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Top, precision physics, vacuum stability
» Top mass measurements: issues on the “Monte Carlo Mass”

Pole mass and MS mass

v

v

Perturbative and non-perturbative theoretical errors

» New generators

v

Exploring error sources for m; measurements.
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AG,/G,=5-10""; AMz/Mz=2-10"%;

[ 110 *(Davier et al.; PDG)
Aa(Mz)/o(Mz) = { 3.3 - 10 *(Burkhardt, Pietrzyk)

My can be predicted from the above with high precision, provided
My and Mt (entering radiative corrections) are also known
(and depending on how aggressive is the error on a(Mz)).
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Degrassi et al. 2012
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With current value of M; and My the vacuum is metastable.
No indication of new physics up to the Plank scale from this.
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Degrassi et al. 2012
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The quartic coupling Ay becomes tiny at very high field values,
and may turn negative, leading to vacuum instability.
M; as low as 171 GeV leads to Ay — 0 at the Plank scale.
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» Top mass: fundamental parameter of the Standard Model.
» Ideal measurement: tt production at threshold at eTe™.

» LHC has the opportunity to measure it.
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Lots of methods:

ATLAS Preliminary - m,,, summary - Aug. 2016, L =35 pb™'- 20.3 "

m,, % tot. (stal.+JSF+bJSF £syst)

I+jets* ONEEDIL0% 169.3 + 6.3 (40 sa9)
l+jets Eur. “”Y* o €72 (2012) 2046 1745 + 2.4 (06 =04 23
a\uecs' OONFZD"@?SH 1749 + 43 (21 £38)
a\uets Eur P"V”W[?“‘ﬁ“ﬁ& 1751 + 1.8 (14 +12)
single (cp’ CoN 20t0ss 1722 £ 2.1 (o7 +20)

- ljets Eur. P"Y“ ©75 (2019) 330 1723 + 1.3 (02 =02:07 =10)

adlleplan Eur. ”“Y“ €75 (2015) 330 1738 + 1.4 (o0s 213
> dilepton ﬂvx‘vm’évﬂ%*w ’ 1730 + 0.8 (04 s07)
all jets* CONFED‘;?“ 1738 1.2 (06 =10)
]
\
o) dilepton & Plvsy:J ?bu (2014) 3109 . - . 1720 2
(“4_1 je‘) JHEPm!zmsj 121 » ! o " 173.7 + ;?

...... World Comb. + 16
ATLAS Comb. June 2016 (arxiv:1606.02179)

172.84 + 0.7 O ——— stat. uncertainty

World Comb Mar 2014 (arxiv:1403.4427) ' stat. ® JSF @ bJSF uncertainty
173.34 %, |— ———— total uncertainty

Tevatron Comb Jul. 2014 (arxiv:1407.2682)

174.34+ 0, 54| | | ' I-.-Il 'Prehlminary, —lInput to A;TLAS comb.
160 165 170 I 175 180 185 190
My, [GeV]
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b-jet energy peak
TOP-15-002 (2015)

Lepton+SecVix
PRD 93 (2016) 092006

Dilepton ki

__§~

172.29 + 1.17 + 2.66 GeV

173,68 +0.20 *1-%8 o o Gev

171.70 £ 1.10 *268 5 0 Gev

TOP-16-002 (2016)

Single top enriched
TOP-15-001 (2016)

My,/MAOS observables
TOP-15-008 (2016)

%. 2. %

Lepton+J/¥

% 172.60 £ 0.77 *097 ) oo Gev

172.22£0.16 *088 ) o Gev

173.50 + 3.00 + 0.90 GeV

TOP-15-014 (2016)

Kinematic endpoints

1.7¢
173.90 £0.90 *1:70 , 10 GeV

EPJC 73 (2013) 2494

b hadron lifetime

173.50 + 1.50 + 2.91 GeV

TOP-12-030 (2013)

Dilepton M,
TOP-14-014 53014)

BEST backgrounds
TOP-15-011 (2015)

CMS alternative comb. \
TOP-15-012 (2016)

CMS Run |
PRD 93 (2016) 072004

CMS Run | + Alt. techniques
TOP-15-012 (2016)

- 172.61+ 0.57 + 0.90 GeV

Ak

172,30 £0.32 +1:24 | o Gev
172,58 + 0.21+ 0.72 GeV
172.44 +0.13 + 0.47 GeV

172.43 + 0.13 + 0.46 GeV

160 170

180 190

m, [GeV]

Several methods explored by
CMS (see PAS TOP-15-012).

Notice: they do not increase
precision with respect to

PRD 93 (2016) 072004:

“The top quark mass is mea-
sured using the lepton-jets,
all-jets and dilepton decay
channels, giving values of
172.35 + 0.16(st) == 0.48(sy),
172.32 + 0.25(st) £ 0.59(sy),
172.82 + 0.19(st) =+ 1.22(sy)

GeV respectively.
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Amazingly consistent determinations with different methods.
Most precise technique:

» Semileptonic decays: lepton + missing E; + 4 jets, 2
b-tagged jets.

» Assuming on-shell W the neutrino kinematics can be further
constrained (up to a two-fold ambiguity). Remaining two-fold
ambiguity on b-jets assignment.

» Assuming on-shell W the jet energy scale can be fitted
together with m;.

The apparent consistency and precision of the experimental results
conflicts with several nagging theoretical doubts that are
constantly raised by the theoretical community.
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Top resolution:
~ +15 GeV
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» Generator my,, parameter fitted to an experimentaly defined
myiop , essentially made up of a W and a b-jet.

» Doubts on the relation of this mass parameter the so called
“Monte Carlo” mass to a theoretically well-defined mass

» There is an intrinsic uncertainty in relating the top pole mass
to the top MS mass, due to infrared renormalons, usually
quoted to be few hundred MeV.
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Second objections seems much less severe than thought before.

> In reality, no renormalon ambiguity should be present at all in
top mass determination, since the top width screens soft
emission at a GeV scale.
In other words: if one computed a mass observable with very
high accuracy in the pole mass scheme, one should find a
renomalon that exactly cancels when the pole mass is used to
compute the MS mass.

» Mass renormalon ambiguities seem to be of the order of
100 MeV, rather than the 1 GeV figure advocated by some
authors Beneke, Marquard, Steinhauser, P.N. 2016. No need
to worry about it now.

Notice: Mass renormalon ambiguity is not related to the first
objection.
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Is a severe objection.
How to deal with it:
» Find “golden” observables for which a good answer can be
found.
> Rephrase the problem: rather than “which mass” we should
ask what is the theoretical error in the relation of the
“theoretical” mass to the measured (mass sensitive)
distributions.
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» Butenschoen,Dehnadi,Hoang,Mateu,Preisser,Stewart,2016 Use
jet mass, related via SCET to the top mass and to a
parametrization of non-perturbative effects used in eTe™
shape variables. Theory only available for ete™ production at
the moment. (current top mass determination from highly
boosted top jets has a 10 GeV error, TOP-15-015-pas.pdf)

» Agashe,Franceschini,Kim,Schulze,2016: peak of b-jet energy
insensitive to production dynamics (present error: 2.6 GeV).

» Kawabata,Shimizu,Sumino,Yokoya,2014: shape of lepton
spectrum. Can be related to top mass via a perturbative QCD
calculation. Since the observable does not involve jets, it is
assumed to be calculable with reduced uncertainties.
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» Modern generators for tt production have become available in
recent times:

» MCONLO Frixione,Webber,P.N. and POWHEG Frixione,Ridolfi,P.N.
hvq traditional NLO+PS tt generators. Do not include either
exact spin correlations in decays or radiative corrections in
decays. Routinely used by LHC experiments.

» ttb_NLO_dec Campbell Ellis,Re,P.N.. Includes exact spin
correlations and NLO corrections in decay. Off shell effects
included approximately (in such a way to be LO exact).

» b_bbar_41 Jezo,Lindert,Nason,Oleari,Pozzorini,P.N. 2016
Includes exact NLO matrix element for pp — /7,0v,bb. It uses
a recently introduced method for dealing with (coloured)
narrow resonance in POWHEG.?

LIf you don't know what this is, it means that you missed the presentation
at the 2015 Milan Christmas workshop: “Siil tratamént de resunans str'ett in
di cilcol NLO e in di generatér NLO+PS”
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We (Ferrario-Ravasio,Jezo,Oleari,P.N. are tackling the following
tasks:

>

compare three NLO+PS generators:
hvq, tT_dec, bb4l.

studied the effect of scale variations in the tt_dec and bb4l
generators.

studied the a sensitivity of the results in the bb41 generator.
studied the PDF error in the bb4l generators.

performed an initial study of hadronization uncertainties by
comparing two shower generators: Pythia8 and Herwig7.
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> Theoretical ambiguities should show up if we vary perturbative
parameters and hadronization models.

» We focus upon the pp — I7;0v;bb. When looking at the lepton
spectrum of the b-jet energy, this should not be a limitation.
If we assume that the W can be fully reconstructed, our results will
also imply a lower bound on the error in semileptonic and fully
hadronic tt events, which is our main goal.

» Our most studied mass sensitive observable is the mass of the W),
system with matching signs.

> We look for parameter/setup variations that can lead to a
displacement of the peak in myy, (this leads to an “irreducible”
theoretical error on the top mass extraction).

> We also extract the mass after smearing the peak with a Gaussian,
with half width equal to 15 GeV. This leads to an error that is
related to the experimental resolution on our observable.

> ‘“Irreducible errors” can actually be reduced. Some parameter/setup

variations may be constrainable by data.
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» hvq: (Frixione,Nason,Ridolfi, 2007), the first POWHEG
implementation of tf production.
NLO corrections only in production. Events with on-shell t 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.

> tt_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.

> bb4l:(JeZo etal, 2016) Full NLO with off shell effects for
pp — bbetvep~ 1, As presented in Tomas's talk.
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Invariant mass
of top decay
products

My —pj



We take myy,_j; 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:

» Effects that displace the peak. These constitute an irreducible

error on the extraction of the mass.

» Effects that affect the shape of the peak in a wide region.
These will affect the mass determination if the experimental
smearing is included.
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W — bj is defined in the following way:
> Jets are defined using the anti-k7 algorithm with R = 0.5.
The b/b jet is defined as the jet containing the hardest b/b.

» W= is defined as the hardest /* paired with the hardest
matching neutrino.

» 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).
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dU’/dmw_bj [pb/GeV]

ratio with bb4¢+PY8

Peak not appreciably displaced; bb41-hvq shape differences.

. iy With m,=172.5 GeV
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07 Mw—pj with mt=1 72.5 GeV
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Polynomial fit to get peak position. No smearing. Negligible
displacement.
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0,16V b with m;=172.5 GeV, smearing=15.0 GeV
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Smearing: hvq and bb41l differ by 566 MeV!
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If the b-jet is required to have
pt > 30,50 GeV and |n| < 2.5,
do we find a better agreement?
Not by much:

bb4l/hvq: 0.426 — 0.397
bb4l/tt_dec 0.111 — 0.096

.17 2t least one biet pr > 30 GeV. |s| < 2.5, smearing=15.0 GeV
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If we require both b-jets to have p; > 30,50 GeV and || < 2.5 in
order to suppress Wt background? Not many differences...

0.11
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jet pr > 30 GeV, [y < 2.5, smearing=15.0 GeV
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. muy_y; with m=172.5 GeV at LO+PS my_y; with m,=172.5 GeV at NLO+PS
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T0.15 s s st
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Around the peak reagion hvq/bb4l ratio is
» LO: 90-95% with a change in slope ~ 5%;
» NLO: 80-100% with a change in slope ~ 20%;

= Different normalization is due to Wt contribution that (at LO)
doesn’t affect the shape around the peak.
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Good agreement for hvg and bb4l, even if smearing and no cuts
to suppress Wt background are applied: the big discrepancies in
myy _p; shape among the generators are thus due to radiative
corrections in top decay!
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» Without smearing, negligible differences in peak position.
» With smearing:
» bb4l and tt_dec display minor differences.
» hvq displays substantial differences.
Since the hvq implementation is in many ways inferior to the other
two, we do not plan to use it to estimate the errors.
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Scale varlatlons in may i for m=172.5 GeV
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tt_dec: no appreciable scale variation effects. Why?

NWA?
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Dynamic scales choice:

= EtT‘EET

ET = /P +|pr?

Scale varlatlons in muy i for m=172.5 GeV
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To compare scale variation effects at NLO (left) and at
LHE+PS (right) level, we use top MC truth virtuality (b-jet at
NLO not well described).

45 bba( at NLO a5
3 7 30
3 5 g 25
g 3 AN 220
£ i L 15
£ 5 £ 10
% H et % 0.5
= —0.5 = 0. PR
o4 o9
815 815
5 14 kA 514
g1 RS s FHETE
S5 e ! S5
2 k-4 oA 2
S oM NTLAEH Y. S0 i i
& LOAAPHHH & LONANA
® 0.9 0.9
20. 20.
<=7 170 172 174 176 =7 170 172 174 176
mye [GeV) mye [GeV]

Same scale variation pattern for m»¢ at NLO, LHE+PS and
myy_p; at NLO+PS: it is a genuine NLO effect!

This is in fact sort of obvious for the MC-truth top mass ...
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If we choose fixed scales instead of dynamic ones, i.e. i

we find a similar behavior...

35— :
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In tT_dec Wt contribution is implemented only at LO level, so it doesn't
participate to the change in shape of the distributions due to scale

variations. If we suppress this contribution with selection cuts (left) in
bb41, do we flatten the scale variation?

> leptons: pr > 20 GeV, |n| <2.4, m(et,u™) > 12 GeV;
> 2 b-jets with pr > 30 GeV, || <2.5.

— 05 Scale variations in myy_; for m,;=172.5 GeV or Scale variations in myy_;, for m,;=172.5 GeV
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No variation: the difference with tt_dec is probabily
due to NWA.
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bb4¢ at NLO with I',=0.30 GeV
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bbi¢ at NLO with I',=1.32 GeV

If the effect is due to interference
between radiation in production and
decay, it should be sensitive to the
width of the top. We plot scale
variations in the range mM¢ =
[mP°'® — 5[y, mP"® 1+ 5T] for I, =
{0.30,1.32,10.0} GeV.

Similar shape!

bb4¢ at NLO with I'=10.0 GeV
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The scale dependence in the peak region is quite surprising.
Is it due to genuine interference effects?

On peak:
2
A Tew
0 = Ot T

When the top is off shell:

N oW
0 =~ Opwt T

with very little residual I dependence. Thus, it is no surprise that
the scale dependence when myyy is below and above the peak is
independent of I'.

As [ decreases, the peak region prevails, and the impact of scale
variation on the extracted mass is reduced.

37/56



d o/d mg * /0.3, (pb/GeV)

Scale variation in mass extraction is reduced from 0.145 to
0.055 GeV when going from [ =1.32 to [ = 0.3 GeV.

It seems that scale variation is induced by interference effects ...

(but we are not yet totally convinced)
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0.7

Scale variations in myy_y;

for m;=172.5 GeV
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0.08

do/dmw_bj [pb/GeV]

0.02

. and it becomes 347 MeV for 15 GeV

Scale variations in myy _; for m;=172.5 GeV, smearing=15.0 GeV
T T T T T T

1y =172.644 |1
mwy_,=172.581
mw_1,=172.701 ||
iy _1,=172.550
iy _,=172.507
my_y=172.765 ||
miy_=172.854

160

165

1—‘/'0 1—‘('5
m - [GeV]

smearing.
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Reconstructed top mass for ak05 using bb4(+PY8, smearing=15.0 GeV

177

myy_y,; output [GeV]

16?69

= 172.3381000
Dlmmm fit |
[ | data
: : i ; :
...................... A0ETS SO RSSES SRS S
1
1
R A Iy S S .
|
[N
......................... I 8 U ST PR SO
b H
[
; ; L ; ;
170 171 172 173 174 175 176

m, input [GeV]

Since m; and myy_y,; are strongly correlated, we find a comparable
spread: 347 MeV in my _p; corresponding to an uncertanty of
+0.144 , —0.220 GeV on m;.
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» Scale variations in bb4l: "33 MeV impact on mass

determination.

» Scale variations in tt_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 a does affect radiation. Thus, a study
on a5 dependency may also give some indication on the sensitivity
to B-jet shape uncertainties.
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This study cannot be performed using reweighting, if we want also
to consider the effect of changing as in radiation.

ag dependence in muy -y for my=1 72 5 GeV

T a.(p)=0.121 ||
| au(Mz)=0.115 |

da/dmw_bj [pb/GeV]

115/ag = 121

ags

750 160 170 180 190 200
my -, [GeV]
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as dependence arises only from the different structure of the b-jet.

- dependence in myy_; for m=172.5 GeV 0,16 in -y, for m,=172.5 GeV, smearing=15.0 GeV'
0.6 0.14 /M'" _
505 =012 /
] 3
o 9} //
g 04 8 010}
i. 3
g0 — a.(Mz)=021 £ 008 —
S <
So2 — X 006 —
s 0 - = 0 -
0.1 - 0.04 —
o
0 1724 1726 1128 1130 132 0025 165 170 175 80 185
iy, [GeV] iy, [GeV]

The displacement given by a difference in as of the 5% is 81 MeV
without smearing, 110 MeV with a 15 GeV smearing. (Small but
irreducible!)
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Varying the PDF, even if smearing is applied, there is no significant

displacement of the peak

0.16,__Pdvariations in my s for m=172.5 Ge\; smearing=15.0 GeV o1 Pdf variations in myy _,, for m=172.5 GeV, smearing=15.0 GeV

= .

@ .14

19} i

S 012 w“ 0.14

P > % \

700 L3 . S

2 |+ PDF4LHC15.nlo 30 pdfas. o 0.12

5 o.ospﬁf"’w Cidnio Y § / \

£ £ % S

> gg;l |5+ NNPDF30.m0.25.0118 35 0.10 o // N\k‘\

k3 =

g é 0osp ",

& 0.96 s oy ,=172.644

§g'2‘£ < 0.06 — g ,=172.630

2 0.90 - nyo,=172.634

20 0.04 — o ,=172.608

Z 086 — e ,=172.632

§ 0.84] Ty

20. 0.02

s "0 160 170 80 90 B 160 165 70 75 150 %
miy—; [GeV] -, [GeV]

Because of this, the only effect from the PDF choice is the value of

as (because it affects the b-jet shape).
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d(r/dmw_b]- [pb/GeV]

ratio with Pythia 8

muy_y; With m,=172.5 GeV

,,,,, i+ Pythia 8
- e Herwig 7 |

1I70 léO 190 200
my—; [GeV]

Marked differences in distributions.
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07 MW —b; with m;=172.5 GeV
0.6
= 0.
(o]
9o
8 04
7 : :
EE 0.3 5 T =172.758 |1
< C | maro,;=172.908
.% 0.2 F ....... E I bhAC+PY8
g . | obaceHE?
0.1+

0.0

1715 1720 1725 1730 1735 1740
m -, [GeV]

Small difference in mass peak (150 MeV)
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0,16V =i with m;=172.5 GeV, smearing=15.0 GeV
0.14}F
= 0.12}F
[
()
8 0.0
7 : 5 5
§ 0.08 b 172644
< | y_=172.209
006 | obac+PYS
|H bbar+HET
0.04F i T R
02 ; ; ; ; ; ;
00 160 165 170 175 180 185

m -, [GeV]

After smearing, larger mass difference (435 MeV).
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Reconstructed top mass for ak05 using bb4¢, smearing=15.0 GeV
176

T m=172.33
175! pm m,=172.80
W it 0040+PY8
W it 004(+HE7
e bbar+PY8
1T - bbat+HET

—

3

N
T

myy_y; output [GeV]

16%69 1%0 1%1 1%2 1%3 1%4 1%5 176
m; input [GeV]

Assuming that we measure my,, = 172.5GeV, the extracted mass
differs by 470 MeV.
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If we shower LO events, the hardest emission from top resonance is
entirely hanlded by the shower, thus we find bigger displacement
(323 MeV vs 150 MeV found using NLO events).

myy_y; With m,;=172.5 GeV using py8

oo
= &
=

s MW —bj
=0 - .
g j;}g ‘{-H—P bbAL+PY8 |1 =~
S 95 ’ i <
2 ¥4 T obaceHET 0-30 s
290 |
Ep ¢ ‘;‘ —— ¥ 3
Sol Tl =
Lo o L
T () g :

14
@ 1] — P8
a5l ey — fit BhAC+HET
$ Ea 172752
I 1l -y =172.752 | |
R Z . ,=173.075
z10 7 g
£ 00 ~ I+ shac+PY8
z o Y7 0.0: s bhac+HE7
Lo7
g Ovl 0.00

150 160 170 180 90 200 75 1720 1725 1730 1735 1740 1743

v [GeV] mi—y; [GeV]

We notice that also at LO, Herwig7 distribution is wider than

Pythia8 one: the usage of NLO or LO events doesn’t modify that
much the shape of the distribution.
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Is the reconstructed peak mostly determined by hadronization
effects? Yes!

0.8 U=t with m,;=172.5 GeV using LO events+py8 Lo Wb with m,=172.5 GeV using NLO events+py8
> — > —
s i [+ bbat+PY8 [] g1 ﬁ |I T bbat+PY8 |4
2o ﬂ [ bbcsHET |] g0 i [ bbie+HET 7
I03 il I t
< 02 / 5 02 A\
S0 N <02
Y PRy N S =

2.0 20
£ ﬁ £
3 15 %15 %
;! L
= =
£ ~J £ ¥ =
o 0. o 0.
8 s

0 0
5 160 170 180 190 200 04 1 170 180 190 200
iy, [GeV] miys; [GeV]

Switching off UE and hadronization we see a more marked
difference in the peak at LO because the b-jet is modelled in a

more similar way in the NLO case (since the hardest emission is
built by POWHEG).
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_1; [pb/GeV]

do [dmyy

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

ak03 for myy_y; for m=172.5 GeV

0.55

0.45

0.40

0.35

Mt
B e nll

ak07 for my_y; for m;=172.5 GeV

0.45

0.40

i [Pb/GeV]

5 0.30

— A(+PY8 = 025 — 1hAl+PY8
—  bb4(+HE7 ) — bhAC+HET
- nyo,=171.537 0.20 - n,=174.077
_— o,=171.639 - ny,=173.980
0.15
170.5 171.0 171.5 172.0 172.5 173.0 172.5 173.0 173.5 174.0 174.5 175.0 175.5

myy—y,; [GeV]

my -1, [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).
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Summary:

Pythia8 Herwig7

R 0.3 0.5 0.7 0.3 0.5 0.7
oc=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:
» 0.167 MeV for R =0.3;
» 0.435 MeV for R = 0.5;
» 0.385 MeV for R =0.7.

» Comparable displacement for R > 0.5, while the difference becomes
smaller for R = 0.3.

=071 Pythia 8

=05 Herwig 7

>

T as T hos

g 06 e aasf| 8 0.4 'L 51 o akos

S 05 7 sl & [ ako7

2, s”XJ'Q\ : 203 jf}&‘m

To3 j{i _"\\:h To2 f}" 1

202 7 b H

=01 /", V\‘-«\ = 01 % K‘ \“’M»

e P el u-S"E U N et g e

30 £30

825 825 ) }M A

s ')“W M‘g 5 20 ’AP“"W“ il ?‘WM\

§15 S 1 il 7

£ 10 10 z

< £ -

R > -y — X

o )

5 0 509

S 6 160 170 180 190 200 € 150 160 170 180 190 200
myy; [GeV] my—y; [GeV]
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» 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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Error source No Smearing | 15 GeV Smearing
hvq vs bb4l 0.022 GeV 0.566 GeV
Scale variation, bb4l | 0.139 GeV 0.347 GeV
as + 5%, bbal 0.081 GeV 0.110 GeV
Herwig7 vs Pythia8 | 0.150 GeV 0.435 GeV

Forgetting about hvq:
> largest potential uncertainty from Shower stage.
» Surprisingly important scale dependence uncertainty
» Only parameter affecting b-jet shape: modest effect.

> Uncertainties seem relatively comparable to what is currently
quoted by experiments.
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» bb4l and tT_dec give similar results for central scales.
hvq very different (discarded).

» Scale variation effects seem important as far as the bb41l
generator is concerned (fégé MeV). We see no scale variation

effects in the tT_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 as 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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