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Detailed comparison between
MG5_aMC@NLO and the POWHEG-BOX
performed in the context of the
study of heavy-quark effects on the

modeling of p% for the My,
measurement.

See for instance M. Zaro's talk at
the LHCTheory ERC Meeting (link),
A. Vicini's talk at the LHC EW WG
(link) and E. Bagnaschi's talk at
QCD®LHC '17 (link).

&V production at the LHC, 13 TeV/
Pr{e*)>25 GeV, In(e?)i<2.5, E¥™* >25 GeV
1.01 F NLO + Pythiag.
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17 pair bb production: a comparison of aMC@NLO vs POWHEG

The Iibb MG5_aMC@NLO generator is
the one obtained out-of-the-box,
besides a redefinition of the
renormalization /factorization scales
(setscales.f).

A POWHEG-BOX generator has been
developed for the purpose of this
study, using MadLoop5 to generate
the virtual contribution.

Another POWHEG-BOX completely
independent implementation using
the HELAC-NLO framework is also
privately available. [Bagnaschi,

Bevilacqua, Garzelli, Kardos]
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https://agenda.irmp.ucl.ac.be/getFile.py/access?contribId=18&resId=0&materialId=slides&confId=2507
https://indico.cern.ch/event/642499/contributions/2609210/attachments/1481374/2297299/ptZ-bottom.pdf
https://indico.cern.ch/event/615220/contributions/2632325/attachments/1514533/2364564/BottomWMass_Bagnaschi_v3.pdf

The setup

= LHC pp @ V/S=13 TeV.

= PDF, reference set: NNPDF3.0 nf= 4, s = 0.118.
= sy and i scale variation with a standard seven-combination prescription.

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

9).

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

Jet definition

4FS Iibb
. Nr:%W/M(I_I)2+pL(I_I)2
© ur= g/ M2 + po ()2

= Gen. cuts: M(Il) > 30 GeV

= Analysis cuts:

1. py (/) > 20 GeV
2. n(l/l) < 2.5
3. [M(/) — Mz| < 15 GeV

17 pair bb production: a comparison of aMC@NLO vs POWHEG

anti-kT algorithm, R = 0.4
via FastJet.

pL(j) > 30 Gev.

[n()] < 2.5.

A jet is b-tagged if it
contains at least one
B-flavored hadron.

We assume a 100%
b-tagging efficiency and
zero mis-tagging rate.
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Shower scale (SCALUP) prescriptions
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=  Two different kinematic variables
used to defined the shower scale
distribution.

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



4FS: the transverse momentum of the //bb system

o per bin [pb]
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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
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= 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*ebb production at the LHC, 13 TeV ]

. " 1.4
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= 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

- 1.6
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= 2nd b-jet.

= Suppression of bjets rate in POWHEG w.r.t. to the NLO is manifest here.
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4FS: pseudorapidity of the hardest b-je
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= 1st b-jet.

= Suppression of bjets rate in POWHEG w.r.t. to the NLO is manifest here.
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4FS: pseudorapidity of the hardest b-jets
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= 2nd b-jet.

= Suppression of bjets rate in POWHEG w.r.t. to the NLO is manifest here.
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4FS: invariant mass of the b-jet pair
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= POWHEG closer to NLO than aMC@NLO.

= Suppression of bjets rate in POWHEG w.r.t. to the NLO is manifest here.
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4FS: separation
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= POWHEG closer to NLO than aMC@NLO.

= Suppression of bjets rate in POWHEG w.r.t. to the NLO is manifest here.
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4FS: Invariant mass of the hardest b-hadrons
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= no b-jet tagging.

= POWHEG peaks at lower masses than aMC@ONLO+PY8, similarly to aMC@NLO+HW++.
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4FS: Invariant mass of the hardest b-hadrons

10! e*ebb production at the LHC, 13 TeV
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= 1 b-jet tagged.

= With one b-jet tagged, spread between the aMC@NLO predictions.
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4FS: Invariant mass of the hardest b-hadrons
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= 2 b-jet tagged.

= The difference becomes less prominent if we tag 2 b-jets.
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4FS: separation of the hardest b-hadrons

e*e’bb production at the LHC, 13 TeV
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= no b-jet tagging.
= POWHEG closer to NLO than aMC@NLO.
= Great difference in aMC@NLO between the two showers, unless 2 b-jets tagged.

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

10! - e*e'bb production at the LHC, 13 TeV
e*e’bb production at the LHC, 13 TeV/ 1.2 | Pr(e%>20 GeV, In(e*)<2.5, IM(e*, &)-mzl<15 GeV, 21 bjet 4
pr(e%)>20 GeV, In(e*)1<2.5, IM(e*, €)-mzI<15 GeV, =1 bjet
NLO+PS o 1
=
1 z
=
o
_ £08 aMCHPYS, gy=812 x0.5 - =
"é [:4 aMC+PY8, pgy=8'"2 x0.25 —
= [ aMC+PY8, gn=Hr/2 - =
5 08 05 —
g k| =mg - - L
° AMAPYB 872505 - - O] | TSR 20 B RSO PO R PO
aMCAPYB, =42 x0.25 — .
aMCHPY8, pgn=Hrf2 = - 12 1
102k aMC+PY8, pgy=Hr/2 x0.5 — = "
PWG+PY8, hamy - - 91
PWG+PY8, h=m;x0.25 — 2
. . . . . . . S08
1.4 | aMC+PY8, pgy=8'"2 x0.25: scale and PDF uncertainties 1 T
12 ol e= aMC+PY8, pgy=8"2 x0.5 = -
1 0.6 aMC+PY8, =82 x0.25 —
08 1 AMCHHW-++, =412 05 - =
06 [ ) ) ‘sca\e unc. ‘PDF une, = ) ] 0.4 [, aMCHHWa+, =812 x025 — . . . 4
0 1 2 3 4 5 6 7 8 ] 1 2 3 4 5 6 7 8

AR(B4B,) DR(B1B2)
= 1 b-jet tagged.

=  POWHEG closer to NLO than aMC@NLO.
= Great difference in aMCONLO between the two showers, unless 2 b-jets tagged.

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

10° 2.2 | efebb production at the LHC, 13 TeV R | |
e*ebb production at the LHC, 13 TeV p(e*)>20 GeV, In(e*)l<2.5, IM(e*, &)-mzl<15 GeV, 22
pr(e*)>20 GeV, In(e*)i<2.5, IM(e*, &')-mzI<15 GeV, 22 bjet 2r AMC4PYB, =8V x0.5 - -
NLO+PS o 18 | aAMCHPY8, pgp=812 x0.25 —
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T
s T2
5
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= 2 b-jet tagged.
= POWHEG closer to NLO than aMC@NLO.
= Great difference in aMCONLO between the two showers, unless 2 b-jets tagged.

= 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 ]
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c100 b 1
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10-1 L ) ' 1%
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-'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

e*e’bb production at the LHC, 13 TeV
Pr(e%)>20 GeV, In(e%)I<2.5, IM(e*, &)-myl<15 GeV
101 | NLO+PS
NLO+PY8, =82 x0.5 = =
NLO+PY8, pg=8""2 x0.25 —
= 3 LO+PY8, 82 x0.5 - -
o LO+PY8, §'2x0.25 —
100 | ~ NLO+HW+-+, pgy=8"2 x0.5 = =
NLO+HWa-+, pgy=8"2 x0.25 —
- LO+HWa++, 82 x0.5 - -
— LO+HW:++, 812 x0.25 —

o per bin [pb]

MadGraph5_aMC@NLO

102 . . L -
0 50 100 150 200 250

p1(2) [GeV]

= Large differential NLO k-factor.
= Sizable effects from PS.

17 pair bb production: a comparison of aMC@NLO vs POWHEG

Ratio /fANLO

1.6
e*e’bb production at the LHC, 13 TeV
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=
0 L L L L
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4FS: the transverse momentum of the // system

10

o per bin [pb]

e*e’bb production at the LHC, 13 TeV
pr(e%)>20 GeV, In(e%)|<2.5, IM(e*, &')-mzl<15 GeV
NLO+PS
aMCHPY8, =82 x0.5 = =
aMCHPY8, rgy=812 x0.25 —
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2
Wat
12

. . . .
aMC+PY8, pgy=8""2 x0.25: scale and PDF uncertainties

08

scale unc. PDF unc. ==
L L L

17 pair bb production: a comparison of aMC@NLO vs POWHEG

50 100 150 200
p1(2) [GeV]

1.6 | e*e’bb production at the LHC, 13 TeV i
Pr{e%)>20 GeV, In(e%)i<2.5, IM(e*, &)-mzl<15 GeV
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Ratio /iNLO
o o
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=2
o
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o
IS
T
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aMC+PY8, gy
aMC+HW+, =82 x0.5 - -
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172 0,25 —

.
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p1(2) [GeV]

PDF uncert. nearly constant, O(2%); ur and pur scale dependence nearly

constant, O(20%).

Matching uncertainty O(5%) in both approaches.

Larger differences between the two MCs and between PYTHIA8 and
HERWIG++, especially in the first bins; non trivial dependence on pr.
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4FS: the transverse momentum of the // system

10’ 1.6 | e*ebb production at the LHC, 13 TeV ]
e*e’bb production at the LHC, 13 TeV pr(e*)>20 GeV, In(e¥)I<2.5, IM(e*, &)-mzl<15 GeV, 21 bjet
Pr(e%)>20 GeV, In(e*)i<2.5, IM(e*, &)-mzl<15 GeV, =1 bjet 14 1
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aMC4PY, gy=8'2 x0.25 — z
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_10°F aMC+PY8, pgy=H/2 x0.5 — % ICAPV8, =2 x0.5 - -
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0 50 100 150 200 250 0 50 100 150 200 250
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= PDF uncert. nearly constant, O(2%); pr and pr scale dependence nearly
constant, O(20%).

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

= Larger differences between the two MCs and between PYTHIA8 and
HERWIG++, especially in the first bins; non trivial dependence on pr.
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4FS: the transverse momentum of the // system

10° 1.8 [ e*e’bb production at the LHC, 13 TeV B
e*e’bb production at the LHC, 13 TeV [ pr(e*)>20 GeV, In(e%)I<25, IM(e*, &)-mzI<15 GeV, 22 & 1
P! 16
pr(e*)>20 GeV, In(e*)i<2.5, IM(e*, &')-mzi<15 GeV, 22 bjet 90
NLO+PS o,
AMC+PYB, pgp=b12 05 - = Q12
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. . . .
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= PDF uncert. nearly constant, O(2%); pr and pr scale dependence nearly
constant, O(20%).

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

= Larger differences between the two MCs and between PYTHIA8 and
HERWIG++, especially in the first bins; non trivial dependence on pr.
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Conclusions




Summary and perspectives

Modeling the //bb process
= Multiscale process due to the presence of massive colored final states (the two
bottom quarks).
= An accurate study of matching systematic shows sizable dependence on
scheme/shower.

= Future: improved matching scheme needed to account for all the scales?
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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

5FS bb — ete™

4FS MG5_aMCONLO pp — e e bb
4FS NLO pp — e"e™ bb
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800.9;7637524_ A
.3+2.
36.267 77575 4
2317+ 20.6+16
120.6+1.6
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e*e” production at the LHC, 13 TeV
pr(e¥)>20 GeV, In(e*)i<2.5, IM(e*, &')-ml<15 GeV
NLO + Pythiag

5FS, b PDF on (fa) —
5FS, b PDF off (22) —
5FS, 4FS PDF (3a) —

g SFS, b PDF only x10 (42) —
= 4FS, g, default x10 (52) —
5 4FS, pgx0.25 x10 (62)

510" | 4FS, INLOX10 (7a) — -
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‘MadGraphs_aNCENLO

over‘SFS‘ b PDF OF‘\
095
09

L L
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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

Setup-observables o w/ cuts
e~ TI0.472.1

e oh s e e
b e .0+2.
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e*e” production at the LHC, 13 TeV
pr(e¥)>20 GeV, In(e*)i<2.5, IM(e*, &')-ml<15 GeV
NLO + Pythiag

5FS, b PDF on (1b) —
5FS, b PDF off (2b) —
5FS, 4FS PDF (3b) —
SFS, b PDF only x10 (4b) —
SFS, b PDF only, 1gpx0.25 X10 (4b)
4FS, gy default 10 (5b) —
4FS, erx0.25 X10 (6b) 1
4FS, INLOX10 (70) —

‘MadGraphs_aNCENLO
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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



The setup

= LHC pp @ v/S=13 TeV.
= PDF, reference set: NNPDF3.0 nf= 4, s = 0.118.
= and pr scale variation with a standard seven-combination prescription.

= MG5_aMC@NLO: two prescriptions for the extraction of the shower scale (Hr and
3).

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

Neutral-current Drell-Yan 4FS [ibb

o= 3/ MO + po ()2 s = g/ MU + po (7)?
— = - - = =/ M2 + p (i)
o ur= 1y/M2 + pL (2 o ur= 1y/M2 + oL (02

= MU £ p (72

Charged-current Drell-Yan

= Gen. cuts: M(/l) > 30 GeV = Gen. cuts: M(il) > 30 GeV

= Analysis cuts: = Analysis cuts: = Analysis cuts: N
L pi (/D) > 20 Gev L py (/1) > 20 GeV L gégv/mlssmg) >
2. (/) < 2.5 2. (/) < 2.5 , Iie .
3. [M(l) — Mz| < 15 3. |M(ll) — Mz| < 15 - () <2

GeV GeV



5FS: the transverse momentum of the // system

108
e*e” production at the LHC, 13 TeV
pr(€%)>20 GeV, In(e*)l<2.5, IM(e*, &')-mzl<15 GeV
= Different initial state flavor 102 Breies 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) ‘ %
374.44 £ 0.62 35.0 i L L L L
Z 301.15 i 0.63 36.5 102 ratio over all flav. (shape-level) by
c 91.44 £+ 0.34 8.6
s 170.43 + 0.45 15.9 10 e
b 43.13 +0.26 4.0
total 1070.58 + 0.86 100.0 0 . * * .

0 10 20 30 40 50
pr(Z) [GeV]



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
Rl )= (af.g“ T
;

> ( 1 doSFS > =
' 5FS 1t i—
tuneX fid dp tuneX

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

1 do®P 1 do5FS 1 dobest R ﬁ/—) 1 dobFS
= = = = = PL -
SOP i — SFS (el best /+/ ooFS o
(o2
fid Py T dPL e dp tune2 Tfid dp tune2
3. From 1.42. it follows that:
1 do5FS 1 1 do5FS
5FS  t— - = 55FS . rti—
Td dp tune2 R(pL ) “fid dpy tunel




An improved prediction of p’_}

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

counting.

5FS

1. bb and bg channels: splitting in the
backward evolution (no bottom content
in the proton).

2. For the other channel: g — bb L
splitting.
= We remove the bottom contribution .

by vetoing B-hadrons in final state.

4FS

= B-hadrons from the PS in two cases: =

By construction the process
contains two massive bottom in the

final state.

Other bottoms will arise from PS
splitting.

Improved description which keeps

into account the mass of the quark.

do.best, B do_5FS—Bvet,0 N d0'4FS
= = =
dp'| dp'| dp'|



An improved prediction of p’_}

e*e” production at the LHC, 13 TeV e*e” production at the LHC, 13 TeV
pr(e*)>20 GeV, In(e)I<2.5, IM(e*, e")-mzl<15 GeV pr(e®)>20 GeV, In(e*)I<2.5, IM(e*, e")-mzl<15 GeV
NLO + Pythia8 NLO + Pythia8
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- 5FS, N0 B + 4FS, INLO ——

Ratio over 5FS (shape-level)
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o
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- R ;% L .
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= 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@NLO, O(+0.5%).



An improved prediction of p’_}
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= Can we explain the difference
samples? No.

= No sizable dependence on the
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invariant mass of the lepton pair.




An improved prediction of p’_}
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= Can we explain the difference in shape in observed spectrum vs the current MC
samples? No.

= No sizable dependence on the pseudorapidity of the lepton pair.
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