.16 Pdf variations in iy, for m=172.5 GeV, smearing=15.0 GeV.
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Because of this, the only effect from the PDF choice is the value
of a5 (because it affects the b-jet shape).



Shower Uncertainties: Herwig7 and Pythia8

MW —bj with mf=1725 GeV
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Marked differences in distributions.



Shower Uncertainties: Herwig7 and Pythia8

My —pj with m;=172.5 GeV
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do /dmy—; [pb/GeV]
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Small difference in mass peak (150 MeV)



Shower Uncertainties: Herwig7 and Pythia8

myw—y; With m=172.5 GeV, smearing=15.0 GeV
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After smearing, larger mass difference (435 MeV).
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Mass extraction example. Herwig7 vs. Pythia8

Reconstructed top mass for ak05 using bb4¢, smearing=15.0 GeV
176

m=172.33
175H mmm m,=172.80
W it bb4(+PY8
M fit bb4(+HE7

Ju—
=~
Ny

E o o bbae+PYS

S, Lo = bbal+HE7 I

5 -
2

]

[e]

5

16 ! ! ! ! ! !
%GQ 170 171 172 173 174 175 176
my input [GeV]

Assuming that we measure myyp, = 172.5 GeV, the extracted
mass differs by 470 MeV.



Large difference in shape: is the closeness of the peak position
accidental? Try different cone sizes:

akog for myy_y; for m=172.5 GeV ak07 for myy_y; for m=172.5 GeV
55 ] I B H : 0.45
0.55 f X : ) 74’{!,4-— e
[ : : : : : 0.40
: f : : Lx |5 /
A fr "\& o 0.35
; : ; ; ; ; ) i
] ; ; ; * 8
L= : . : N
i[— bae+PY8 = 025 — W4(+PY8
| = bba+HE7 ") — bb4(+HE7
- _,=171.537 0.20 - ny,=174.077
0.25 - v,;=171.639 — y_,;=173.980
0.20 : ; i 0.15
170.5 171.0 171.5 172.0 172.5 173.0 1725 173.0 173.5 174.0 174.5 175.0 175.5
myy_y,; [GeV] my - [GeV]

Difference: -0.102 GeV and +0.097 GeV for R = 0.3 and 0.7.
The peak abscissas stay close even if the shape is different! (e.g.
the Pythia8 maximum is ~ 0.1 pb higer than Herwig7 one).



Summary:

Pythia8 Herwig7

R 0.3 0.5 0.7 0.3 0.5 0.7
o=0 | 171.537 | 172.758 | 174.099 | 171.639 | 172.908 | 173.980
o =15 | 169.083 | 172.644 | 176.049 | 168.916 | 172.209 | 175.644

@ If we apply smearing, the displacement is:
e 0.167 MeV for R =0.3;
e 0.435 MeV for R =0.5;
e 0.385 MeV for R =0.7.

@ Comparable displacement for R > 0.5, while the difference
becomes smaller for R = 0.3.
Pythia 8
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Summary of Shower comparison

Large differences in shape in Herwig7-Pythia8 comparison.
Peak position with smearing differs by 470 MeV.

The peak position with no smearing very close for all the
tested R values; with smearing differences ~ 0.5 GeV for
R >0.5,~0.2 GeV for R =0.3.

Further variation of Shower part must be considered!!!

Must find ways to further constrain B-jet shape that leads
to bigger variations when smearing is applied.
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Summary and prospects

@ b_bbar 41 and ttb_NLO dec give similar results for central
scales.
hvq very different (discarded).
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Summary and prospects

b_bbar 41 and ttb_NLO dec give similar results for central
scales.
hvq very different (discarded).

Scale variation effects seem important as far as the
b_bbar_41 generator is concerned (T35 MeV). We see no
scale variation effects in the ttb_NLO_dec (to be
understood).

We need a method to estimate scale variation effects in
radiation (especially for b radiation)

Sensitivity to PDF’s seems mostly due to the ag value.

Indication of large uncertainties IN SHAPE from shower
model, probably due to differences in b-jet modeling. Must
find a way to constrain this differences from data.
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B-jet energy
peak
position
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b-jet energy peaks (R. Franceschini et al.)

o At LO, in the top frame

m%%—m%—m%‘/

By =

2mt

o In the lab frame the lepton is boosted: the spectrum
stretches out but the peak position doesn’t change.

o If we go beyond LO and we add hadronization effects, the
relation becomes more complicated but for small variation
of m; the peak position is given by

Eb:A+B'mt

with A and B to be determined via MC simulations.



do 1 . . .
o We use Tlog(By) By fit the peak with a gaussian.

0035 b-jet energy spectrum with m;=172.5 GeV

— fit
0.030F - Ebj=73-019 1
0.0251 W bb4e+PY8
0.020

=
T

do[dlog(Ey;/GeV)/Ey;

=
T

0.005 -

0.000 i i i i i " :
30 35 40 45 50 55 60 65 0

0.
log(Eyj)

e No smearing has been applied (for the moment).

e Event selection cuts: ph > 20 GeV, |nf| < 2.4,
m(et,u~) > 12 GeV, pi¥ > 30 GeV, %] < 2.5.



Mass extraction from FEj: NLO-PS comparison

E,; peak for ak05 using py8 shower

-1

<t

my = 172.712
mm m = 173.099
I my = 174.041
W it bb4(+PY8
W fit 7 _dec+PY8
B it hug+PY8 ‘
730 bbae+PY8 1
Tt dec+PY8
+ - hvg+PY8

E,; output [GeV]

_'(] I I I i I
60 170 11 12 173 14 15 176
my input [GeV]

Huge differences hvq, not negligible differences between
b_bbar_41 and ttb_NLO_dec (387 MeV).



Scale dependence in ttb_NLO_dec and b_bbar_41

b_bbar_41:
@ central: 73.019 GeV
@ min: pup = pur = 2u, 72.898 GeV

@ max: up = uR = %,u,, 73.193
GeV

@ max-min: AFEy; =0.295 GeV

ttb_NLO_dec:
@ central: 72.826 GeV
@ min: up = pr = %u, 72.697 GeV
@ max: up = ur = 2u, 72.891 GeV
@ max-min: AE; =0.194 GeV

0.040

0.035

0.005

0.000

—nnna

0.035

b-jet energy spectrum with m,=172.5 GeV

Tr e

73.019, jip = 1. pp = o
72.997, e = i = 21

78102, ju = jt.p1p = 1/2

o pr =t

R = 20,5 =2
73141, = 1/2pe o = 1

73193, jip = 120, 1r = 1/2u

r=1/2

2 r = p
72.891, ju = 21, = 2
72740, g = 1/ 2. =

72,697, jun = /24, 1 = /24




Scale dependence in ttb_NLO_dec and b_bbar_41

E,; peak for ak05 using py8 shower: scale variations

PTE
my = 172.7125923%

my = 173.0997) 3%

{0 fit bba+PY8

B fit tf dec+PY8

Ey; output [GeV]

@ b_bbar_41:

170 171 172
my input [GeV]

AEy; =295 MeV = dm; =563 MeV = 1.91AE;
@ ttb_NLO_dec: AEy; =194 MeV = dm; =364 MeV = 1.88AFy;

= The error on the extracted mass increases by a factor ~ 2

Indeed Eé: o

2 2

w

2mt



as dependence in b_bbar_41

Different « influences the emissions from the b quark and thus
the energy peak of the B-jet.

E,; peaks for m;=172.5 GeV and bb4(+PY8

0.035

0.030

0.005
0.000
=-0.005

2.0

= 3 j
= " 0.010 F-z#
|15 — . (M7)=0.121
3 — 0, (M7)=0.115
L

g - . 5,=72.764
3 05 0.000 - 5,=73.064
N (7.('” — —0.005

35 10 15 50 55 60 65 7.0 36 38 40 12 44 46 18 50

log(Ey;/GeV') log( By /GeV)

A 5% variation of g leads to AFj,;=300 MeV, that roughly
corresponds to 600 MeV uncertainty on m;.



Mass extraction from FEj : Shower uncertainties

E,; output [GeV]

69

E,; peak for ak05 using bb4l

169

Different of B-jet shapes lead a displacement of 2.7 GeV!



If we vary the radius size for m; = 172.5, we find the following

Ey; peak positions

R=03 R=0.5 R=0.7
Pythia8 | 66.483 GeV | 73.019 GeV | 79.745 GeV
Herwig7 | 65.576 GeV | 71.553 GeV | 78.719 GeV
AEy; 0.907 GeV | 1.466 GeV | 1.026 GeV

), peaks for m=172.5 GeV and ak03 0.035

E; peaks for m=172.5 GeV and ak05

E;; peaks for m=172.5 GeV and ak07

£ 0.025

2 4

— bi1(+PY8 < biE+PY8 — b1(+PY8
— liirsHETs203 || € 001 — hiHETs2d3 (] S — UbIE+HET+203
—),-66.483 - 5,=73.019 - ,-79.745
- F,=65.576 W F,=71.553 . E,=78.719
0.0 -
a6 s 5 38 10 42 L1 16 15 50 36 385 10 42 dd is
log(Eyy/GeV) log(Eyy/GeV')

10 42
log(Ey;/GeV')

Smaller differences for R = 0.3 and R = 0.7 (that will

correspond to dm; ~ 2 GeV between Pythia8 and Herwig?7).

— Why does R = 0.5 have the bigger displacement?
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Summary and prospects

@ b_bbar_41 and ttb_NLO_dec comparison shows a
displacement of 370 MeV, hvq very different (discarded).
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Summary and prospects
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e Scale variation effects seem important: for b_bbar_41 F233

-330
MeV, for ttb_NLO_dec 7233 MeV.
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Summary and prospects

@ b_bbar_41 and ttb_NLO_dec comparison shows a
displacement of 370 MeV, hvq very different (discarded).

@ Scale variation effects seem important: for b_bbar_41 fggg

MeV, for ttb_NLO_dec 7233 MeV.

@ Sensitivity to the g value: varying from a,(Mz)=0.121 to
as(Mz)=0.115, we expect dm; ~ 0.6 GeV.

o Indication of large uncertainties from shower model,
probably due to differences in b-jet modeling. Must find a
way to constrain this differences from data.

Uncertainties on the extracted m; using [,; peak bigger than
using myy_p; due to major sensitivity on b-jet structure.
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Weight function method, Kawabata et al.

Method for reconstructing the parent particle mass using only lepton
energy distribution that works if I' < m:

@ for different values of m, compute Dy(E;m), the normalized
lepton energy distribution in the rest frame of the parent particle
with mass m;

@ compute a weight function given by

1
Eng(p)

with p = log(E,;/E) and f an odd function of p, like

f (p) = ntanh(np) / cosh(np)

© construct a weighted integral I(m) using the lepton energy
distribution D(E) in a laboratory frame

W(E¢;m) = /dEDO(E;m)

1m) = [ dBD(E)W(Bim):

@ obtain the zero of I(m) as the reconstructed mass:

I(m =m"™) =0.



e We checked this method for I'; = 1072 GeV using LO
events generated with b_bbar_41.

e At LO the analytic expression of Dy(E;m) for I'y = 0 is
known, so we can compare it with the simulation.

Iepton spectrum i th LopMCLIh rame wih m=171.0 Gev.2 Normaized pton spectum i e Lo MLt Fame Wi =175 5 G 2

,,,,,,

e We build W (E;; m) using both the analytic Dy(E;m) and
the histogram obtained from the simulation.




e We compute I(m) for m = {169.5,171.0,172.5,174.0,175.5}
using D(Ey) evaluated at m; = 172.5 GeV.

Weighted Integrals using d0 analytic and Diab with m,=172.5 GeV 1

Weighted Integrals using Dtop and Diab with m,=172.5 GeV 2 1
= n=2 )
n=3 n=3
= n=5 . =5
e n=8 e n=8
= e
3 £
]
169 170 1 2 1 174 175 176 169.5 1710 1725 1740 1755
e [Gev] m (Gev)

@ We vary m; and we get the following reconstructed top
mass

fit using DO analytic and I\, = 107 Gev.
1

fit using Dtop and ', = 107 GeV
3
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@ We evaluated the effect of finite I';: Do (F;m)acquires a tail and the
reconstructed mass is bigger than the input m+

Normalized lepton spectrum in the top-MCtruth frame with m,=174.0 Gev_1 it using Dtop I ~1.0 GeV.

— analytic
b_bbar-LO

o dofoE, (Gev']
m, Output (GeV)

; ) T N s
E, [GeV] m, Input [GeV]
rec input
@ We found m*®® — m; ~ I
PRI VS T, W =710 GOV PRI VS T, wth 17535 GoV

m, output - input [GeV]

e output - input (GeV]

Fit y = A+ Bz: dependence on f but not on mtEL

8]
I
i
it

Qe
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Since A =~ 0 and B doesn’t depend on m; one can solve

mreC =my —+ B- Pt(mt) ‘

to find my.

The error on m,; is then given by

AmTec — \/0.% + (O-B . Ft<mt))2 + 2UAB . I‘t(mt) ~ 0.1 GeV.

A finite width introduces a new error in the determination
of my.

TODO: validate this approach at NLO.

TODO: estimate the impact of the shower: is the lepton
spectrum really independent on it?
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Interface with PS

@ No standard interface for multiple emissions, usually radiation in
resonance decays remains unrestricted.

@ We can leave it unrestricted and then veto the event if the
radiation from the resonances is harder than the one generated
by POWHEG BOX.
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Interface with PS

@ No standard interface for multiple emissions, usually radiation in
resonance decays remains unrestricted.

@ We can leave it unrestricted and then veto the event if the
radiation from the resonances is harder than the one generated
by POWHEG BOX.

v' Pythia8 is pp-ordered:
we have to look for the first emission of ‘g §
each top direct son. @
V' Herwig7 is angular ordered: g g &éﬁ
we need to inspect all the top decay @ §

chain.

@ Pythia8 provides its own mechanism for vetoing radiation from
resonance decay, invoking a function that returns the scale given
by the user for vetoing radiation in decay: good agreement with
both veto procedures.
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Implementation of the veto in Herwig?

@ hardness definition in case of radiation from b quarks in ¢ decay is

E
2, Pst = 2py ~ng—‘Z = 2E§(1 — cosbyg)
with p, and pg in the ¢t frame.
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@ We need the search the hardest emissions originated from b and g
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Implementation of the veto in Herwig?

@ hardness definition in case of radiation from b quarks in ¢ decay is
Po
E,
2, Pst = 2py, - pg—- B =2F? 5 (1 — cosbhg)
with p, and pg in the ¢t frame.
@ We need the search the hardest emissions originated from b and g

- the hardest emission takes place in the hardest line;
- all the emission before the hardest must be soft, power
suppression if the soft particle is not a gluon;
v bottom: follow the fermion line,
E
% § Sty = max (Qp;, -ng—i);
V' gluon: follow the hardest line and stop when
W%W%( g = 44. Stg = max (2p1 bz E2+E2>’ with p1
the momenta of partons emitted by the gluon in
the t frame.

@ If Pst < max(Sts, Stg), the event is reshowered.



