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Introduction



Introduction

= The My, mass measurement is one of the important item of the SM precision
program at the LHC.

= The value of My is important to understand the consistency of the SM and to
constraint new physics.

Experiment ‘ My
ALEPH J S — 80.440+0.051 Tevatron+LEP Il (PDG) 80.385 GeV + 15 MeV
ATLAS (7 TeV) 80.370 GeV £ 19 MeV
DELPHI —_— 80.336+0.067 BOEO=1
L3 [ — 80.270+0.055 [ experimental errors 68% CL: = ’
| LEP2(Tevatron: today

OPAL —— 80.415+0.052 i Al
LEP2 — 80.376+0.033 8050

X/dof = 49/ 41

=2

CDF - 80.389+0.019 %
DO —— 80.383+0.023 = soa0
Tevatron - 80.387+0.016

Xldof = 4216

SM[M,, =125.6 £ 0.7 GeV
=+ 80.30 L
Overal| average = -+ | 80.385+0.015 i v oo T |
Helnemeyer, Hollk, Stockinger, Weigle, Zeure 13
802 806 Ll v v b b b b 1y 0
M, [GeV] 168 170 172 174 176 178
W m, [GeV]

[PDG16] [Heinemeyer et al "13]
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Introduction

Normalised to unity

Var/Nom.

17 pair bb associated production and its impact on the W mass measurement

0.09E- ATLAS Simulation
V5=7 TeV, pp— WX

The measurement of the W
mass is performed using a
template-fit approach.

it depends on the theory models
encoded in the tools (Monte
Carlo event generators) used to
produce the templates.

One element that therefore
enters these predictions is the
non-perturbative tune of the
Parton Shower (PS).

To tune the PS, precisely measured
observables are needed.

A prime target is the transverse

momentum distribution of the Z (//).

Data (sat uncert) B Data (oia uncert) = n
—— Sherpa PowhegPythia (AU2) 158 TeV, 203
PowhegPythia (AZNLO) ATL.
121 12
e = -t

o [ — e —0.8
O el 1zoevsm <z0cev.y <24 46 GeV < m, <66 GeV, |y <24 os
o -
3 121 -+ 2
o L =
T i — = ]
<] —_ \\\
= o8F -+ Hlh-08
oo 2Gev s, <30 GWT sEGevsm<isCeV <24 Ty
5 12f + 1.2
5 M )
S el o S T pe ST

08F T = o

0.6k 30GeV <m, <46 Gev. Iy <24 116 GevVsm <150GeV, [yl <24 | o

50 100 500 :
o (G 1o 1 pijeev)
[ATLAS 1512.02192]
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Introduction

= One should strive to control as
much as possible and leave in the
tune only universal,

= The PS non-perturbative tune
adsorb in an effective way everything
that has not been properly described

by the theory prediction. non-perturbative effects.

= In the past few years, the question
of how using a massless description
for the bottom-quark induced
contributions may/may not induce
spurious non-universal terms to be
included in the PS tune.

= Goal: build an improved description
of the bottom-quark induced
contribution to the Z transverse
momentum.

= Another study of mass quark effects
in Drell-Yan recently published,
[SHERPA] [Pietrulewicz et al '17].
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The process



Il + X production

= Process studied since the '70 and now know to a quite high degree of accuracy.

QCD q !

z/y
= NNLO differential [Melnikov et al 06, Catani et / 5
al '09, Gavin et al '10 and '12] VAVAV]

= Resummation [Arnold et al '91, Balasz et al '95,
Ellis et al '97, Qiu et al '00, Kulesza et al '01
and '02, Bozzi '10]

= NLO MC+PS [Frixione xx, Alioli ‘08, Alwall et EW
al '14, SHERPA]

= NNLO MC+PS [Hoecher et al '14, Karlberg et
al '14, Frederix et a ]

=

= NLO EW [Baur et al '97-'04 , Brein et al '99,
Dittmaier et al '01, Zykunov '01 and '05,
Arbuzov et al '05 and '06, Carloni Calame et al
'06 and '07, Brensing et al '07, Dittmaier et al
'09]

= NLO QCD/EW + PS [Bernaciak et al, Barze et
al '12 and '13, Miick et al '16]

= Mixed QCD-EW [Dittmaier et al '14 and '15]

[See A. Vicini talk for a discussion of the status of EW
q ! corrections]
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Il + X production: the 5FS

= Computation all in the 5FS, where
the bottom is a massless initial state
R quark.

= DGLAP evolution of the bottom
PDF resums large logs

O(log(mz/mp)).

xb(x,Q), comparison = Neglects terms of order mp/myz and

0.025 A a

r ‘ less accurate description for
0.02[- kinematic distributions where the

F H QCD radiation can be influenced by
0'01Sf 13 the natural mass scale of the
0.01 3 £ bottom.
0.005— B 8

C: P n n Lo \:

10 10%
(e}
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libb + X production in the 4FS

Z/~*

B

= In the 4FS the bottom quark is
massive and no PDF is present in
the proton.

= Collinear logs, which are resummed
in the 5FS, are included only at FO
in the 4FS.

= On the other hand, the terms of
order mp/my are included.

= The process has been studied up to
NLO-QCD, using automated
frameworks for the generation of the
amplitudes. [Frederix et al '11, Krauss et al
'16]

= Total cross section has a large NLO
k-factor ~ 1.6.

b

(S]]
~|
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The frameworks

We use implementations of the 5FS and 4FS process in the MG5_aMC@NLO and
POWHEG-BOX NLO+PS frameworks. To generate the matrix elements, MadGraph and
MadLoop were used in both cases

MC@NLO

do™ = dpni1 (R - Cuic)
. don
do-(S) = d¢n+1 (B—l— V+Cmt) i
d¢n+1

+ (Cmc —C)

= Matching systematic estimated by varying the shower scale prescription
(Sudakov form factor only from the PS).
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The frameworks

We use implementations of the 5FS and 4FS process in the MG5_aMC@NLO and
POWHEG-BOX NLO+PS frameworks. To generate the matrix elements, MadGraph and
MadLoop were used in both cases

POWHEG

R*(®R)
B(vp)

do = dogB(%,) [As(p’i‘“‘) +dog g AS(pT«v»] + dogR (og)

B = 8(05) + [V0s) + [ a0rsR(0n15)]

= R (®p, Praq)
A(®p, = ex —/d(D — " f(kT —
(®5, PT) P{ ' 4 Ben) (kT = p1)
h2 2
R=—" R, RI=_PT R
h + p2. B + p2

= Matching systematic estimated by varying the value of the damping factor and
the shower scale prescription.
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The setup

= LHC pp @ v/S=13 TeV.

= PDF, reference set: NNPDF3.0 nf= 4, as = 0.118.

= 1 and pr scale variation with a standard seven-combination prescription.

= MG5_aMC@NLO: two prescriptions for the extraction of the shower scale (Hr and
5).

= POWHEG-BOX: factor of 1/2 variation for the shower scale of the remnant events.

Neutral-current Drell-Yan A4FS IIbb
1 — — _ _ Charged-current Drell-Yan
= pr= g/ M(ID2 + py (I1)2 s = 2y/MD2 4 p (M2
— = — — = e =\ M2 + py (712
© = 3/ M2 + py ()2 o pp= 2 M2 + p o (712
7 - . = )2 )2
« Gen. cuts: M(/l) > 30 GeV «+ Gen. cuts: M(7l) > 30 GeV pr = /MU +p (1)
= Analysis cuts: = Analysis cuts: 0 el cniE a
L po (/) > 20 Gev 1. po (/) > 20 GeV 1 Zié’v/m'ss’"g) >
2. (/) <25 2. (/) <25 , 0/; .
3. |M(Ml) — Mz| < 15 3. M) — My| < 15 - fE) <2
GeV GeV

17 pair bb associated production and its impact on the W mass measurement Emanuele A. Bagnaschi (DESY) 9/24



Results




5FS: the transverse momentum of the // system

10°
e*e” production at the LHC, 13 TeV
Pr(e%)>20 GeV, In(e*)l<2.5, IM(e*, &')-ml<15 GeV
= Different initial state flavor 102 LR all flav.

contribute in a different way

= Bottom contribution peak shifted.

= Bottom: first bin kink due to PS
when bottom quarks are involved.

o per bin [pb]

initial state quark ‘ cross section (pb) ‘ %
d ! ! ! !
Z 2;‘1“1‘; i 822 322 10; ratio over all flav. (shape-level) 9
@ 91.44 £ 0.34 8.6
s 170.43 + 0.45 15.9 105 =t
b 43.13 + 0.26 4.0
total 1070.58 + 0.86 | 100.0 0 . ' : :

0 10 20 30 40 50
pr(Z) [GeV]
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4FS: the transverse momentum of the //bb system

o per bin [pb]
3

E NLO (+PS) 3

e*e’bb production at the LHC, 13 TeV'
pr(e%)>20 GeV, In(e*)<2.5, IM(e*, e)-mzl<15 GeV'

NLO —

aMCAPY8, =205 - -

MCAPYB, e x0.25 —

a aMCAPYS, g2 - -
AMHPYS, igabinl2 x0.5 —

PWG+PY8, h=mz - -

PWGHPYS, hemzx0.25 —

:
1 1 L |
[ aMC+PY8, pgy=8"" x0.25: scale and PDF uncertainties
el
L
scale unc. PDF unc. w== E|
. . .
15 2 25 3

log1o(pr(ZBB)/[GeV])

Ratio /fNLO

Ratio /fANLO

»

o

4
o

o

o
o

e*e’bb production at the LHC, 13 TeV B
pr(%>20 GeV, In(e*)I<2.5, IM(e*, &')-mzl<15 GeV

aMC+PY8, ign=812 x0.5 - -
aMC+PY8, =812 025 — L 4 a
aMC+PYB, ryy=Hr/2 -
aMC+PY8, pgp=Hr/2 x0.5 — HE
WG+PYB, h=m; - -
PWGHPY8, hamx0.25 — .

" aMCHPY8, gy 812 x05 - - T
aMC+PY8, pgy=8'"2 x0.25 — Tz I
aMC+HHW-+, pgh=812 x0.5 - = -y
aMCTHW+, =812 x0.25 —  §
L L L

15 2 25 3
log10(pT(ZBB)/[GeV])

LO system recoils against emitted parton; the pt distribution is divergent at

fixed order.

Matching with PS cures the divergence.

Maximum discrepancy between the frameworks in the intermediate region.

Both MCs show a high-p7 tail below the fixed order.
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4FS: Number of b-tagged jets

10°
e*e’bb production at the LHC, 13 TeV 1.4 | e*eb production at the LHC, 13 Te¥: 0
" pr(e%)>20 GeV, In(e¥)i<2.5, IM(e*, &')-ml<15 GeV l Pr(e%)>20 GeV, In(e?)l<2.5, IM(e*, b3
10° E NLOsPS AMC+PYS, =82 0. 3 121 158
aMC+PY8, 15612 x0.2: i
Y8, gi=Hrl2 - - ] 3
10 b aMC+PY8, pgy=Hr/2 x05 — | z [ B
. PWG+PY8, h=mj - - ° >
= WGHPYS, h=mzx0.25 — £08 G
= PWG+PY8, h=mx0.25, gy, var. « g
<
5 100k 5 0.6 AMC+PYB, gyt s
5 WG+PYS, ~ o
g 04 &
107 E| 0
141 s
2
155
2 L 4 E R
10 9 L
€ s
= 1
0% . . . i Lo, ;
15l aMC+PY8, pgy=8""2 x0.25: scale and PDF uncertainties « o
: 06  aMCiPYe, s x025 — o5 3
Y AWCHWes, =312 x05 - - S
04 [ MOHW 025 — =z
05 - 4 : L L L L L 3
- scale unc. PDF unc, ==
. . f | . [ 1 2 3 4
0 1 2 3 4 N(b)

N(b)

= B-jet cuts: p7(j) > 30 GeV, |n(j)| < 2.5.

= Different behavior between the two MCs: in POWHEG suppression in the bjet=2
bin, in MG5_aMC@NLO enhancement.
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4FS: p7 of the hardest b-jets

e*e'bb production at the LHC, 13 TeV/ ]
pr(e%)>20 GeV, In(e¥)l<2.5, IM(e*, &)-mzl<15 GeV

aMC+PY8, pgr=8'2 x05 = =

aMC+PY8, 1gn=8'72 x0.25

aMCHPYS, pig=Hr/2

aMC+PY8, pin=Hr/2 x0.5 — i

PWGHPY8, h=m; - -

PWGH+PY8, h=mzx0.25 —
I

ot b e*ebb production at the LHC, 13 TeV wWop
pr(e*)>20 GeV, In(e*)l<2.5, IM(e*, &')-mzl<15 GeV, 21 bjet 12 +
NLO+PS
aMC+PY8, rgr=812 x0.5 = = Q 1r-
aMC+PY8, =812 x0.25 — =
aMC4PY8, pgy=Hrf2 - = Sos
=10 AMCHPY8, gy=Hrf2 x0.5 — e
| 10° PWG4PY8, h=m; - = 5 [
&1 PGPS, hampe0 25 — 086
5 04
5 L
S 02
107 4 14
L 12 -
- g1
— £
102 . . . . "l Sos
?.4 [ aMC+PY8, yg,=8""2 x0.25: scale and PDF uncertainties S| 5
12 x 0.6
1p--- 04
08 ¢ I POF
06 ) salo unc | POFune = ] 0.2
0 50 100 150 200 250 0

pr(b1)

50 100 150 200 250
pr(b1)

= Suppression of bjets rate in POWHEG w.r.t. to the NLO is manifest here.
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4FS: p7 of the hardest b-jets

. N 1.6 | e*ebb production at the LHC,
0 e*e’bb production at the LHC, 13 TeV Pr(e%)>20 GeV, In(e*)I<2.5, IM(e, &)
107 5 (e%)>20 GeV, In(e¥)i<2.5, IM(e*, &)-myl<15 GeV, =1 bjet 14 =
NLO+PS L
AWCPYS, iy 505 - - q'?
aMCAPYB, o172 x0.25 — 2 q[-
AMC+PYB, gy=H 3
_ AMCHPYS, /2 X0 So08f 1 7
g Q+PY8, hem, 3 MCPYB, y=812 x0.5 - = | ]
S0t PWG4PY, hemyx0.25 T 0.6 [ | aticerve, e w028 — ] 1
3 04 aMC+PY8, gn=H/2 - - ]
® ) aAMCHPY8, rgy=Hr/2 0.5 —
g 02 PWGHPYB, hmy - -
) - PWGH+PY8, p=m;x0.25 ~—
16 b
102 141
9 12
g 1r
. . . sosf
1.4 |- aMC+PY8, pg,=8"2 x0.25: scale and PDF uncertainties 1 5
12 F C06F | aMcsPys, py=?x05 - - b
5 T 05 —
0; L. 04| | BMoievssacbizozs 1
Y e PDF unc. == 02 1
06 [ ) salounc o = ] ‘ ‘ ‘
25 50 7% 100 125 25 50 75 100 125
pr(b2) pr(b2)

= Suppression of bjets rate in POWHEG w.r.t. to the NLO is manifest here.
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4FS: the transverse momentum of the // system

3

e*e” production at the LHC, 13 TeV e*e” production at the LHC, 13 TeV ]

pr(e)>20 GeV, In(e¥)l<2.5, IM(e*, €)-mzl<15 GeV pr(€%)>20 GeV, In(e*)l<2.5, IM(e*, €)-mzI<15 GeV 1§

101 25 Ratio over fLO ]

NLO+PY8 (=812 x0.25) — 1

— LO+PY8 (ugn=8'"2 x0.25) - - h

:é. NLO —— b

c100 b 1
o w ] Jo
= = 12

[ 4
5 S 3
® = =
10-1 L ) ' 1%
2 ' NLO+PY8 (ugn=6"2 x0.25) — {0

s ]
s 05 F ! LO+PY8 (ugn=8"2x0.25) - - 1§
-'n-‘-to-"g‘ E : NLO —o— :%
102 . . . > . ) )  fo-e 1=
v = 100 150 200 0 50 100 150 200

p1(2) [GeV] p1(2) [GeV]

= Large differential NLO k-factor.
= Sizable effects from PS.
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4FS: the transverse momentum of the // system

R 1.6 - e*e’bb production at the LHC, 13 TeV 4
e*e’bb production at the LHC, 13 TeV pr(e*>20 GeV, In(e%)<2.5, IM(e*, &)-mzl<15 GeV
pr(e*)>20 GeV, In(e*)i<2.5, IM(e*, &')-mzl<15 GeV. 14+ §
1 L NLO+PS 4
L0 aMC+PY8, =812 x0.5 - = 9
aMC+PYB, =817 x0.25 — =
== aMC+PY8, pgh=Hyf2 = = =
AMCHPY8, gt/ 0.5 S

= - 3 aMCHPY8, 1y =812 %05 - -
8 0 Pwsfpviesf:::zx.; % — £08 aMC+PY8, =812 x0.25 —
c 100 | 4 aMC+PY8, pgy=Hr/2
8 06 | AMC+PY8, gy =H1/2 x0.5 1
5 WG+PYS, h=m;
g 04| PWG+PY8, h=mzx0.25 — |
_ L L L L
ol ] 16 g
14 B
o
91
&
102 L L L L °
? 4 [ aMC+PY8, yg,=8"2 x0.25: scale and PDF uncertainties 1 ®
12 1 08 AMCAPYB, =812 X035 - -
1 - aMC+PY8, gr=8'2 x0.25 —
08 06 SMC=HWi, =812 x05 - - 1
¥ 1 HWa+, b1 x0.25 —
06 [ scale unc. PDF unc. == 1 04 SMC+HWe, ST x025 4
2 . ’ . . L L L L
[ 50 100 150 200 250 [ 50 100 150 200 250
p1(2) [GeV] P1(2) [GeV]

= PDF uncert. nearly constant, O(2%); pr and pf scale dependence nearly
constant, O(20%).

= Matching uncertainty O(5%) in both approaches.

= Larger differences between the two MCs and between PYTHIA8 and
HERWIG++; non trivial dependence on p7.
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An improved prediction of p’_}

= Goal: combine the two predictions in a consistent approach, avoiding double
counting.

5FS 4FS

= B-hadrons from the PS in two cases: = By construction the process
1. bb and bg channels: splitting in the contains two massive bottom in the
backward evolution (no bottom content final state.
in the proton).
2. For the other channel: g — bb = Other bottoms will arise from PS
splitting. splitting.
= We remove the bottom contribution = |mproved description which keeps
by vetoing B-hadrons in final state. into account the mass of the quark.

doPest do.SFS*BVeto dO'4FS

== = + =
dpir / dpi ! dpir /
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An improved prediction of p/;

e*e” production at the LHC, 13 TeV
pr(€%)>20 GeV, In(e¥)l<2.5, IM(e*, &)-mzl<15 GeV
NLO + Pythia8
5FS,n0B - -
5FS, no B + 5FS b PDF only - -
1.05 | 5FS, no B + 4FS, PY8, pgy=8"2 x0.5 - -
. 5FS, no B + 4FS, PY8, pgy=812 x0.25 —
- 5FS, N0 B + 4FS, PY8, pig=Hr/2 - -
' 5FS, 0 B + 4FS, PY8, jgr=Hr/2 x0.5 —
i 5FS, n0 B + 4FS, fNLO ——

1.05

Ratio over 5FS (shape-level)
Ratio over 5FS (shape-level)

e*e” production at the LHC, 13 TeV
pr(e)>20 GeV, In(e*)<2.5, IM(e*, &')-mzl<15 GeV
NLO + Pythia8
5FS,n0B - -
5FS, no B + 5FS b PDF only - -
5FS, no B + 4FS, PY8, h=mg, ygn=def. - - |
5FS, no B + 4FS, PY8, h=mzx0.25, pgp=def. —
5FS, n0 B + 4FS, PY8, h=my, ygn=def.x0.5 = =
5FS, no B + 4FS, PY8, h=mzx0.25, yg,=def.x0.5 —
5FS, no B + 4FS, fNLO ——

S
1 8 L
15}
=
S
2
- 3 .- 2
0.95 L L p= ren n 050, 0.95 L L L L
0 20 40 60 80 100 [ 20 40 60 80 100
p1(2) [GeV] pr(2) [GeV]

= 5FS b-contribution: non-trivial shape, the two

contributions are of the same

order of magnitude at large p7, while at low p; gluon splitting from light-quark

induced processes dominates.

= Non-trivial shape distortion.

= Effects after merging of the order of O(£1%) for MG5_aMC@ONLO, O(+0.5%).
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The reweighting function

The canonical way to include these effects is to re-tune the parton shower MCs on the
Z data using this improved prediction. To estimate these effects without performing
the tune, we adopt the following procedure:

1. Define:

best
= 1 do
RO )= |
best H =
oga dpl|!

> ( 1 doSFS > =il
' 5FS it

[eg
tuneX. fid dP1" | nex

2. Suppose that we have two PS tunes called tunel which describe the data:

1 do® 1 do®F _ 1 dobet VeI S i
i N =i N il W
3. From 1.42. it follows that:
1 doFS 1 1 do®FS
B |y RETT T .,
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Impact on the W mass

measurement



Measuring the W mass at the LHC

Three observables sensitive to the W mass: p/,, MY, pr(missing).

T
0.0 — Horace LO W - pv LHC

: ---Horace LO + PS
0.0 —— Powheg QCD + Pythia QCD

---Powheg QCD + Pythia QCD + Photos

= High sensitivity to radiative
corrections.

Norm. entries / 0.5 GeV

= Detector modeling under control.

= Peak around myy/2.

[Carloni Calame et al '16]

W-boson charge wt w- Combined
Kinematic distribution Py omr ph omr pL omr
Smy [MeV]
(u) scale factor 0.2 1.0 0.2 1.0 0.2 1.0
XEr correction 09 122 1.1 102 1.0 112
Residual corrections (statistics) 2.0 27 20 27 20 2.7
Residual corrections (interpolation) 1.4 31 14 3.1 14 3.1
Residual corrections (Z — W extrapolation) 0.2 58 02 43 02 5.1
Total 26 142 27 118 26 13.0 [ATLAS 1701.07240]
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Measuring the W mass at the LHC

Three observables sensitive to the W mass: pl, MY, pr(missing).

---Horace LO + PS
—— Powheg QCD + Pythia QCD
---Powheg QCD + Pythia QCD + Photos

Norm. entries / 0.5 GeV

— Horace LO W — pv LHC

Mt = \/2p’7_p¢"55(1 — cos A¢)
Stability under radiative corrections.

Suffer from pileup and detector

effects since it relies on E7.

Peak around myy.

[}
50 55 60 65 70 75 80 85 90 95 100
ny
mt (GeV)
[Carloni Calame et al '16]
W-boson charge wt w- Combined
Kinematic distribution Py omr ph omr pL omr
Smy [MeV]
(u) scale factor 0.2 1.0 0.2 1.0 0.2 1.0
XEr correction 09 122 1.1 102 1.0 112
Residual corrections (statistics) 2.0 27 20 27 20 2.7
Residual corrections (interpolation) 1.4 31 14 3.1 14 3.1
Residual corrections (Z — W extrapolation) 0.2 58 02 43 02 5.1
Total 26 142 27 118 26 13.0 [ATLAS 1701.07240]
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Current status of the theory uncertainty

Combined Value Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total x2/dof
categories [MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. | of Comb.

mr, W, e-u 80370.0 | 123 83 6.7 14.5 9.7 94 34 169 309 2/6
mr, W, e-pt 80381.1 | 13.9 8.8 6.6 11.8 10.2 9.7 34 162 305 7/6
mr, W, e-u 80375.7 | 9.6 7.8 55 13.0 83 9.6 34 102 25.1 11/13

Pl W, et 80352.0 | 9.6 6.5 8.4 25 82 83 57 145 235 5/6

P W en 80383.4 | 10.8 7.0 8.1 23 6.1 8.1 57 135 236 10/6
sz W=, e-u 80369.4 | 72 6.3 6.7 21 4.6 83 57 90 187 19/13
p{., Wt e 80347.2 | 9.9 0.0 148 2.6 5.7 82 53 89 231 4/5
my, W, e 80364.6 | 13.5 0.0 144 132 128 95 34 102 308 8/5
mr-pt, W, e 803454 | 11.7 0.0 16.0 3.8 74 83 50 137 274 1/5
mr—n}., W.e 80359.4 | 12.9 0.0 151 39 85 84 49 134 276 8/5

my = 80369.5 + 6.8 MeV(stat.) = 10.6 MeV(exp. syst.) = 13.6 MeV(mod. syst.)
= 80369.5 + 18.5 MeV,
[ATLAS 1701.07240]

= Estimation provided by ATLAS.

= We want to use our improved prediction to estimate the uncertainty from heavy
flavors.
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The templates

e*v production at the LHC, 13 TeV
pr(e*)>25 GeV, In(e*)l<2.5, Et™S% > 25 GeV.
NLO + Pythiag 7

Amy:
gt 5FS, no B +4FS,
r 5FS, n0 B +4FS, PY8, h=my, ign=def. - - B
5FS, n0 B + 4FS, PY8, h=m7x0.25, igy=def. —
5FS, n0 B +4FS, PY8, h=my, igr=defx0.5 - -

SFS, 10 B + 4FS, PY8, h=mzx0.25, yop=defx05 —

Powheg

, .
50 60 70 80 L0 1
Mr [GeV]

8

1.01 |

0.99

e*v production at the LHC, 13 TeV
pr(e*)>25 GeV, In(e*)I<2.5, Ex™% > 25 GeV/
NLO + Pythiag 1

M=
Wgt SFS, no B +4FS, INLO +

SFS, n0 B + 4FS, PY8, h=my, pigp=def. - - o

5FS, N0 B +4FS, PY8, h=mx0.25, gh=def. — 2
SFS, n0 B + 4FS, PY8, h=my, pign=def.x0.5 - = H

SFS, 10 B + 4FS, PY8, hempx0.25, jay=del x05 — &

30 40 50 60
pr(e*) [GeV]

=  Templates generation with both the POWHEG-BOX and MG5_aMC@NLO at NLO+PS

in the 5FS.

+
= Different shape of the Jacobian peak for p’T in the two Monte Carlos.

= Largest effects from the reweighting outside the canonical fit window.
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e*v production at the LHC, 13 TeV e*v production at the LHC, 13 TeV
pr(e*)>25 GeV, In(e*)l<2.5, Et™S% > 25 GeV. pr(e*)>25 GeV, In(e*)I<2.5, Ex™% > 25 GeV/
1.01 [ NLO + Pythias b 1.01 - NLO + Pythia8 b

e SRRy

9 9
g S
z z
] ]
Q =]
Amy= 3 Amy=-20 MeV L [ 2
wgt 5FS, no B + 4FS, PY8, g I wgt 5FS, no B + 4FS, PY8, pgy=8"2 x0.25 — T, ﬁ‘
0.99 |- rwot5FS, no B + 4FS, PY8, gy =8"2 x0.5 = = 1 0.99 | wgt5FS, no B + 4FS, PY8, pgy=8"2 x0.5 - = 18
WGt 5FS, 0 B + 4FS, PYB, ign=Hr/2 x0.5 — 5 WGt 5FS, 10 B + 4FS, PY8, ign=Hr/2 0.5 — &
gt 5FS, n0 B +4FS, PYB, pigh=Hr/2 - - 3 1Wgt 5FS, 10 B + 4FS, PYB, ign=Hr/2 - - 3
wgt 5FS, no B + 4FS, INLO  « = wgt 5FS, no B + 4FS, fNLO  + =

1 h I I 1 h 1
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My [GeV] pr(e’) [GeV]

= Templates generation with both the POWHEG-BOX and MG5_aMC@NLO at NLO+PS
in the 5FS.

+
= Different shape of the Jacobian peak for p’T in the two Monte Carlos.

= Largest effects from the reweighting outside the canonical fit window.
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Shift on the W mass measurement

140 ——r——————————————— T T T
MT fit range: 66 GeV<Mr<g9 GeV/ pT(Iep) fit range: 32 GeV<pr(lep)<45 GeV
L No rwgt - - i 60 1
120 rwgt h=mgz, pgh=def.x0.5 - - No rwgt = =
rwgt h=mg, pgn=def.x0.5 - -
100 rwgt h=mg, ygr=def. - = i wgt h=mzx0.25, pigh=def.x0.5 —
rwgt h=mzx0.25, pig,=def. — : rwgt h=mgz, ygnh=def. - -
rwgt INLO _: rwgt h=mzx0.25, pgy=def. —
80 | / 4 40 rwgt iNLO — q
& / N
> x
60 b
40 - B 4
20 18 s
5 ~" |
W, & - 8
0 . ==t
-10 -5 0 5 10 5 10
AM [MeV] AM [MeV]
= Granularity of 1 MeV.
= Positive sign shift, at most reaching +5 MeV.
= Quite similar effect in POWHEG-BOX and in MG5_aMC@NLO.
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Shift on the W mass measurement
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= Granularity of 1 MeV.
= Positive sign shift, at most reaching +5 MeV.
= Quite similar effect in POWHEG-BOX and in MG5_aMC@NLO.
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Dependence of the shift on the fit window

&*v production at the LHC, 13 TeV
pr(e?)>25 GeV, In(e?)i<2.5, Ex™ > 25 GeV.
101 - NLO+Pythiag ]

pr" [GeV]

s
3
S
8 Y8,
E Y8, her
& 575,08+ 455, Yo, om0z, aeix08 —
30 40 50 60
pre”) (GeV])

30 31 32 33 34 35 30 31 32 33 34 35 30 31 32 33 34 35
pr™" [GeV] pr™" [GeV] pr™" [GeV]

= Non-negligible dependence on the fit window due to the non-trivial shape of the
reweighting function.
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Dependence of the shift on the fit window

&*v production at the LHC, 13 TeV
pr(e?)>25 GeV, In(e?)i<2.5, Ex™ > 25 GeV.
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= Non-negligible dependence on the fit window due to the non-trivial shape of the
reweighting function.
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Conclusions




Summary and perspectives

= We have estimated the impact of including an improved description of the
bottom induced contribution on the i spectrum with respect to the standard
5FS description.

= The impact of these effects are estimated to be at most of of O(5 MeV).

= Study how the picture changes using the same approach to generate the
reweighting function but one order higher in the 5FS description, using
DY-NNLOPS.

= Understand the differences in the p’T templates between the POWHEG-BOX and
MG5_aMC@NLO.
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scale choice

= Scale chosen to minimize the
differences between the 5FS
bottom-only contribution and the

4FS description.
o e = /M + p (T2

o pr= /M + po (I

Setup-observables o w/ cuts

5FS pp — et e
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scale choice

= Scale chosen to minimize the
differences between the 5FS
bottom-only contribution and the
4FS description.

o = 2/ M(ID2 + p (1)

© ur= 3/ M2 + po ()2
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Effective scale

= Following refs. [Maltoni et al '12] and

10! .
e*e’bb production at the LHC, 13 TeV [Lim et al 16], universal |0g factor
SEAESH A [ <BEY associated with g — bb splittings:
100 H ] _
7 M?(et,e™) (1 — z)?
s L =log 2
5 my Z;
g
° 9
10" 4 H 24—
H . Zi= M(ee) (es.,e )
w0 i
£ — 2
| = 5= (q9+ +9- + ki)
2
10-2 1 1 1 . .
5 e o o P = We define the effective scale as
M[GeV]
_ — _(1—-2z)
= Peak at M of O(30 GeV). M= M(e", e )~—

VZi



Shower scale (SCALUP) prescriptions

do/dQg, [pb/GeV]

10!

100

107

102

10

e*e’(bb) production at the LHC, 13 TeV
NLO +PS

aMC+PY8, 5FS (x0.1) —
aMC+PY8, 4FS, pigy=§'2 —
aMC+PY8, 4FS, pigy=8'2 x0.25 —
aMC+PY8, 4FS, pgr=Hr/2 —

MadGraph5_aMC@NLO

50 100 150 200
scalup [GeV]

Two different kinematic variables

used to defined the shower scale

distribution.

For each one it is possible to apply
“rescaling” factors.

PWGHPYS, 4FS, h= m 7 x 0.25
—— PWGHPYS 4FS, B h=my x 025 -- S, B, hem
—— PWGHPYS 4FS,remn, h=mz X 0.25  =—. PWG+PYS, 4FS, remn, h=mz

Y8, 4FS,h = m 7

9

50 75 100
Qun [GeV)

Two different event classes: B and

remnant.

Shower scale for B events is fixed by
the POWHEG formalism.

Shower scale for the remnant event
can be modified from the default
prescription (the pr of the radiated
parton). We apply a rescaling
factor.



	Introduction
	The process
	Results
	Impact on the W mass measurement
	Conclusions
	Appendix
	Backup slides


