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

Emanuele A. Bagnaschi (DESY Hamburg)

In collaboration with F. Maltoni (U. Louvain), A. Vicini (U. Milano) and M. Zaro (LPTHE) [1803.04336]

03 May 2018
Lund University

Lund, Sweden
¥ emanuele.bagnaschi@desy.de



Talk structure

1. Introduction
2. The process

3. Results
B-jets
B-hadrons

4. Impact on the W mass measurement

5. Conclusions

17 pair bb associated production and its impact on the W mass measurement Emanuele A. Bagnaschi (DESY) 1/33



Introduction



Introduction

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

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

Experiment ‘ My
ALEPH - 80.440+0.051 Tevatron+LEP 1l (PDG) 80.385 GeV £ 15 MeV
ATLAS (7 TeV) 80.370 GeV + 19 MeV
DELPHI —_— 80.336+0.067 R

L3 [ 80.270+0.055 experimental errors 68% CL:.-

OPAL - 80.415+0.052

LEP2 —.— 80.376+0.033 ! T . -Mh=1'2££6¢a‘1.aev
.;?/dor: 4941 . _ . ussw

=
[0}
CDF - 80.389+0.019 %
DO - 80.383:0.023 =
Tevatron - 80.387+0.016
x°/dof= 4.2/6
SM MH: 125.6 + 0.7 GeV
Overal|average ~# = 80.385+0.015 oo
Heinemeyer, Holiik, Stockinger, Weiglein, Zeune '13
802 806 L v b b b b Ly
MW[GeV] 168 170 172 174 176 178
m, [GeV]
[PDG16] [Heinemeyer et al "13]
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Introduction
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= 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).

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

= To tune the PS, precisely measured
observables are needed.

= A prime target is the transverse

momentum distribution of the Z (//).

Data (stat uncert) W Data (total uncert)
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[ATLAS 1512.02192]
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Introduction

= The PS non-perturbative tune = One should strive to control as

adsorb in an effective way everything much as possible and leave in the

that has not been properly described tune only universal,

by the theory prediction. non-perturbative effects.

= |n 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

= NNLO differential [Melnikov et al 06, Catani et

AN Z[y*
al '09, Gavin et al '10 and '12] N y
.
= Resummation [Arnold et al '91, Balasz et al '95, /,?7 %%
Ellis et al '97, Qiu et al '00, Kulesza et al '01 K
and '02, Bozzi '10] 7
q I

= NLO MCHPS [Frixione xx, Alioli '08, Alwall et
al '14, SHERPA] EW

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

= NLO EW [Baur et al '97-'04 , Brein et al '99,
al '14, Frederix et a |

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]

y
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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/mz and
0.025 . .
3 less accurate description for
0.02]- kinematic distributions where the
F 18 QCD radiation can be influenced by
0015 E ; the natural mass scale of the
r 1
r 14
001 3% bottom.
C 1 s
[ 4 8
0.005[~ - 8
C: ) ]
2
10, 10
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libb + X production in the 4FS

l
Z/y*

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/myz are included.

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

QCD

= NLO-QCD: [J.M. Campbell and R.K. Ellis
'06, Campbell et al. '03 and '06, Maltoni et al.
'05, Febres Cordero et al. '08 and '09]

b

< l

=l

z/r
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libb + X production in the 4FS

g = The process has been studied up to

Z/r NLO-QCD+PS, using automated
frameworks for the generation of the
amplitudes. [Frederix et al '11, Krauss et al
'16]

b
b

= In the 4FS the bottom quark is /
l

massive and no PDF is present in

=l

the proton.

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

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

Sl
~|
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The frameworks

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

MC@NLO

(da) _
d0/ ucenLo
dog dpMC
Z / {B® M+ Vin®T +/ vcenro @ rd¢MC:| #In(tl = Q)
n>0
dd doMS, dOMCE dpMC
+ Z / RO ———— 10 — Riconto ® I donl] Toa(t = Q)
n>1

= 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@NLQ and
POWHEG-BOX NLO+PS frameworks. To generate the matrix elements, MadGraph and
MadLoop were used in both cases

POWHEG

d _ Ry
(l> = Z/[Bsdth AS 4 A5 POVHEG g,
dO/roumEe ;37 min B

MC

des,
Rz @ TP+ Reg @ Fdd>} d”o n_1(t = p)

B° = B(®}) + [V(‘Db) A /d¢R\BRf=anEc("R|B)]

_ ® , P
A&, p7) = exp{ /d¢ra Rpounea (P rad)@(kT - PT)}

B(®q)
W p
R =" @ = = T
PoEs = oz R0 oo = 5T

= Matching systematic estimated by varying the value of the damping factor and
the shower scale prescription.
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Shower scale (SCALUP) prescription

10" T T T T T T T
PWGATYS, 475, b= 7 % 0.25 PWGATYS, 475, h = mz
e DWGADYB, 475, B bz X 025 s PWGATYS TS, B bz
102  TWGADYE, 475 e, b iz % 035 . PWGATYS 7S, remn. he a7
e*e’(bb) production at the LHC, 13 TeV
NLO + PS
| aMC4PY8, SFS (x0.1) —
10" F aMC+PY8, 4FS, g =412 — 7§
aMC+PY8, 4FS, =412 x0.25 —
— aMC+PY8, 4FS, pgp=Hri2 —
3 0
o 10° F
3
=]
g
2107 F 9
< z
)
z
102 | g
& Qsn [GeV]
]
E
£ i =
109 . . . =  Two different event classes: B and
0 50 100 150 200 t
scalup [GeV] REOENE

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

= Two different kinematic variables
used to defined the shower scale

distribution. = Shower scale for the remnant event
oo . can be modified from the default
= For each one it is possible to apply
& Ao prescription (the pr of the radiated
rescaling” factors.
parton). We apply a rescaling
factor.
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The setup

=« LHC pp @ V/S=13 TeV.

= PDF, reference set: NNPDF3.0 (nf=4), ag = 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
5).

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

Neutral-current Drell-Yan 4FS ilbb
1 — - _ _ Charged-current Drell-Yan
= pr= g/ M2+ py (I1)2 o pe= 2 MO2 4y (712
= = - — = e = \/ M2 + py (/)2
© = g/ M2 + py () o pp= L /M2 + p (T2
i - - = iiy2 ihy2
= Gen. cuts: M(Il) > 30 GeV = Gen. cuts: M(/l) > 30 GeV (i M(I? + py (1)
= Analysis cuts: = Analysis cuts: = Analysis cuts: .
L py (/1) > 20 Gev 1. py (1) > 20 Gev = ;’Lé’v/m’ss’”g) >
2. (/) < 2.5 2. n(l/]) < 2.5 . oY
3. [M(l) — Mz| < 15 3. [M(T) — My| < 15 - dFE) <2
GeV GeV
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Results



5FS: the transver tum of the // system

108
e*e” production at the LHC, 13 TeV
pr(6220 GeV, In(6*)i<2.5, IM(e*, e7)-mzl<15 GoV
= Different initial state flavor 102 NLO+PS —

contribute in a different way

= Bottom contribution peak shifted.

= Bottom: first bin kink due to PS

g per bin [pb]
3

when bottom quarks are involved.

x
100 2
g
<
initial state quark | cross section (pb) | % z
&
u 245.54 + 0.13 33.0 107} =l L " :
d 277.98 + 0.14 374 2 = ratio over all flav. {shape-level) -
c 63.86 4+ 0.07 8.6
s 127.90 + 0.09 17.2 1
b 28.31 4 0.05 3.8
total 743.61 + 0.22 100.0 0 . : : !
0 10 20 30 40 50

pr(2) [GeV]
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4FS: the transverse momentum of the //bb system

10? - 2 [ e*ebb production at the LHC, 13 TeV. ]
e*e’bb production at the LHC, 13 TeV prie®>20 GeV, In{e%1<2.5, IM{e*, &)-mz<15 GeV
L[ prie20 GeV, eic2.s, IMe", epmyi<s Gev PrTae
10" F NLO (+PS) E 015 F 3
o — -
1
AMC+PYE, pgy=t12 x0.5 = = -4 -
AMCHPYE, pey=tV2 x0.25 — = B
10° SHC Y5, popetiz = = ] & 1 |peopl tpotoncsccoads
AMCHPYE, etz 0.5 — 8 g
PWG+PYS, hemy = = 3" aMCHPYB, pon=t¥? x0.25 —
PWG+PYS, h=mpx0.25 — AMC+PYS, b=tz = = :
1 05 F CAPYE, pyelz x0.5 s q

WG+PYE, h=m; = =
PWG +PY3, hamzx0.25 —
h L

102 | 2 H
-3 L . 4
10 o5
1
£
10 L 2 1f--- -
15 b aMCHPYs, 5n=8""% x0.25: scale and PDF uncertainti 1 é "
" HmmmmHHHHHHHH ‘ M = -SEAACEEC‘QEL”:E%;/EXG“EZ__ LA
(IRNRRRRRREEEE R RRRN RN AT [T T 05 B Licirwes, pmetiu0 s a =Ry
@8] scale unc PDF unc. = 1 aMC+HW -+, poy=E 1 50,25 0
\ f ! \ . .
1 1.5 2 25 3 1 1.5 2 25 3

og10(p7(ZBB)[GeV]) logyo(pr(ZBB)IGeV])

= LO system recoils against emitted parton; the pr 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*ebb production at the LHC, 13 TeV aalC e*ebb production at the LHC, 1 )
o [ Pr(ET20Gev, Inesi<2.5, IM(e", &')mzi<is Gev [ priet>20 Gev, Ineti<25, (e, 3
10° F NLo+PS aMCHPYE, =2 %05 - - T aglt 5%
aMC+PYS, o=t 0.2 Q. i
MR Yo, uar-tir 2 g
10! aMCHPYB, pgp=Hr/z x0.5 = | z 1 [ 2
. PING+PYE, hom - = 3 2
T PWG+PYS, hemx0.25 — Zosf %
= PWG +PY8, homx0.25, gy var, 3008 3 3]
<
S0f 0 e 06 B
B )
g g
o 0.4 !
107 | 0
14 S
<
2 58
10° F [
g 5
H ®
o >
108k L L L 2o a
5 aMC+PY8, pen=8""2 x0.25: scale and PDF uncertainties 1] 14 (2)
. ]
y 1 i L AMC+HW, 18172 <05 = = @3
T T T T g4 [ O i 025 — £
05 scale unc. PDF unc. we 7 L L L L L
L L L L n 0 1 2 3 4
0 1 2 3 4 N{b;

= B-jet definition: anti-K7, R = 0.4, at least one b-hadron.
= B-jet cuts: pr(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

- 1.4 | e7edb production at the LHC, 13 Tev ]
eebb production at the LHC, 13 TeV :

10! b 4 prie>20 GeV, m(e*)l<2.5, IM(e*, &)-mzl<15 GeV
pr(e}>20 GeV, In(e*)i<2.5, IM(e*, &'}-mzI<15 GeV, =1 bjet 12} 4
NLO+PS
AMCHPYE, p = x0.5 = = Q 1o
AMCHPYB, poy =412 x0.25 — =
AMC PV, py=H 2 = = B
MCHPYS, gyl 365 — 2 e
T 100 | PWGPYE, hmy = = o 2 SHCAPYE, ponct x5 = -
= PING4PY, homyx0.25 — os | AMCPYE, oy £ 50 25 — 1
I3 AMC+PYE, pay=Hri2 - -
& 04l BMC+PYE, pap=Hr/2 x0.5 —— i
g WGHPYS, ham = =
= 02 | PWG+PYS, hemyx0.25 — ]
o _ - 1 1 1 1
107 E 14 F ]

o =
LS
T
.

102 L L L L
P.A [ aMC+PY8, ygp=8"2 x0 25 scale and PDF uncertainties 1
AMCHPYE, oy L2 0.5 = =

b ] e n e - -
NS sEeEE R RN RN R EE : el ]

AMCrHWr, by =412 x0.25 —

Ratio /ANLO

o
=
T

o
S
T

o6 L scaleune POFume =

o
N
T

L L
0 50 100 150 200 250 0 50 100 150 200 250
pro1) prib1)

= 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, 13 TeV R
1op L 7P production at the LHC, 13 Tev i PrE520 GeV, InfeHi<2.5, IM(e", &-mal<15 Gel. Tl
pris*=20 GeV, (e*}1<2.5, IM(e*, e"}-mzl<15 GeV, =1 bjet 141 1 -
NLO+PS . o ]
AMCHPYE, 18172 0 5 - = ol? =l
aHCHPYE, 2 [ =
z =25
_ MC+PY8, pan =Hr/2 x0.5 —— 208 | ! -
k=) PWGPYE, hemy = = AMCEPY, pyd V205 = = —
S0t} PGPS, hampp0.25 — TO08 | siieve, o — i
g o4 SMCHPYB, pepshf® = = 1
5 - SMCHPYE, oy Hrf2 x0.5 —
a 02 F PWGPYE, hamy - - ]
° - PWG+PYS, hemp0.25 — | §
1.6 | —
102 F 14 F
9 12 F
g [
n n n Sosl
1.4 [ aMC+PY8, =62 x0.25: scale and PDF uncertainties 1 i CE
i A SN C06 | awoere st os - - d
TE | ] AMCIPYS, bV (025 —
a0 L O Y e O T O IO 04 I | alCaHWes, ppp=d12 405 - - 1
o8 L scale unc. PDF unc. 1 02 [ MO bet® x0zs — ]
g L L L L L L
25 50 75 100 125 25 50 75 100 125
Pride) pribe)
]

= 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

e*ebb production at the LHG, 13 TeV'

e*e'bb production at the LHC, 13 TeV 14 Pr{e1>20 GeY, In(e5)<2.5, IM(e", '}mal<1s GeV
Pr{et>20 GeV, m(e*)<2.5, IM(e*, e')-mzl<15 GeV, =1 bjet
NLO+PS AMCHPVE, p=d 12 05 = =
NG HPYE, gyt x0 2 o)
MCPYE, byt 2
AMCHPYB, pgy=Hr/2 x0.5 == <
100 | PWG+PYS, h=mz = = o
=y PWG+PYB, hempx0.25 — $08 aMC PV, Alsn-ewz <05 - - 4
= o« aMC+PY8, i, *0.25 —
- 06 amcmva us,,-Hy/Z --
S i AMC+PY8, ftgp=Hy2 x0.5 = 1
B +PY8, hermz = =
e 04 F PWGHPYS, ham 7x0.25 —— 4
o 1 1 1 1 1
14 E

107 | E 8
z
L L L L S
14 F aMC+PY8, yer=5 AW x0.25: scale and PDF uncertainties 1 k-l
12 F 0 Ge 8205 - =
2 ] osl a;“gf;z;m%;’;g:_ ]
agf ! 1 TTTTTTTTTTTTTTTTETTTT amcmw”usg‘;w --
— N AMCHHWH, 1, =872 <0 25 — ]
o6k | | e PDF unc. L 0.4 . ) . . .
-2 -1 0 1 2 -2 -1 0 1 2
nib1) n(by)

= 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

100 = 1.8 | e*ebb production at the LHC, 13 TeV' i
e*e’bb production at the LHG, 13 TeV 1.6 [ Pr{e%>20 GeV, In(ex)i<2.5, IM(e*, e)-mzl<15 GeV ]
pr{e*1>20 GeV, (e*ji<2.5, IM{e", &')-mzl<15 GeV, =1 bjet 14 B -
NLO+PS AMC+PVE, gy =E12 x5 = = q

SMC 4PV, gy =212 x0.25 — Q12
AMICHPYB, pop=rind2 = = z e
MCIPYE, iyt g 4 FeLiE
PWG+PYB, h=my = = 2 I Tol=Fl ]
PWG+PYS, hompx0.25 — 8 AMCAPYB, 1y =812 <05 = =

0.8
06 | AMCAPYE, 12 £025 — 1
04 aMC+PYS, (1gy=H/2 = =

aMC+PYB, f1gy=Hri2 x0.5 =
02| PWGPYB, hem; = = 1
PWE+PYB, hetn 7x0.25 —

o per bin [pb]
=l
T
L

19‘5 r aMIc+va, ush:é‘lﬁ x0.25: sca\eI and F'DFmelerla\rmes q g
[ 1 L 05 - - ]
L L o8

ot
B e e e e R oa b S Tt .
o8k ] aalk MG LW, e V2 025 — 1
ep see— o= 2 . . . .
2 A ) 1 2 2 A o | 2
o o)
.

= 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

1.8 5
10° - e*e'bb production at the LHC, 13 TeV 1 1_
e*e'bb production at the LHC, 13 TeV' 1.6 pr{es>20 GeV, In(e*l<2.5, IM(e*, &)-mzl<15 Giel
pr{e*}>20 GeV, In(e*}<2 5, IM(e*, &'}-myl<15 GeV 14 F o - M e
NLO+PS IR TR RN Iy S ]
HCHPYE, = 40 5 = = gref . o - d= 1L
aMCHPYE, 1 =412 0.25 — R —1. - .[1]
o1 SMCHPYB, by =Hr/2 = = £ — = 2 iyl !
= Sos | GRS,y 05 = = =
g g b [ amorrvs, mact?0zs — -]
= - SMCHPYE, pgy=H2 = =
8 04 | AMCHPYE, gyt 0.5 —
g WGPV, homy = =
g 0.2 ]
L a5 R
16 | _ e
14 F e s P e
(o R - S —— EHR- =L | ]
9 - = =
£ 1F == -l -
109 T T T SURT ST T s -
P2 F aMC+PY8, pion=8"2 x0.25: scale and PDF uncertainties B 08 SMCHPYE, pep=t2 x0.5 - = L
12| 1 Togl SMCHPY, pp=t112 x0.25 — ]
e L et
o8 b (IR I ‘ 1 0.4 F | aMCrHWer st 025 — 1
i scale une POF unc. ] 02 [ ]
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
m{bby) [GeV] m(bqby) [GeV]

. closer to NLO than

= Suppression of bjets rate in POWHEG w.r.t. to the NLO is manifest here.
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o per bin [pb]

/1 pair bb associated production and its impact on the W mass measurement

WiF

o

02

12

0.8
0.6

4FS: separation

e*ebb production at the LHC, 13 TeV
“l<2.5, IM(e*,

pr{ex)>20 GeV, Infe:
NLO+PS

)-mzl<15 GeV, =2 biet

AMCPYE, 12 x05 = =
AMCPY, =17 x0 25 —
ANCHPYB, payeie = =
MC +PY, poy=Hef2 x05 —
PGPV, hamy = =
PGPS, hemzx0.25 —

PYg, “:é‘@x(l).zs sca\ea;\dPDFuncelnames
e
1] FETFEEEEE T

PDF unc, =

closer to NLO than

of the

atio /ANLO
IS

Tos

hardest b-jets

e*ebb production at the LHC, 13 TeV

Pr(e%)>20 GeV, In(e%)l<2.5, IM(e*, emzl<15 GeV, =2 bietr

AMCHPY, 1=t <05 = =

AMCHPY, 1, =812 x0.25 —
aMC+PYE, us,,_Hy/Z

amcmva

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

. - e*ebb production at the LHC, 13 TeV.
&*ebb production at the LHC, 13 TeV 12| Priet20 GoV, etic2s, IM(e &) mpi<is Gev ]
101 prie*}=20 GeV, In(e*}l<2 5, IM(e*, &'}-mzl<15 GeV i
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N
. peaks at lower masses than aMC@NLO+PY8, similarly to aMC@NLO+HW++.
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4FS: Invariant mass 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 1 pilet)>20 GeV, In(e)<2.5, IM(e", €)-mzl<15 GeV, =1 bjet 1
pr(e}>20 GeV, n(e*)i<2.5, IM(e*, &')-m;l<15 GeV, =1 bjet =
NLO+PS o L o g o ol T o ke
SMCHPYE, =212 0.5 = = 2
MCPVE, m—awz w0.25 z08
oL 3 t
= © 206 aMceve LR 0s -
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= 04 | ACHPYB, poy=H = ]
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I H :
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]

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

10°

e*e'bb production at the LHC, 13 TeV'
pr(e*)>20 GaV, In(s*}i<2.5, IM(e*, &")-m;1<15 GV, 22 bist
NLO+PS

HCHPYE, =7 405 = =
AMCHPYS, poe V% 40,25

L L L L L L L L L
[ aMC+PY8, ygp=8"2 x0 25 scale and PDF uncertainties 1

EERENN

PDF unc. e

0 50 100 150 200 250 300 350 400 450 500
m(B4B,) [GeV]

Ratio /NLO

Ratio /NLO

o

The difference becomes less prominent if we

e*e'bb production at the LHC, 13 TeV. R

prie®)>20 GeV, In(e*jl<25, IM(e*, &}-myl<15 GeV, =2 blet
MGV, byt 605 = =
MCHPY, b el 12 x0.25 —

AMC+PYE, pep=Hrf2 = 4

AMCHPYS, pgp=Hr/2 x0.5 =

PWG+PVa, hemy -
o PWGHPYE, hempx0.25 —

AMCPVE, pand1? w5 = =
HCHPYE, b1 .25 =
AMCHW 17 305~

AMCHW s, 12 x0.25 — ]
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tag 2 b-jets.
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4FS: separation of the hardest b-hadrons

. ) e*e’bb production at the LHC, 13 TeV.
101 | ©7e™bb production atthe LHC, 13 Tev i 1.2 b Pr{e9>20 GeV, In(e5)<2.5, IM(e*, e'}-mzl<15 GeV 4
pries>20 GeV, In(exji<2.5, IM(e", &)-mzl<15 GeV —
NLO+PS =
Q1
2
&
208
= e ] £ aMCHPYB, pep=d12 X0 5 = =
g 10 & AMCHPYS, pey212 x0 25—
o APV, pap=Hirf2 = =
5 0.6 SMCHPYE, pgy=Hf2 x0.5 =
5 PWGPYE, homy = =
a PWG+PYB, h=mx0.25 =
° MOHPVE, oyt 505 - - 041 L N L L " n
10 b MC+HRYVE, 1aybV2 0,25 — ]
aMC+PVE, pop=Hri2 - = 1.2
BMC+PYS, pgp=Hy/2 x0.5 —
PWG+PYVa, hemy - - =
DR - IR R = il e, PR SR
- 4
102 L L L L L L L L L B 08
?.4 [ aMC+PY8, p.,=8"2 x0.25: scale and P bl g™
12 F ‘ e e ‘ ‘ ] T HMCHPVS, byl x05 = =
. | o |k aCAPYE, b2 X025 — ]
0s i ‘ ‘ [N EEEEE ‘ ‘ ‘ ‘ ‘ I ‘ ‘ ‘ 1 AMC+HW ++, =82 x05 = =
¥ scale unc. PDF unc. we BMC +HW+, pg =412 x0.25 —
06 F. .. L L L L L L L lnnndl 04 L L L L n L 1
o 1 2 3 4 5 6 7 8 9 10 6 1 2 3 4 5 B 7 8 9 10
AR(B4By) AR(B4Bp) [GeV]
]

= 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

101 " e*e’bb production at the LHG, 13 TeV
e*e’bb production at the LHC, 13 TeV 12 | prie®)>20 GeV, m(e%l<2.5, IM(e*, &)-mzl<15 GeV, =1 bjet 4
prie*}>20 GeV, m(e%l<2.5, IM(e", &)mzl<15 GeV, =1 bjet —
NLO+PS

Ratio /NLO

- 08 MCPYE, boy=b12 x5 = -
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s MCHPYS, boyeHrlZ 505 —
] E “PWGPYE", hom - -
| Pweepver, homyxo2s — ]
3 AMCPYE, pan=d1 w05 = = 0 ) [ . . . .
CHPYE, byt 0,25 —
AMCHPY, opeHy2 = = 1.2 b 1
102k SMC+PYE, pep=Hiri2 x0.5 — =

PWG+PYS, h=mz - -

Q 1
PWG+PYS, hamzx0.25 — 2
L L L L L L L Sos
1.4 [ _aMC+PY8, pen=5""2 x0.25: scale and PDF uncertainties 1 3
12 F r ‘ L [ ‘ ‘ T ‘ ] Ge BMCHPYE, a1 x5 - -
p Ll 0.6 AMCHPYE, yoy=412 x0.25 —
0.6 [ MG, 12 x5 - =
as B scale unc PDF unc. == 1 0.4 | shCrivre, pct® 028 — ) ) ) i
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
AR(B;By) AR(B1Bp)
]

= 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.

/1 pair bb associated production and its impact on the W mass measurement Emanuele A. Bagnaschi (DESY) 20/33



10°

<

o per bin [pb]
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4FS: separation of the hardest b-hadrons

e*e’bb production at the LHC, 13 TeV
pr{e*1>20 GeV, (e*ji<2.5, IM{e”, &')-mzl<15 GeV, =2 blet
NLO+PS

MCHPYE, byt w05 - -
AMC+PYS, poy=8"2 x0.25 =
AMC+PYB, pop=hyi2 = =

PWG+PYS, hemy = =

1z ™

aMC+PYB, pop=Hri2 x0.5 — =

PWG+PYE, homx0.25 —
L L L
:T@ x0.25: scale and PDF uncertainties

3
BEREREREERE \

scale unc. PDF unc, =
L !

TTY” T P
[T T

1 2 3 4
AR(B1By)

POWHEG closer to NLO than aMC@NLO.

Great difference in aMC@NLO between the two showers, unless 2 b-jets tagged.

5

22 | efebb production at the LHG, 13 TeV

(e%1>20 GeV, In(e*)<2.5, IM(e*, &')-mzl<15 GeV, 2 bjal |
AMCAPYE, 1yl x0.5 = = 1
AWCAPYE, 1oV 40,25 —mr
AMCHPYB, ryyetef2 = =
MCHPYB, fypebir2 x0.5 —
n

AMCHHW-, ey =BV 205 - -
AMCHHW -+, ey 20,25 —

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

um 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*)<2 5, IM(e*, )-mzl<15 GeV pr{e*)>20 GeV, In(e*)l<2.5, IM{e*, e)-ml<15 GeV
101 25 F Ratio over fLO ]
NLO+PY8 (i1,=8172 x0.25) —
. LO+PY8 (rg,=817 x0.25) = =
8 NLO ——
—_ »
<100 | Loy 10 =e
a o o
= = =
3 g . ®
o0g >
© 1 B 1 9;—0-0 ®o-0 & BEF 8 020 2 —0m - 00 &[=
- | |
10 2 . NLO+PY8 (g, =812 x0.25) — o'
=
’g 05 [F ! LO+PY8 (ush=8"2 x0.25) = = 1§
-, I8 Lo —— 1S
=F o -+ 15
10-2 1 1 1 0 N " o
& =0 e LR 200 0 50 100 150 200

p1(2) [GeV]

= Large differential NLO k-factor.
= Sizable effects from PS.
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o per bin [pb]

107

/1 pair bb associated production and its impact on the W mass measurement

i LO+PY8, §12x0.26 —

e*e’bb production at the LHC, 13 TeV
pr{e)>20 GeV, In(e*)I<2.5, IM(e, &')-mzl<15 GeV
NLO+PS <
NLO+PYB, ygn=8"2 x0.5 = =
NLO+PY8, =812 x0.26 —
= LO+PY8, 81205 = =

- NLO+HW++, pgp=812 x0 5 = =
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- LO+HW ++, 812 x0.5 = =
= LO+HW++, §12 x0.05 —

MadGraph5_aMC@NLO
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pr(Z) [GeV]

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

Ratio /INLO

=
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e*ebb production at the LHC, 13 TeV
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= 1z
' o
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4FS: the transverse momentum of the // system

1.6 | e'ebb production at the LHC, 13 TeV
Priet>20 GeV, In(e%)l<2.5, IM(e*, & }-mzl<15 GeV

e*e’bb production at the LHC, 13 TeV
Prie®>20 GeV, In(e*)l<2.5, IM(e*, &')-mzl<15 GeV 14
107 b NLO+PS
MC+PYE, =2 x5 = =
AMC+PVB, pen=t12 x0.25
aMCHPYS

o
T

Ratio NLO

APV, e

= hRE B aMCPY8,
g 08 ACAPYS, il 025 —
c 100k SMCHPYE, 1, =Hi2
£ o6 | ACAPYS, 2 05 ]
5 PWGPYB, hern
a 04 L PWGHPYB, hetnpd.25 — 1
® L L L L

107 | i8|p ]

14+ 1

o

Ratio NLO
o
® =

APV, 1yl 05 = =

1 -2 1 1 1 1
P2 F aMC+PYS, =817 x0.25: scale and PDF uncertainties q
12 F ‘ |

L
1 P AMC+PYB, (=872 x0.25 —— ]
os | : N —— 9 L el
0 50 100 150 200 250 4 50 100 150 200 250
priZ) [GeV] pri(Z) [GeV]

= 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 PYTHIAS and
HERWIG++, especially in the first bins; non trivial dependence on pr.
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4FS: the transverse momentum of the // system

10’ N 1.6 | e'ebb production at the LHC, 13 TeV
e*e'bb production at the LHC, 13 Tev Priet}>20 GeV, In(e*)l<2.5, IM(e*, & }-mzl<15 GeV, »1 biet
Pr(et)>20 GeV, In(e5)l<2.5, IM(e*, e')-mzl<15 GeV, =1 bjet 14 1
NLO+PS 8
APV, =412 40 5 = = 912
NICHPYE, oyt 12 x0.25 — 4
ol MEPE pive - - | = 9
_ 10 g Pt -
g = £os T et 025 —
= aMC+PYS, (g =Hays
=) 06 F amcmva itan=Hi2 4
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e ~ 04 | Pwewva hemzx0.25 — 1
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107 E 5 E 16 d
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912
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S £
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4 aMC+PY8, po=8"2 x0.25: scale and PDF uncertainties Sos
12 AMCAPYB, 1= 05 = =
SMCLPYS, et 10,25 —
‘H\mmmHHHHUM ool ; ]
EERREEREEREEEREEEREEERE AMCHHW =82 205 = =
08 | o AMCHHW++, 18172 x0.25 —
scale unc PDF unc, m= L E
0.6 | L s L L L L L L
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p1{2) [GeV] p1(Z) [GeV]

= 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 PYTHIAS 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*ebb production at the LHG, 13 TeV ]
etebb production at the LHC, 13 TeV 186 F priet>20 GeV, m(e*jl<2.5, IM(e*, &'}-mzl<15 GeV, =2 b
prief>20 GeV, In(et)l<2.5, IM{e*, e')-mzl<15 GeV, =2 bjet

NLO+PS 4
PV, =12 405 = = 912
MC PV, o2 X025 — H
aMC+PY8, pep=H/2 = = £ 1 T
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=107 | X 5 " L
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S Ty | 00 e
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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 PYTHIAS and
HERWIG++, especially in the first bins; non trivial dependence on pr.
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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 = Improved description which keeps
by vetoing B-hadrons in final state. into account the mass of the quark.

dobest doPFS—Bveto dodFsS

== = + =
dpi ] dpri / dpi ]
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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*)l<2.5, IM({e*, &")-mzl<15 GeV pr{e®)>20 GeV, In{e¥)l<2.5, IM{e*, e')-mzl<15 GeV
NLO + Pythia8 NLO + Pythia8
5FS,no B = = 5FS,noB = =
5FS, no B + 5FS b PDF only = = 5FS, no B + 5FS b PDF only
105 F SFS, no B + 4FS, PY8, pen =82 x0.5 = = | 105 | SFS, n0 B +4FS, PY8, h=mz, pgn=def. = = |

5FS, N0 B + 4FS, PY8, gy=812 x0.25 —
5FS, no B + 4FS, PY8, pgp=Hr/2 = =
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5FS, no B + 4FS, fNLO ——

5FS, no B + 4FS, PY8, h=mx0.25, prgy=def. —
SFS, 0 B + 4FS, PY8, h=my, prep=def.x0.5 = =
SFS, N0 B + 4FS, PY8, h=mzx0.25, isn=def.x0.5 ==
SFS, n0 B + 4FS, fNLO ——

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

[o]
z
& 1
(S}
=
3
S
2
g g
(9] T el -
0.95 . 1 . 1
0 20 40 60 80 100 0 20 40 60 80 100
pr(2) [GeV] p1(2) [GeV]

= 5FS b-contribution: non-trivial shape, the two contributions are of the same
order of magnitude at large pr, 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%).
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An improved prediction of p’_}
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08 . | . , B 0B h L . . z
1.2 F pr(e*)>20 GeV, Infe*}l<2.5, 116<M(e*, &'}<150 | ) 1.05 [ prie%=20 GeV, In(e*)|<2.5, 116<M(e*, & }<150 13
et ey b L 1
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= Can we explain the difference in shape in observed spectrum vs the current MC
samples? No.
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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.
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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
R, )=
best der

> ( 1 doSFS > -
' 5FS  1FI—
tuneX: fid dp tuneX

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

1 do®P 1 doSFS 1 dobest (#/—) 1 doSFS
= — — — = R(p, =
o&P - 5FS o rr— obest o5FS
Td P T L | guner Tid L | e fid 9L | iuen
3. From 1.4-2. it follows that:
1 do5FS 1 1 doSFS
5FS - = = 55FS -
Tfid dp tune2 R(pL ) “fid dp tunel
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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/,, M?V, 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 w+ w- Combined
Kinematic distribution p% my p% my p,? mry
Smy [MeV]
(u) scale factor 0.2 1.0 0.2 1.0 0.2 1.0
XEt correction 09 122 1.1 102 10 112
Residual corrections (statistics) 2.0 27 20 27 20 2.7
Residual corrections (interpolation) 1.4 3.1 14 3.1 1.4 3.1
Residual corrections (Z — W extrapolation) 0.2 58 0.2 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: p/T, Ml,b, pr(missing).

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

0.03 ---Powheg QCD + Pythia QCD + Photos

Norm. entries / 0.5 GeV

— Horace LO W — pv LHC

Mr = \/ZPITp?’SS(l — cos A¢)
Stability under radiative corrections.

Suffer from pileup and detector

effects since it relies on E7.

Peak around myy.

0
50 55 60 65 70 75 8 8 90 95 100
mt (GeV)
[Carloni Calame et al '16]
W-boson charge w+ w- Combined
Kinematic distribution p% my p% my p,? mry
Smy [MeV]
(u) scale factor 0.2 1.0 0.2 1.0 0.2 1.0
XEt correction 09 122 1.1 102 10 112
Residual corrections (statistics) 2.0 27 20 27 20 2.7
Residual corrections (interpolation) 1.4 3.1 14 3.1 1.4 3.1
Residual corrections (Z — W extrapolation) 0.2 58 0.2 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 | y?/dof
categories [MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. | of Comb.
mr, W, e-u 80370.0 | 12.3 83 6.7 14.5 9.7 9.4 34 169 309 2/6
mr, W™, e-u 80381.1 | 13.9 88 6.6 1.8 102 97 34 162 305 7/6
mr, W*, e-u 80375.7 | 9.6 78 55 13.0 83 96 34 102 251 11/13

Wt ept 80352.0 | 9.6 6.5 8.4 25 S22 83 57 145 235 5/6
P Wiepn 80383.4 | 10.8 7.0 8.1 25 6.1 8.1 57 135 236 10/6
p{, W, e-u 803694 | 7.2 6.3 6.7 25 4.6 83 57 9.0 187 19/13
P W e 80347.2 | 99 0.0 148 2.6 57 82 53 89 231 4/5
mr, W, e 80364.6 | 13.5 0.0 144 13.2 12.8 95 34 102 308 8/5

mry-pt, W, e 803454 | 11.7 0.0 16.0 3.8 74 83 50 137 274 1/5
mr-pt.. W™, e 80359.4 | 129 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 e*v production at the LHC, 13 TeV
pr{e)>26 GeV, In(e)<2.5, E{™% » 25 GeV pr{et)>25 GeV, In(e*)l<2.5, E{™E » 25 GeV
1.01 | NLO + Pythias 1 1.01 ' NLO + Pythias 1

se0000000,,
e 90000,

Aty I Ay
rwgt 5FS, o B +4FS, INLO + rwgt 5FS, no B + 4FS, INLO +

099 | SFS, 10 B + 4FS, PYB, ey, fuyedef. - = L 0.99 | SFS. 108 + 4FS, PYB, hainy, fuy=def. - = N
5FS,noB + 4FS, PY8, x0.25, 1 gp=del. — g 5FS, no B + 4FS, PYB, =i %0 25, t,y=del. — g
5FS, no B + 4FS, PY8, hamy, pg=def x05 - - £ 5FS, N0 B + 4FS, PY8, hamnyz, g y=del x05 - - £
5FS, N0 B + 4FS, PY8, hamzx0.25, 3 5FS, no B + 4FS, PYB, N=im %0 25, 1, p=def x05 — 3
50 60 70 80 80 100 30 40 50 60
Mr [GeV] prie) [GeV]
= Templates generation with both the and MG5_aMC@NLO at NLO+PS
in the 5FS.

= Different shape of the Jacobian peak for p’Ti in the two Monte Carlos.

= Largest effects from the reweighting outside the canonical fit window.
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The templates

e*v production at the LHC, 13 TeV e*v production at the LHC, 13 TeV
pr{e*>25 GeV, In(e?)<2.5, Ey™= > 25 GeV. pr{e®1>25 GeV, In(e*)l<2.5, Ey™*® > 25 GeV
1.01 | NLO + Pythias 1 1.01 ' NLO + Pythias 1
by L eessresesessessasassesrorerd
U : LTy 1
amyartomev — 0 I S S
Ay Q Q
Afy=10 MeV = = 3 Ay ]
Amy=-20 3 Ay =20 MaV 3
Iwgt 5FS, no B + 4FS, PY8, g, o Wgt5FS, no B + 4FS, PY8, r=b1? x0.25 — o
0.99 [ mgt5FS, n0B + 4FS, PYB, ry=d'2 x05 - = 15 0.99 | wgi 55, no B + 4FS, PYB, =81 x0.5 - 15
WGLEFS, N0 B + 4FS, PYB, ftyy=H1/2 x05 — & gt 5FS, 10 B + 4FS, PY8, (1,p=Hy/2 x0.5 — &
rwgt 5FS, no B + 4FS, PY8, pop=Hr/2 - - 2 gt 5FS, 10 B + 4FS, PY8, rap=hi2 = = 2
wgt 5FS, no B + 4FS, INLO ¢ = Wgt5FS, no B + 4FS, INLO & =
1 h . . . H L
50 60 70 80 90 100 30 40 50 60
Mr [GeV] prie*) [GeV]
= Templates generation with both the POWHEG-BOX and at NLO+PS

in the 5FS.
= Different shape of the Jacobian peak for p’Ti 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 ] . , T
Mr fit range: 66 GeV<M<99 GeV pr(lep) fitrange: 32 GeV<pr(lep)<45 GeV
120 No rwgt = = i 60 . 4
rwgt h=my, pg=def.x0.5 - - No rwgt
firwgt h=m»x0.25, yp=def.x0.5 — rwgt h=my, pp=defx0.5 = =
100 + y rwgt h=mg, pgp=def. = = i rwgt h=mzx0.25, pgn=def.x0.5 —
§ { rwgt h=my, pg,=def. = =
rwgt h=mzx0.25, pgp=def. —
80 - - 40 rwgt INLO — -
Y
ES P
60 i
40 I 1 20 -
& o
20 g - g
S ~. - &
8 ¥ 7 5
0 0 il ==
-10 -5 0 5 10 -10 0 5 10
AM [MeV] AM [MeV]

= Granularity of 1 MeV.
= Positive sign shift, at most reaching +5 MeV.
= Quite similar effect in and in MG5_aMC@NLO.
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Shift on the W mass measurement

T T T
pr(lep) fitrange: 32 GeV<pr(lep)<45 GeV

No rwgt

wot P =82 x0.5
gt pen=a"2 x0.25
rwgt pgn=H/2
rwgt pgr=HT/2x0.5
rwgt fNLO

MadGraph5_aMC@NLO

T T T
M fit range: 66 GeV<M1<99 GeV
60 - b 60 -
Norwgt = =
rwgt pg=812 x0.5 = =
rwgt per=812 x0.25 —
rwgt pgp=H/2 = =
rwgt pgp=H1/2x0.5 —
40 rwgt INLO =— B 40
Y Y
x x
C
=
=
®
C
20 £
o
=
o
o
1o
El
@
=
0
-10 -5 0 5 10 -10

AM [MeV]

= Granularity of 1 MeV.
= Positive sign shift, at most reaching +5 MeV.
= Quite similar effect in POWHEG-BOX and in
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Dependence of the shift on the fit window

= ety produstion atthe LHC, 13 TeV
O, priet}=25 GeY, nte)l<2 5, ET™= = 25 Gev
3 1.01 ' NLO + Pythias
&
asooro S esssuna,
by, gt INLO N
e —
= amres20 1Y
S R e
8 20 MoV
O} gl SF5. 10 B 4 475, MLO &
3 0.8 5,10 1475, P18, hermg, pmdl. - - N
g SFS. o 81 4FS. PV, hempe0 26 ptel. — g
i 0 8. 455, PYE, g, e 205 - = H
Y 2 SF5. 0 8+ 4F5. Y8, emgad 26, p el 05 — H
£
:S 30 40 50 60
& pr(e’) [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

= ety produstion atthe LHC, 13 TeV
O, priet}=25 GeY, nte)l<2 5, ET™= = 25 Gev
F 1.01 NLO + Pythia8
&
o oo ehsesresersrsasanssarasses]
1 = == ™
ANy, rwgt fNLO. o e

9 Ay 10 MeY — 3
- z Amy=+20 Mo =
= @ =10 MoV - - g
3 s} Amy=20 MoV 3
&, = (WGLSFS, 12 B+ 4FS, Y8, ol 025 e g
K] < 0.8 | mglSFS, no B+-4F 5, PY8. pond x05 - - H
e o G SFS, 10 B+ AFS, P8, ghef2 10.5 g
A £ gl SFS, 10 B + 475, B8 iz - 3
& i el SFS, n3 B+ 4FE. MO o 2

& i L

2 30 40 50 60

= pr(e*) [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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Conclusions




Summary and perspectives

The /lbb 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?

Z/ q

i
=
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Summary and perspectives

W mass
=  We have estimated the impact of . : .
including an improved description of pr(lep) fitrange: 32 GeV<pr(lep)<45 GeV
the bottom induced contribution on 60 NP o 1
the I spectrum with respect to the rwgth=my, ysy=def.x0.5 - -
L. rwgt h=mzx0.25, pgp=defx0.5 =
standard 5FS description. rwgt h=my, pgp=def. = =
rwgt h=mzx0.25, pgp=def. ——
= The impact of these effects are 40 rwgt INLO — g
estimated to be =
= Future: Study how the picture o0 b 4
changes using the same approach to
[ o
generate the reweighting function FoT™ ’ £
but - : —= " 5
0 l - 1
-10 0 5 10
= Future: Understand the differences AM [MeV]

in the p’T templates between the
POWHEG-BOX and MG5_aMC@NLO.
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Backup slides



scale choice

= Scale chosen to minimize the 102
differences between the 5FS
bottom-only contribution and the
4FS description.

o = /MY + (72

00 OO OO0 0000, 13 00
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0 + 0Omms
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scale choice

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

o = 1y/M(ID2 + po (T2

o pr= g\ M2 + po ()

Setup-observables o w/ cuts

5FS pp — el e 754.37 02T
5FS bb — ete 28. 89+227 °1+_2266
4FS MG5_aMCONLO pp — e"e ™ bb | 30.1175,8F1.7,
4FS NLO pp — et e~ bb 30. 21+21 8“ 7
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Effective scale

o per bin [pb]

10'
e*e’bb production at the LHC, 13 TeV
pr{e)>20 GeV, In(e*)l<2.5, IM(e*, &')-ml<15 GeV
109
9
107 =
&
)
2
-
&
E
2
102 Wb
0 100 200 300 400
M[GeV]

= Peak at M of O(30 GeV).

Following refs. [Maltoni et al "12] and
[Lim et al 16], universal log factor
associated with g — bb splittings:

L= o (W(e+,e—) 1 —z,-)2>

m% Zj

M (et e7)
5;

si=(g1 +9- + k)?

We define the effective scale as

zZi =

—\(1-2)
M(et,e™)~—2
( ) Vi

M



