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Outline of the talk

* Introduction and motivations

» Associated production e"e bb : exclusive final states with bottom quarks
- QCD uncertainties
- phenomenology

* Inclusive e"e” transverse momentum distribution: very high-precision tests of the SM
- heavy quark contribution

- 5FS vs 4FS

* Interplay between neutral- and charged-current Drell-Yan and the MW determination
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no new physics so far, need to look for small deviations from the SM

Perturbative improvement
(NNLO, N3LO, resummation,...)
of the cross section predictions

for individual processes
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for individual processes - simultaneous global fit of
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Foreword

Precision physics at LHC

no new physics so far, need to look for small deviations from the SM

Perturbative improvement Systematic discussion between th and exp
(NNLO, N3LO, resummation,...) of the whole measurement procedures

of the cross section predictions - backgrounds

for individual processes - simultaneous global fit of

several processes

example:

MW is extracted from charged-current Drell-Yan
all the calibrations are based on neutral-current DY
the uncertainty estimate requires the knowledge of correlations

— non-trivial point for theoretical uncertainties
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Precision physics at LHC

Observables are quantities defined in terms of a counting procedure:

Cross sections, asymmetries

The lagrangian parameters, e.g. the masses (MW, mtop,...) are not observables,

they belong to the realm of pseudo-observables.

We measure them via a template fit procedure, i.e.
- we compute some kinematical distributions that depend on these parameters

- we keep these parameters as free variables and
try to maximise the agreement in the comparison with the data

thus selecting the measured value
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Foreword

Precision physics at LHC

Observables are quantities defined in terms of a counting procedure:

Cross sections, asymmetries

The lagrangian parameters, e.g. the masses (MW, mtop,...) are not observables,

they belong to the realm of pseudo-observables.

We measure them via a template fit procedure, i.e.
- we compute some kinematical distributions that depend on these parameters

- we keep these parameters as free variables and
try to maximise the agreement in the comparison with the data

thus selecting the measured value

The uncertainties affecting the templates must be propagated as

theoretical systematic uncertainties in the error of the parameters
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MWV determination at hadron colliders: observables and techniques

MW extracted from the study of the shape of the MT, pt_lep, ET miss distributions in CC-DY
thanks to the jacobian peak that enhances the sensitivity to MW
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MWV determination at hadron colliders: observables and techniques

MW extracted from the study of the shape of the MT, pt_lep, ET miss distributions in CC-DY
thanks to the jacobian peak that enhances the sensitivity to MW
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Challenging shape measurement:
a distortion at the few per mil level of the distributions yields a shift of O(10 MeV) of the MWV value
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MWV determination at hadron colliders: observables and techniques

MW extracted from the study of the shape of the MT, pt_lep, ET miss distributions in CC-DY
thanks to the jacobian peak that enhances the sensitivity to MW
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— Are all the relevant (i.e. that distort the shapes) radiative corrections under control?
— s the interplay between NC-DY and CC-DY under control?
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MW determination: proton PDFs and heavy quark role

ATLAS arXiv:1701.07240

Combined Value Stat. Muon Elec. Recoil Bckg. |QCD | EW [PDF (lotal | y2/dof
, i MeV Unc. Unc. Unc. Unc. Unc. | Unc. jUnc. |Unc. [Unc. f Comb.
my = 80369.5 + 6.8 MeV(stat.) + 10.6 MeV(exp. syst.)|+ 13.6 MeV(mod. syst.) i (MeV] | Unc. Unc. Unc. Unc. Unc ) Unc. JUnc |Unc. Pnc | of Com
mt, W*, e-u 80370.0 | 12.3 8.3 6.7 14.5 9.7 9.4 34 1169 1309 2/6
= 80369.5 + 18.5 MeV, mr, W=, e-u 80381.1 | 139 88 66 11.8 102 | 97| 34 |62 Bos| 76
mr, W=, el 80375.7 9.6 7.8 5.5 13.0 8.3 9.6 34 1102 [25.1 11/13
p-{i-, W+, e-u 80352.0 9.6 6.5 8.4 2.5 5.2 8.3 57 1145 1235 5/6
p-fr. W=, e-u 80383.4 | 10.8 7.0 8.1 2.5 6.1 8.1 5.7 1135 [23.6 10/6
p%, W=, e-u 80369.4 7.2 6.3 6.7 2.5 4.6 8.3 5.7 9.0 18.7 19/13
£ +
. o R Pt W= e 80347.2 9.9 0.0 14.8 2.6 5.7 8.2 53 8.9 123.1 4/5
The MW measurement is mostly limited by meWee | 803646 | 135 00 144 132 128 | o5 | 34 [102 pos| s
mT-pi., W+, e 803454 | 11.7 0.0 16.0 3.8 7.4 8.3 5.0 (137 1274 1/5
M M mt-pr, W.e 803594 | 129 0.0 15.1 3.9 8.5 8.4 49 1134 276 8/5
modelling systematics L wee |sosos| 50 00 147 a3 61| 83|51 |0 kao| 1
p.?, W=, u 80382.3 | 10.1 10.7 0.0 2.5 3.9 8.4 6.0 110.7 214 77
mr, W=, 1 80381.5 | 13.0 11.6 0.0 13.0 6.0 9.6 34 |11.2 [27.2 3/7
mT—pi.. W+, u 80364.1 11.4 124 0.0 4.0 4.7 8.8 54 117.6 127.2 5/7
mT-pI, W=, u 80398.6 | 12.0 13.0 0.0 4.1 5.7 8.4 53 |16.8 1274 3/7
MT-PTs W=, u 80382.0 8.6 10.7 0.0 3.7 43 8.6 54 1109 [21.0 10/15
4 +
MT-P7s W™, e-u | 80352.7 8.9 6.6 8.2 3.1 5.5 8.4 54 1146 1234 7/13
QCD and PDF effeCtS are mT-p%, W=, e-u | 80383.6 9.7 7.2 7.8 3.3 6.6 8.3 53 |13.6 1234 15/13
4 +
. . o . mrt-pr, W=, e-u | 80369.5 6.8 6.6 6.4 2.9 4.5 8.3 5.5 9.2 18.5 29/27
two of the dominant systematic uncertainties ! |
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MW determination: proton PDFs and heavy quark role
ATLAS arXiv:1701.07240

Combined Value Stat. Muon Elec. Recoil Bckg. |QCD | EW [PDF (lotal | y2/dof
: : : : MeV] | Unc. Unc. Unc. Unc. Unc. | Unc. |Unc. |Unc. |Unc. | of Comb.
my = 80369.5 + 6.8 MeV(stat.) + 10.6 MeV(exp. syst.)|+ 13.6 MeV(mod. syst.) camgories (MeV] | Une.  Unc.  Une ne. ne. | one jene (URe. pae ] o om
, mr, W+ e | 803700 | 123 83 67 145 97| 94 | 34 |169 Poo| 26
= 80369.5 + 18.5 MeV, mr, W™, e-ut 80381.1 | 139 88 66 11.8 102 | 97| 34 |162 Pos| 76
mr,W* e | 803757 | 96 78 55 130 83| 96 | 34 |102 psi| 1y13
P, W*, e 803520 | 96 65 84 25 52| 83|57 |as p3s| 56
P W=, e-u 803834 | 108 70 81 25 61| 81|57 1135 kel 106
ph, W=, e- 80369.4 | 72 63 67 25 46| 83|57 |90 (87| 1913
'3 +
. .. P, W=, e 803472 99 00 148 26 57| 82|53 |89 hai| 45
The MW measurement Is mOStI)’ ||m|ted by mr, W=, e 80364.6 | 13.5 00 144 132 128 | 95 | 34 |102 pos| 85
mrpf Weoe | 803454 | 117 00 160 38 74| 83 [ 50 137 pral 15
. . mr-ph. W= e [ 803594 | 129 00 151 39 85| 84 | 49 |134 p16| 85
modelling systematics i e |somos| 50 00 147 33 a1 | s3] 51|50 pro|
pl. W 803823 | 101 107 00 25 39| 84|60 |07 hia]| 7
mr, W, i 803815 | 130 116 00 130 60| 96 | 34 |12 pr2| 37
mrpf, W | 803641 | 114124 00 40 47| 88 | 54 {176 pr2| 57
mrpp W | 803986 | 120 130 00 41 57| 84| 53 163 14| 37
mr-ph. WE [ 803820 | 86 107 00 37 43| 86 | 54 [109 p1o| 1015
4 + A /
mr-ph. W* e | 803527 | 89 66 82 31 55| 84 |54 |146 34| 7713
QCD and PDF effeCtS are mr-ph, W™ e | 803836 | 97 72 78 33 66| 83 | 53 |136 34| 1513
£ +
. . c e mr-pl, W=, e | 803695 | 68 66 64 29 45| 83| 55| 92 liss| 2927
two of the dominant systematic uncertainties ! |

CC-DY and NC-DY differ by the initial state flavour structure, e.g. in the heavy quark contribution
CC-DY: udbar, csbar,... 2 W" ="V
NC-DY: u ubar,d dbar, c cbar, s sbar, b bbar,... = y+/Z ="

The calibration of Monte Carlo tools based on NC-DY embeds a bottom-quark contribution.
Are these bottom effects universal / relevant for CC-DY / accurately described ?

Does an improved perturbative description of the bottom quark contributions
- modify the NC-DY observables!?
- have an impact on the Monte Carlo Parton Shower calibration ?

- modify the MW determination!?
Alessandro Vicini - University of Milano 6 DESY, September 13th 2017
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Associated production e e bb

q g
£+ %//é_
b ) nvwm<€+

% g TEOO° Ty

- NLO-QCD corrections to Z production in association with heavy quarks
JM. Campbell and R K. Ellis, hep-ph/0006304

J. M. Campbell, R. K. Ellis, F. Maltoni, and S. Willenbrock, hep-ph/0312024, hep-ph/0510362 ,
F. Maltoni, T. McElmurry, and S. Willenbrock, hep-ph/0505014

F. Febres Cordero, L. Reina, and D. Wackeroth, arXiv:0806.0808, arXiv:0906.1923

- Z production in association with heavy quarks with NLOPS-QCD accuracy
R. Frederix, S. Frixione, V. Hirschi, F. Maltoni, R. Pittau, and P. Torrielli, arXiv:1106.6019

F. Krauss, D. Napoletano, and S. Schumann, arXiv:1612.04640

- Several high precision measurements will benefit from a precise and reliable evaluation of
the differential cross sections for this process
the associated theoretical uncertainties

— systematic reassessment of the theoretical uncertainties

difficult task because it is a multiscale process
— multiple equivalent choices yield a spread of the predictions

Alessandro Vicini - University of Milano DESY, September 13th 2017



Improvement of the (data vs theory) agreement

ATLAS, arXiv:1407.3643

Cross section Measured MADGRAPH aMC@NLO MCFM MADGRAPH aMC@NLO
(5F) (5F) (parton level) (4F) (4F)
oz+1b (pb) 352+£0.02+£020 | 3.66+022 370702 3.0370% 311108 2.3610%7
oz+2p (pb) 0.36+0.01+£0.07 | 037+0.07  0.2973% 0.2970:%% 0.38+99% 0.3570:08
oz+p (pb) 3.88+0.02+022 | 403+024  3.9970% 3.230-% 3.4910:22 2711032
Oz4b/z+i (%) | 515£0.034£025 | 535+0.11 538703 4.7570.2 4631057 3.651070
2
HE
2 2 (
MGS5F m% + pz(jets)
MGA4F mtz - mr(b,b)
ALPGEN inz4-2&minw$4—pTem)
2 | / ’"b'*‘PT(b) my;+pg(b')

aMC@NLO  m3, + p2(00') + + ==

Lim, Maltoni, Ridolfi, Ubiali, arXiv:1605.0941 |
suggest that an appropriate factorisation scale choice,

based on analytical arguments on the initial state collinear logs,

NLO
Data

LO multileg
Data

LI LI LU BN LA NLELEL BLALELE BLUNLELES NLELALES BLELELE BLELELE UL
. Data _

EATLAS Z+>1 b-jet -+- s=7TeV. 46" ]
E== MCFM —
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NN 44 aMC@NLO 4FNS
AN | - ALPGEN+HJ =
‘\&\\Q\\& NN | —+— SHERPA .
SN N =
/ m . .

02040603 1121#1613 2 2024

bbH, My = 125 GeV :
boZ' My = 91.2GeV :
bbZ' My = 400 GeV :

b-jet Iyl

fip = 0.36 My
fip = 0.38 My,

has to be adopted to obtain accurate predictions in the 4FS for the total cross section

extension also to differential distributions ?

Alessandro Vicini - University of Milano

DESY, September 13th 2017



Playground for other associated production processes: e.g. ttbb

1/4
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5 f 2
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HXSWG YR4 arXiv:1610.07922

ttbb is a crucial background to ttH

0/0MGsaMCaNLO 7/ TSherpat OpenLoops

multiscale and high-multiplicity process

0/ Tpow Hel +PY8

scale uncertainties of O(40%) at NLO

300

350
pr [GeV]

sizeable spread in predictions from different tools

+ —_—
can we learn from e e bb final state a lesson to choose the scales
relevant to describe this class of processes ?
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Playground for other associated production processes: e.g. ttbb
Cascioli et al., arXiv:1309.5912

pr of 1%t non-b jet (ttbb cuts)

Mass of first two b-jets (ttbb cuts)

% 107 4§ oF -
g ; | ——— NLO ; g — svsees O -
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tth ttbb ttbb(mpy, > 100 .. . .
P — (+637+17«7 i large additional contribution from g—bb
arolfb 2644+ 71%+14% 463.3+66%+15% 123.4+§3%+17% S
. eI %1% e splitting in the Parton Shower
34%+5.6% 29%+5.4% 26% +6.5%
oncolfb] 32967555 "4 5% 5607 54% 4 8% 14187500 "4'6% growing with the bb-pair invariant mass
ONLO/OLO 1.25 1.21 1.15
oMC fb 3313—r32%f39% 600—i24%i—2.0% 1810i20%i—81% .
) 2% -2.9% 2% 2 1% 20%~6.0% in general PS effects at the few?% level
omc/ONLO 1.01 1.07 1.28
are expected
oZb.[fh] 3299 552 146
o¥c/onLo 1.00 0.99 1.03
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Challenges offered by the inclusive ptZ distribution
ATLAS arXiv:1512.02192

S 1E ATLAS | (s=8TeV, 203" e I : : FORTRE
T A 66Gev<m <116 GeV, y| <24 3 inclusive lepton pair transverse momentum distribution
~, ——0——¢- ....._. E
= 1072 E: =
S 102 L \ - total error <0.5% for | GeV < ptZ <~50 GeV
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=~ 10°E 4 Combined o, = extraordinary challenge to theory predictions

10°° E Statistical uncertainty .0. g — shape
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—|9 L v— | _tun N . . . .
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0 —V— Ao L \I4 X — . .

SIE 1Er "'E‘wH« W 1 can become important at this level
IO 0.9 2 /NDF=4343 + B
o 2f | -
= O ==rrrrnnnammns e mn ey ~
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The inclusive lepton pair transverse momentum distribution
plays a central role in the measurement of the W boson mass
for it allows the calibration of the detectors and of the Monte Carlo tools as well

Can a more refined treatment of heavy quark effects
— improve the description of ptZ !
— affect the MWV value ?
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Challenges offered by the inclusive ptZ distribution

Monte Carlo / Data
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The inclusive lepton pair transverse momentum distribution is used to tune the parameters
of the models implemented in the Parton Shower to describe low-pt physics

The tune is done at the Z resonance and for central rapidity of the lepton pair
Its extrapolation to different kinematical regions and the deviation from an accurate data description
exhibits the limits of this modelling

Can a more accurate perturbative description e.g. of heavy quark effects reduce the discrepancy?
1
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QCD uncertainties

1
o(Py, Poymy) = Z/ dri1dxs fry.a(®1, MF) fr, p(T2, ME) Gap(x1P1, 2P, 0s(10), MF)
a,b 0

- renormalization scale U
- factorization scale Mr
- PDF uncertainties
- recipe of the matching between fixed- and all-orders terms
- resummation scale (analytic resummation language)

shower scale or (singular vs regular)-separation scale

(Monte Carlo event generators language)

- scalup Parton Shower phase-space variable

- Parton Shower model

14
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/-point scale variations

NNPDF3.0 (100 replicas)
POWHEG vs aMC@NLO

factor 2 variation of ‘“best’ value

Pythia 8.215 Monash vs
Herwig++ 2.7.1

DESY, September 13th 2017



Setup of the simulations

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

= MG5_aMC@NLO: two prescriptions for the extraction of the shower scale (H+ and
s).

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

Neutral-current Drell-Yan AFS Ilbb
Charged-current Drell-Yan
ke = §/ M2 + p (72

— . r= M(ﬂ)2 + (17)2
pr=1y/M()2 + pL ()2 = -

= . = 2 2
Gen. cuts: M(/l) > 30 GeV Hf \/M(”) +p (M)

o pr= /M2 + po (12

. pr= /M2 + py ()2
= Gen. cuts: M(Il) > 30 GeV

= Analysis cuts:

1. py (IF /missing) >

= Analysis cuts: Analysis cuts:

1. py (I/1) > 20 GeV 1. py(I/T) > 20 GeV CeV/

2. n(l/l) < 2.5 2. n(l/l) < 2.5 20 n

3. |M(II) — Mz| < 15 3. |M(Il) — Mz| < 15 2. n(F°) <25
GeV GeV

15
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POWHEG vs aMC@NLO matching recipes
aMC@NLO

do . d® pd®MC
(dO) = Z/ [BJFme +/Rf\4C@NLod(I)7{WC] BdOn In(t1 = Qsn)
MC@NLO

n>0

dPdd,, 4 ) deMC M
T Z/ [R 0 Ryrcanro 70 1] Lp-1(t1 = Qsn)

n>1

-the Parton Shower generates all the additional real partons, with improved NLO weight (soft event)

- the Sudakov form factor is the one implemented in the PS

-the PS populates a phase space limited by scalup the hardness of the first emission,

which is extracted according to the Shower Scale Qs probability distribution

-the hard matrix element corrections are applied, avoiding a double counting with the PS (hard event)

16
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POWHEG vs aMC@NLO matching recipes
POWHEG

R8(¢n+1)
B(¢n)

do = B(@%) don, {A(¢napTin) + A(¢napL)6(pL _pTin) d¢md} -+ Rf(¢n+1)d¢n+1

B(on) = Bldn) + Vi(dn) + / Abraa R (G, brac)
R = R+ R =fh)R+(1~f(h)R f(h) =
A(GnpL) = exp (— [ 600 6, 6,00) B (6. )6k —m)

h? + k91

- the first emission is generated by POWHEG with its own Sudakov form factor A
exact real matrix element
- the real matrix element is split into a singular and a regular part at a separation scale h

the regular part does not receive a Sudakov suppression

- the Parton Shower adds all the following emissions,
in a phase space limited by scalup the hardness of the first emission (singular events)

an “arbitrary” function (regular events)

17
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Interfacing the NLO event generator to the Parton Shower

102 5 101 ¢ . . . . . . .
i e*e’(bb) production at the LHC, 13 TeV ] [ PWG+PY8, 4FS, h = m ; x 0.25 PWG+PYS, 4FS, h = m
NLO + PS | i —— PWG+PYS8,4FS, B,h=m, x 0.25 ——. PWG+PYS8,4FS, B,h=m 4
1 aMC+PY8, 5FS (x0.1) — L —— PWGH+PYS, 4FS, remn., h=mz x 0.25 = =. PWG+PY8,4FS, remn., h=m 5
100 F aMC+PY8, 4FS, pg,=8"2 — 3
- aMC+PY8, 4FS, pgy=812 x0.25 — E
= aMC+PY8, 4FS, pgp=H1/2 — %

()

0] 100 £ <3

o fla)

2 & A
c :
S o

O -

1L 3
S 10 13 <k g
© 12 8 b o O
/| % = l"ﬂ il 'rl‘..m_l'r_h J-""L W
i % | i 1?'}‘.::{':;
10-2 L : _",‘:’l !
1 &
1g
4 5
b ]
[ 13
1 0'3 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |J|-| n I'I 1 HET [t
0 50 100 150 200 75 100 125 150 175 200
scalup [GeV] SCALUP [GeV]

- the Shower Scale in aMC@NLO is extracted according to a probability distribution
expressed in terms of kinematical variables (shat, HT/2)

dependent on the details of the PS for its exact shape

-the scalup distribution in POWHEG coincides with the final state pt distribution (singular part)

and with a function of pt (regular part)

the splitting between singular and regular is in turn controlled by the scale h
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POWHEG vs aMC@NLO matching recipes

POWHEG and aMC@NLO
coincide in the fixed-order NLO-QCD predictions
differ by terms of higher-order in the &s expansion

subleading w.r.t. to the counting of logarithmically enhancing factors

These differences can be reduced with tough higher-order calculations

have to be considered today as part of the theoretical uncertainty

The multiscale nature of process may enhance the differences:
one single scalup choice might not be sufficient for an accurate description of
the radiation from all charged legs
possibly spurious terms are introduced

large logarithmically enhanced terms are not included to all orders

The fixed-order NLO-QCD results are our benchmarks

— additional corrections and residual uncertainties are expressed in these units

19
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Exclusive signatures with tagged b-jets (B hadrons)

20
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Parton Shower models

] 1.6
ete’bb production at the LHC, 13 TeV : . e*ebb production at the LHC, 13 TeV
+ * + a0 T
1 pr(e7)>20 GeV, In(e%)I<2.5, IM(e™, €")-mzI<15 GeV 1.4 b pr(e%>20 GeV, In(e*)l<2.5, IM(e*, e’)-m,l<15 GeV -
101 & NLO+PS - i
C NLO+PY8, pgn=8"2x0.5 = = ]
S NLO+PYS, pgn=8"2 x0.25 — ] 1.2
LO+PY8, 5812 x0.5 - -
g LO+PY8, §12 x0.25 — o 1
E‘ 100 | NLO+HW++, pgh=5"2 x0.5 - - . 2'
o) NLO+HW-++, pgh=8"2 x0.25 — ] <08
o LO+HW++, 812 %05 - - | 2
Q. A1/2 - ©
o LO+HW++, s/ x0.25 — 9 c 0.6 o
1= . 2I
®© ®
107 £ 1S Q
] gl 0.4 : NLO+PY8, tgh=5"2 x0.5 = =  NLO+HW-++, pgp=812x0.5 - - g
I§ - - NLO+PY8, tgh=5"2 x0.25 — NLO+HW++, pgp=812 x0.25 — 15
15 02 | LO+PY8, pgn=5"2x0.5 - - LO+HW++, pgh=8"2x0.5 - - i g
<§?s LO+PYS8, ugn=6"2x0.25 —  LO+HW++, pgp=5"2 x0.25 — E
1 1=
10'2""""""""' oL L
0 50 100 150 200 250 0 50 100 150 200 250
p1(Z) [GeV] p1(2) [GeV]

-a Parton Shower model requires (among others) the choice of:
the analytical expression of the emission amplitudes
the radiation ordering variable
the argument of the strong coupling constant and its evolution
a model that describes the intrinsic transverse momentum of the partons inside the proton

a model in the backward evolution for the splitting g—bb

- after the matching with NLO matrix elements,

the dependence on the PS details is (should be) pushed one order higher
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e" e bb: b-jet multiplicities

103 ¢

] o . - . o
E e*e’bb production at the LHC, 13 TeV ] 1.4 |- €'ebb production at the LHE)’ 13 T:?V, : o
5 I pr(e*)>20 GeV, In(e)l<2.5, IM(e*, e’)-mzl<15 GeV 1 | P1(e%)>20 GeV, In(e)l<2.5, IM(e”, )'mzi 51:5, QeV O Seseseseses Nx
10 E NLO+PS aMC+PY8, ygn=8"2x05 - - 7 1.2 B OB IRRK RSSEIIS 1 5‘<‘U,
; aMC+PY8, pgn=812 x0.25 — ] o) 1 o IL
- aMC+PY8, jgn=Hr/2 - - > | e mnnas XX RRIRIEES =4
1 aMC+PY8, pign=H/2 x0.5 — P e SRS ©
10" F PWOIPYS. homy - - = N e — 00, Pateretatorest - 1 2
. 3 +PY8, h=m E o MC+PY8 412,05 - < B 0% 2e%0%%%0%%%6%6% o

Q 3 PWG+PY8, h=mzx0.25 — ] = 0.8 | aMC+FYS, Pgh=s "= x0. XRRXILIAILNK,
ro¥ ] © M2 _ HXRRXHRKHKRHKRKK +
— i PWG+PY8, h=mzx0.25, ugp, var. 500 | o | aMC+PY8, pign=5"* x0.25 IR I RIITXRRRRR, O
£ 400 L i aMC+PY8, pgn=Hr/2 - - | i s
5 10° 3 0.6 [ aMC+PY8, ygy=Hr/2 x0.5 — o5 S
o F ] L PWG+PY8, h=mz - - 477 o
8— [ 1 0.4 F PWG+PY8, h=mzx0.25 — T
101 L i PWG+PY8, h=mzx0.25, ish var. | | | o
5 5 1.4 2
4 o
[ ] I X

N
102 3 3 12 e 1'5‘<‘U,
E 3 o | I
[ = 1 <
1038 L , . , . , . , RERRRRERRRRS H\; I 1 g
15 " aMC+PY8, ugn=5""2 x0.25: scale and PDF uncertainties 1 =08 | a
T ] o aMC+PY8, ygn=812 x0.5 - - g
1 06 aMC+PY8, g,=612 x0.25 — 105 T
aMC+HW++, pgh=82 x0.5 - - ~ o
05 scale unc. PDF unc. === T 04 F aMC+HW-++, pgy=5""2 x0.25 — s
L L L L L L L . . ' | . | . | | . | o
0 1 2 3 4 0 1 2 3 4
N(b) N(b)

-a crucial quantity to understand the comparison between aMC@NLO and POWHEG
at the exclusive level (classification w.r.t. the number of additional b-jets)
-the Parton Shower distorts the distribution of the final state bb pair (pushing in/out the acceptance)
adds additional splittings g—bb, which may be successfully tagged as b-jets
-in POWHEG the PS reduces the number of tagged b-jets, sensitive to the scalup value
-in aMC@NLO there is a migration of events from the |-b-jet to the 2-b-jets bin
- uncertainties from few to several % level

- higher multiplicities generated by the PS
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e"e bb: pt distribution of the e"e BB final state

102 _
- . 2 - e*ebb production at the LHC, 13 TeV .
+A- I ) |
e”e’bb production at the LHC, 13 TeV pr(e%)>20 GeV, In(e®)l<2.5, IM(e*, &')-mzl<15 GeV
] p1(e*)>20 GeV, In(e*)l<2.5, IM(e*, e7)-mzl<15 GeV L .
10 NLO (+PS) E 15[ i o ]
fNLO — 1 O Tt
aMC+PY8, tgy=612x0.5 - = ] 2'
0 aMC+PY8, pgy=512 x0.25 — = [
_ 107 aMC+PY8, pigh=Hp/2 - - o oo EET
9 aMC+PY8, pgh=Hr/2 x0.5 — 1 T r aMC+PY8, pgh=56"2 x0.5 - -
= PWG+PY8, h=mz - - ] s aMC+PY8, ugn=81"2 x0.25 —
'_% 101 L PWG+PY8, h=m7x0.25 — ] aMC+PY8, ugn=H/2 - -
— 3 0.5 aMC+PY8, pgp=H/2 x0.5 —
8 PWG+PY8, h=my - -
o PWG+PY8, h=mzx0.25 —
L L | L L L L | |
102 E o [ i
= -T g
103 | i 3 ] ' ]
£ o 15
|
[ i £
10‘4 » 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | ! . B 1 I o N = . S 1
. aMC+PY8, =512 x0.25: scale and PDF uncertainties ] = s
Rolm 7 o -
C 1 [F7 aMC+PY8, =512 x0.5 - -
1E - - l—l—j 0.5 aMC+PY8, pgp=8"2 x0.25 — ]
8 1 : aMC+HW-++, ushié”Z x0.5 - - ]
r - i _A1/2 —_— -
0.5 f scale unc. PDF unc. === : [ aMC+HW-+, pgn=5""= x0.25 1
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ] 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
1 1.5 2 25 3 1 1.5 2 2.5 3
l0g10(PT(ZBB)/[GeV)) l0g10(PT(ZBB)/[GeV))

-a crucial quantity to understand the radiation patterns beyond NLO (defined in terms of b quarks)
- competition between initial and final state radiation

-the observed higher-order effects are common to all the codes, PS models, shower scale choices

- strong Sudakov suppression at low pt, strong enhancement at intermediate values

- strong shower-scale dependence at intermediate pt values
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e"e bb: lepton-pair pt distribution in association with N b-jets

>0 b-jets

> | b-jets

>2 b-jets

e*e’bb production at the LHC, 13 TeV e*e’bb production at the LHC, 13 TeV e*ebb production at the LHC, 13 TeV
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e"e bb: lepton-pair pt distribution in association with N b-jets

- scale + PDF uncertainties at the £20% level, with dominant scale uncertainties

- each shower-scale choice has an O(%10%) band, but the envelope of the bands spans a larger range

- with 2 tagged b-jets, the PS effects are flat over the whole ptZ range

-with 0 or | tagged b-jets, at low ptZ there are stronger differences

between different matchings and different shower scale choices

- Pythia vs Herwig, with aMC@NLO and with the same shower scale are
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e" e bb: B-pair invariant mass distribution in association with N b-jets

>0 b-jets > | b-jets >2 b-jets
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+ - . : . . : . . L. : .
e e bb: B-pair invariant mass distribution in association with N b-jets
- scale + PDF uncertainties at the (£15% - £25%) level, with dominant scale uncertainties

- each shower-scale choice has an uncertainty band up to O(x10%),

- POWHEG +Pythia is accidentally (?) similar to aMC@NLO+Herwig++
- very strong sensitivity to the QCD-PS model

- with 2 tagged b-jets, large correction at low mass, due to additional g—bb splittings via the shower
- with 0 tagged b-jets,aMC@NLO has non sensitivity to the shower scale variable

-with | tagged b-jets, the 3 predictions span a quite broad range of values

- all these effects are due to terms beyond NLO-QCD
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Inclusive final state, integrated over the bottom quark contribution
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Relevance of the ptZ distribution for the MW determination

the very high precision ptZ measurement
- challenges the theoretical predictions at the sub percent level
- offers the possibility to tune the non-perturbative (NP) models
in QCD-PS, describing the low-pt part of the ptZ spectrum
— these models can be then used e.g. in the simulation of CC-DY
— an uncertainty from ptZ will propagate as a theoretical

systematic error to other observables

Alessandro Vicini - University of Milano
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Relevance of the ptZ distribution for the MW determination

1 " ATLAS ' (s=8TeV,203f"

the very high precision ptZ measurement 3 01 Gz < e GaV.Iy <24
- challenges the theoretical predictions at the sub percent level 3‘;18 o ..

. offers the possibility to tune the non-perturbative (NP) models = EE o Comones .°'~,.
in QCD-PS, describing the low-pt part of the ptZ spectrum . l-liz’jz'sziil‘%:”e‘fnt.y‘ N ‘
: : : s LA, IR
— these models can be then used e.g. in the simulation of CC-DY éé ”’:E-_:ﬁ, b Ejﬁlﬂ;‘;u; i -
— an uncertainty from ptZ will propagate as a theoretical g 0'92_,_ INDF=4343_ b E
systematic error to other observables I i kil ]

Pl [GeV]

- the universality, the flavour and scale independence of the effects
encoded in these NP models are a matter of debate

- the bottom quark contribution to ptZ, almost absent in the ptVV case,
may introduce spurious unwanted contributions in the ptWV distribution, via the NP models

— in turn affect the MW determination
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Relevance of the ptZ distribution for the MW determination

1 " ATLAS ' (s=8TeV,203f"

the very high precision ptZ measurement 3 01 Gz < e GaV.Iy <24
- challenges the theoretical predictions at the sub percent level 3‘;18 o ..

. offers the possibility to tune the non-perturbative (NP) models = EE o Comones .°'~,.
in QCD-PS, describing the low-pt part of the ptZ spectrum . l-liz’jz'sziil‘%:”e?nt.y‘ N ‘
: : : s LA, IR
— these models can be then used e.g. in the simulation of CC-DY §§ “’JE-_:#, b Ejﬁlﬂ;‘;u; i -
— an uncertainty from ptZ will propagate as a theoretical g 0'92_,_ INDF=4343_ b E
systematic error to other observables S e A e ey :

pl [GeV]

- the universality, the flavour and scale independence of the effects
encoded in these NP models are a matter of debate

- the bottom quark contribution to ptZ, almost absent in the ptVV case,
may introduce spurious unwanted contributions in the ptWV distribution, via the NP models
— in turn affect the MWV determination

-an improved partonic description of the bottom quark contribution to ptZ may
— increase the overall precision of the theoretical predictions
— reduce the amount of information to be encoded in the NP models
— reduce the differences between bottom and the other quarks increasing the universality
of the effects included in the NP param’s
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Strategy to improve the ptZ description

we consider the processes
pp — ete-+ X Drell-Yan (lepton-pair production inclusive over extra radiation) 5FS
pp — ete- bbbar (associated Z/y= production) 4FS

we develop a combination which exploits the advantages of the 5FS and 4FS descriptions

we evaluate the combination using tools with NLO-QCD + QCD-PS accuracy
(POWHEG and aMC@NLO) and discuss the associated QCD uncertainties

we develop a toy procedure to assess the impact on MW of the improvement in the ptZ description
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Bottom quark contributions to the ptZ distribution in the 5FS

-in the 5FS the bottom quark is treated as a massless parton
- the bottom density in the proton resums via DGLAP egs large collinear logs

- the masslessness of the bottom may affect some kinematical distributions where the quark mass
acts as a natural regulator of the transverse d.o.f.

e.g. the ptZ distribution with ptZ ~ O(mb) ~ O(5 - 20 GeV)
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Bottom quark contributions to the ptZ distribution in the 5FS

-in the 5FS the bottom quark is treated as a massless parton
- the bottom density in the proton resums via DGLAP egs large collinear logs

- the masslessness of the bottom may affect some kinematical distributions where the quark mass
acts as a natural regulator of the transverse d.o.f.

e.g. the ptZ distribution with ptZ ~ O(mb) ~ O(5 - 20 GeV)

103

e*e” production at the LHC, 13 TeV
pt(e®)>20 GeV, In(e¥)<2.5, IM(e*, e’)-mzl<15 GeV

NLO+PS all flav. — |

102

o per bin [pb]

p1(2) [GeV]
-the PDF evolution starts for the heavy quarks

at Q ~ mgq
— in the 5FS the bottom contrib. to the ptZ spectrum

is harder than the one of light quarks 31
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Bottom quark contributions to the ptZ distribution in the 5FS

-in the 5FS the bottom quark is treated as a massless parton
- the bottom density in the proton resums via DGLAP egs large collinear logs

- the masslessness of the bottom may affect some kinematical distributions where the quark mass
acts as a natural regulator of the transverse d.o.f.

e.g. the ptZ distribution with ptZ ~ O(mb) ~ O(5 - 20 GeV)

103
e*e” production at the LHC, 13 TeV
pr(e%)>20 GeV, In(e)l<2.5, IM(e*, &’)-mzl<15 GeV
NLO+PS all flav. —
_ 10° U initial state quark | cross section (pb) | %
= _ u 374.444+0.62 | 35.0
2 10! d 391.15£0.63 | 36.5
o | 3 c 01.44 +0.34 8.6
S 170.43 + 0.45 15.9
b 43.13 +0.26 4.0
total 1070.58 £ 0.86 100.0
- given the exp error below 0.5% in a large range
the bottom contribution of O(4%)
p1(2) [GeV] — we need a prediction of the b contribution
-the PDF evolution starts for the heavy quarks with a precision at the O(10%) level
at Q ~ mgq

— in the 5FS the bottom contrib. to the ptZ spectrum

is harder than the one of light quarks 31
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Z b bbar associated production in the 4FS (pp—e”e™b bbar)

in the 4FS the bottom quark

q 9 b .
{+ -is absent in the proton
£ .it can be produced in the final state as a massive particle
_|_
/ b ’- £ o improved description of the kinematical distributions
] g b

-at LO the collinear logs are included only at fixed order

-
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Z b bbar associated production in the 4FS (pp—e”e™b bbar)

in the 4FS the bottom quark

q 9 b .
{+ -is absent in the proton
£ .it can be produced in the final state as a massive particle
_|_
/ b /- £ o improved description of the kinematical distributions
] g b

-at LO the collinear logs are included only at fixed order

-

ptZ distribution (inclusive over b quarks)

[ e*e production at the LHC, 13 TeV i [ e*e” production at the LHC, 13 TeV
L pt(e®)>20 GeV, In(e¥)I<2.5, IM(e*, e)-mzl<15 GeV - - pt1(e®)>20 GeV, In(e¥)l<2.5, IM(e*, e’)-mzl<15 GeV
101 i | 25 [ Ratio over fLO i
NLO+PY8 (ugn=5"2) — 3
_ LO+PY8 - -
= NLO —— 1
c100 b flO -o
._E 10 ;
8 e
o) '% 1 == _-o:-o-o- ® -0-0 & 050G § 030 -8 -0~ 0-—8--T—0 &
101 £ zﬁl i : NLO+PY8 (ugh=8"2 x0.25) — 1
& 05 F : LO+PY8 (ugy=812 x0.25) - = ]
O] ! i
[ T fNLO ——
“Tol= i Lo -o |
10-2....|....|....|.... oLb— v
0 50 100 150 200 0 50 100 150 200
PT(£) [GeV] p1(£) [GeV]

- regular when ptZ—0, but still sensitive to large log effects (aMC@NLO)
- the process has a large NLO K-factor
- large multiple gluon emission effects via QCD Parton Shower, for ptZ < 50 GeV
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ptZ distribution in the 4FS (pp-’e e b bbar): QCD uncertainties

[ e*ebb production at the LHC, 13 TeV

| pr(e®)>20 GeV, In(e¥)I<2.5, IM(e*, €’)-mzl<15 GeV
101 | NLO+PS =
o aMC+PY8, g =812 x0.5 - - ]
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e*e’bb production at the LHC, 13 TeV
*)l<2.5, IM(e*, e7)-mzl<15 GeV

aMC+PY8, ygn=6"2 %05 - -
aMC+PY8, pg,=812 x0.25 —
aMC+PY8, [_Ish=HT/2 - -
aMC+PY8, pgp=H7/2 x0.5 —
PWG+PY8, h=my - -
PWG+PY8, h=myx0.25 —

MadGraph5_aMC@NLO

—_
N

aMC+PY8, ugn=5"2 %05 - -
aMC+PY8, pg,=612 x0.25 —
aMC+HW++, ygh=8"2 x0.5 - -
aMC+HW++, pgh=8"2 x0.25 —

50 100 150
pT(2) [GeV]

- canonical PDF uncertainty and renormalization/factorization scale variations

- two different matching schemes: MC@NLO and POWHEG

-aMC@NLO: different options for the shower scale variable and for its range
- POWHEG: different values of the scale h of the damping factor in the Sudakov

(and different settings of scalup in the remnant event contribution )
- different QCD Parton Shower models: PYTHIA8 and HERWIG++

200

- except in the first bin, matching+shower uncertainties at the 10% level, scale+PDF at the 20% level

Alessandro Vicini - University of Milano
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Improved prediction of the ptZ distribution: combining 5FS and 4FS

- the prediction of the ptZ distribution, inclusive over radiation, is split into two contributions
with and without B hadrons in the final state

- we rely on the 5FS for the contributions without B hadrons (light quarks ~ massless partons)
4FS for the contributions with B hadrons (exact massive kinematics +NLOPS acc.)
and we combine the two results

- need to compare with analytical resummation in SCET, where a systematic handling of all

large logarithmic corrections, at each ptZ value, is implemented
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Improved prediction of the ptZ distribution: combining 5FS and 4FS

- the prediction of the ptZ distribution, inclusive over radiation, is split into two contributions
with and without B hadrons in the final state

- we rely on the 5FS for the contributions without B hadrons (light quarks ~ massless partons)
4FS for the contributions with B hadrons (exact massive kinematics +NLOPS acc.)
and we combine the two results

-in the 5FS B hadrons are generated by the QCD PS with two mechanisms:
i) presence of a bottom quark in the initial state (b bbar and bg initiated subprocesses)
ii) gluon splitting into b bbar
— the contribution without B hadrons is computed in the 5FS
imposing a veto on the presence of B hadrons in the event analysis

- the contribution with B hadrons is computed in the 4FS

by definition the process pp—e‘e b bbar contains bottom quarks in the final state
additional b bbar pairs may be produced by gluon splitting

- need to compare with analytical resummation in SCET, where a systematic handling of all

large logarithmic corrections, at each ptZ value, is implemented
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Improved prediction of the ptZ distribution: combining 5FS and 4FS

- the prediction of the ptZ distribution, inclusive over radiation, is split into two contributions
with and without B hadrons in the final state

- we rely on the 5FS for the contributions without B hadrons (light quarks ~ massless partons)
4FS for the contributions with B hadrons (exact massive kinematics +NLOPS acc.)
and we combine the two results

-in the 5FS B hadrons are generated by the QCD PS with two mechanisms:
i) presence of a bottom quark in the initial state (b bbar and bg initiated subprocesses)
ii) gluon splitting into b bbar
— the contribution without B hadrons is computed in the 5FS
imposing a veto on the presence of B hadrons in the event analysis

- the contribution with B hadrons is computed in the 4FS

by definition the process pp—e‘e b bbar contains bottom quarks in the final state
additional b bbar pairs may be produced by gluon splitting

dO.best dO.SFS—Bveto dO.4FS

— = — | —
dplj [ dplj [ dplj [

- need to compare with analytical resummation in SCET, where a systematic handling of all

large logarithmic corrections, at each ptZ value, is implemented
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Improved prediction of the ptZ distribution

—1
b 5FS
ROV = (e aor ) (s o
?;jcsit dpl [ ]5”zd dpl [

- R expresses the distortion of the improved ptZ, with respect to the full plain 5FS prediction

- for a given B-veto distribution the 4FS part is added in different approximations
of Shower scale (aMC@NLO) or damping factor scale (POWHEG)
- R is computed for a given PS tune

aMC@NLO ., POWHEG
1.1 .
- e*e production at the LHC, 13 TeV ] - e*e” production at the LHC, 13 TeV
L pr(e%)>20 GeV, In(e)l<2.5, IM(e*, e)-mzl<15 GeV 1 L p7(e®)>20 GeV, In(e®)I<2.5, IM(e*, e")-mzI<15 GeV
| NLO + Pythia8 | | NLO + Pythia8 |
5FS,noB - - 5FS,noB - -
5FS,no B +5FSb PDFonly - - 1 5FS, no B + 5FS b PDF only - -
1.05 - 5FS, no B + 4FS, PY8, ygn=6"2x0.5 - - | 1.05 - 5FS, no B + 4FS, PY8, h=mg, ygn=def. - -

5FS, no B + 4FS, PY8, yg,=8"2 x0.25 —

- 5FS, no B + 4FS, PY8, pgn=Hr/2 - - -

' 5FS, no B + 4FS, PY8, pg,=H/2 x0.5 — |
5FS, no B + 4FS, fNLO ——

5FS, no B + 4FS, PY8, h=mzx0.25, pygn=def. —
5FS, no B + 4FS, PY8, h=mg, pygn=def.x0.5 - =
7 5FS, no B + 4FS, PY8, h=mzx0.25, yig,=def.x0.5 — |
' 5FS, no B + 4FS, fNLO ——

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

19
1 5 1
(@]
1S - L 1
S ' TTee-lL L,
T _ (_g L g
- - _ |-| 'g - R Al B -é
0.95 . | . | . P L 0.95 . l . | . | . |
0 20 40 60 80 100 0 20 40 60 80 100
p1(2) [GeV] pT(Z) [GeV]

- distortion with a non trivial shape for ptZ<50 GeV

-in aMC@NLO effects at the 1% level, in POWHEG effects at the £0.5% level
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Impact on CC-DY of the improvements in the ptZ description
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Impact on CC-DY of the improvements in the ptZ description

Assumptions:
-it is possible in the 5FS to tune the QCD-PS to perfectly reproduce the experimental data (tunel)

- it is possible also in the improved approximation
to tune the QCD-PS to perfectly reproduce the experimental data (tune2)

1  dgexp 1 do2 s 1 dobest 5 I+ 1 do2 s
63319 d l+l_ o 5FS del— o best dpl+l— (pJ— ) 5FS dpl+l_
9 fid 9 fid tunel 9 fid tune?2 O fid tune2

- R(p1) expresses the difference of the predictions obtained in the best partonic approximation
convoluted respectively with tunel and tune?2

1 do™t® 1 1 do™t®

5FS e — 1=\ 55FS o
O fid dpﬁl R(Plﬂ ) o fid dp”

tune?2

tunel

-we use R(p1) to reweigh the CC-DY events according to their ptWV value
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Impact on the CC-DY observables of b-quark effects

The CC-DY observables are evaluated in the plain 5FS
The change from tunel to tune2 in the PS is mimicked by reweighing the events with |/R(p.)

The impact on MW is estimated by template fit of the reweighed distributions (red/blue/green),
with templates evaluated in the plain 5FS (light brown)

etv production at the LHC, 13 TeV e*v production at the LHC, 13 TeV
pr(e®)>25 GeV, In(e%)I<2.5, E{SS > 25 GeV pr(e®)>25 GeV, In(e%)I<2.5, E{SS > 25 GeV

1.01 - NLO + Pythias aMC@NLO-01 ~ NLO + Pythia8 iy
J | | | in the high-ptlep talil

S non negligible effect

B+ 10 ey — E A=+ 10 Vel — g 2of the matching with
Amy=+20 MeV 18 Amy=+20 MeV L 1®
Ampy=-10 MeV - - [$) Ampy=-10 MeV - - o FESNE O
Amy=-20 MeV 3 Amy=-20 MeV ol 3 ( : D PS
rwgt 5FS, no B + 4FS, PY8, ygy=8"2 x0.25 — L;__a' rwgt 5FS, no B + 4FS, PY8, =82 %026 — V== _ucul _
0.99 | rwgt5FS, no B + 4FS, PY8, yg,=8"2 x0.5 - - 1 0.99 | rwgt5FS, no B + 4FS, PY8, yg=8"2 x0.5 - - 19
rwgt 5FS, no B + 4FS, PY8, ygp=Ht/2 x0.5 — 5] rwgt 5FS, no B + 4FS, PY8, ygp=Ht/2 x0.5 — 5]
rwgt 5FS, no B + 4FS, PY8, pygn=Hy/2 - - 3 rwgt 5FS, no B + 4FS, PY8, pygh=Hy/2 - - 3
rwgt 5FS, no B + 4FS, fNLO = rwgt 5FS, no B + 4FS, fNLO =
1 | 1 | 1 | 1 | 1 | 1 | 1 |
50 60 70 80 90 100 30 40 50 60
Mt [GeV] pr(e*) [GeV]
e*v production at the LHC, 13 TeV e*v production at the LHC, 13 TeV
pr(e®)>25 GeV, In(e%)I<2.5, E™SS > 25 GeV pr(e®)>25 GeV, In(e%)l<2.5, E{MSS > 25 GeV

1.01 F NLO+ Pythia8 POWH EG 1.01 | nNLO+ Pythia8 _

000000
.‘00 000.“
> AL TN
A PN

1 1 ¥ o...,"'n, -----------------
Amy=+10 MeV — : Amy=+10 MeV —
Amy=+20 MeV ! Ampy=+20 MeV 2l
Amy=-10 MeV = = & Amy=-10 MeV - -
Amy=-20 MeV Amy=-20 MeV
rwgt 5FS, no B + 4FS, fNLO < rwgt 5FS, no B + 4FS, fNLO
0.99 5FS, no B + 4FS, PY8, h=mg, yg,=def. - - 1o 0.99 | 5FS, no B + 4FS, PY8, h=mg, yg,=def. - - 1o
5FS, no B + 4FS, PY8, h=mzx0.25, yign=def. — 9 5FS, no B + 4FS, PY8, h=mx0.25, yign=def. — @
5FS, no B + 4FS, PY8, h=my, ygn=def.x0.5 - - z 5FS, no B + 4FS, PY8, h=my, ygn=def.x0.5 - - z
5FS, no B + 4FS, PY8, h=mzx0.25, jign=def.x0.5 — A 5FS, no B + 4FS, PY8, h=mzx0.25, jigy=def.x0.5 — A
. ! . ! . ! . ! . ! . ! . !
50 60 70 80 90 100 30 40 50 60
+
M [GeV] pr(e™) [GeV]
DESY, September 13th 2017

Alessandro Vicini - University of Milano



60

20

0

60

40

20

Alessandro Vicini -

-10

Bottom quark effects
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on the MW determmatlon
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Mc‘Mreach at most +5 MeV (fixed order NLO)
- matching NLO-QCD with QCD-PS reduces the size of the shift
- details of matching and of QCD-PS implementation yield an uncertainty of O(l MeV)

further improvements expected in the statistical quality of the fits
39
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preliminary results

- without reweighing

the preferred value coincides
with the input one MW, (sanity check)

- fit windows: pt_lep [32,45] GeV,

MT [60,100] GeV
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Dependence of the MWV shifts on the fit window

e*v production at the LHC, 13 TeV
— _ pr(e%)>25 GeV, In(e*)l<2.5, EtMSS > 25 GeV
2 N 1.01 - NLO + Pythia8 ]
9 =3
3 s
g g
|_
o
- ""00000000000000000000"0000‘
| B i
AMyy, rwgt fNLO ‘ ‘N.,“ """"""""""""""
o) ]
— Z Ampy=+10 MeV — Q
= ® - Amy=+20 MeV 1Z
[0) O W 1, ®
O, 1= Ampy=-10 MeV - - ", (E)
< 1%, Amy=-20 MeV el ©
g ol rwgt 5FS, no B + 4FS, PY8, pyn=612 x0.25 — U=l 0
= 18 0.99 | rwgt5FS, no B + 4FS, PY8, pgy=82x0.5 - - 1<
15 rwgt 5FS, no B + 4FS, PY8, pg,=H1/2 x0.5 — 5]
13 rwgt 5FS, no B + 4FS, PY8, pyg,=Hy/2 - - E
o] 4= rwgt 5FS, no B + 4FS, fNLO =
| I I I T | | L | L |
30 31 32 33 34 35 30 31 32 33 34 35 30 31 32 33 34 35 30 40 50 60
pr™" [GeV] pr™" [GeV] pr™" [GeV] pr(e*) [GeV]

- the outcome of the template fit depends on the fit window, especially on the upper limit

- above the jacobian peak, the NLOPS distortion changes slope at ptlep ~ 45 GeV,
pulling the X? in opposite directions in the intervals [40,45] and [45,50] GeV

- above the jacobian peak, the fixed order NLO becomes flat above ptlep ~ 47 GeV
stabilising the negative shift due to the interval [40,47]
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Bottom effects as a function of the e"e” invariant mass and rapidity
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lepton-pair transverse momentum distribution as a function of the e’e” invariant mass and rapidity

the effects do not appear sufficient to explain the extrapolation problems
observed with POWHEG + Pythia(AZNLO)

Alessandro Vicini - University of Milano
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Conclusions

- gauge boson production in association with heavy quarks has a non-trivial phenomenology
for both exclusive and inclusive signatures

- a detailed discussion of the QCD effects and uncertainties is crucial:
— matching NLO-QCD with QCD-PS has a sizeable impact on the distributions
— matching and Parton Shower uncertainties are often under control but not negligible

-a combination of 5FS and 4FS results has been attempted
to improve the description of the bottom quark contributions to the ptZ distribution
with respect to the plain 5FS approach, with a shape distortion at the O(1%) level

- the information transfer from NC-DY to CC-DY has been estimated assuming that two perfect
Parton Shower tunes are possible
a realistic estimate is more cumbersome and will yield also an indicator of quality of the
data description (e.g.a X* value)
— the present study offers only a qualitative statement about the MWV sensitivity to b-quark effects
(the shifts do not exceed the 3-5 MeV level in size and in general are smaller)

- precision physics at the LHC requires a strong collaboration between theorists and experimentalists
to make precise quantitative statements
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The template-fitting procedure Template |

see also Bozzi, Rojo, Vicini, Phys.Rev.D83 (201 1) 113008 MW( | )=80,3 12 GeV
NNPDF2.3 rep.0

Template 2

MW /(2)=80.300 GeV

Pseudodata: NNPDF2.3 rep.0

a given member/replica

CT10, MSTW2008CPdeut,
NNPDF2.3, NNPDF3.0,
MMHT2014
generated with MW,

Template 3

MW/(3)=80.302 GeV
NNPDF2.3 rep.0

Template 100

MW(100)=80.470
NNPDF2.3 rep.0

for a given member/replica we consider
the ptl bins in the range [29,49] GeV

A 2
g (0t — 0o
2 : : .
XZ: /I/:].,...’Ntempl

= xx(1)

—>(x@

—>{ x2(100) )

j=1 (ofet)” 4

~
Best fit

shift induced by PDFs, w.r.t. NNPDF2.3 rep.0

MW(3)-MW, )

® the template fitting procedure -

measures the relative distance between NNPDF2.3 replica 0 and all the other sets/replicas

i.e.

it is an estimate of the difference that we would find if we would fit the real data with different PDFs

Alessandro Vicini - University of Milano
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Estimate of the effective upper limit for additional radiation

Following Lim, Maltoni, Ridolfi, Ubiali, arXiv:1605.0941 |
we consider the factorisation of L from the partonic cross section
which is then reabsorbed in the proton PDFs

M?2,_ (1= z)? M2
L:10g< ! Zz)) with 2=~ 5 = (q+ +q- + ki)?

mb 21 S;
This leads to the introduction of an effective scale Mbar M = M+ ,- (11— =)
\ i
107 ¢

e*e” production at the LHC, 13 TeV
pT(e*)>20 GeV, In(e¥)l<2.5, IM(e*, e’)-mzl<15 GeV

the peak of do/dMbar
hints the value of a typical energy scale
of the 4FS process

O per bin [pb]

MadGraph5_aMC@NLO

Mbar [GeV]
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Bottom contributions to ptZ in different schemes and approximations

102 ¢ _
[ e*e” production at the LHC, 13 TeV : - 5FS: b-initiated subprocesses
[ pr(e®)>20 GeV, In(e*)I<2.5, IM(e™, &)-mzI<15 GeV ] .
|| NLO + Pythia8 (b-only and 4FS rescaled x10) ] (technlcal benchmark)
- 5FS, incl - -
— - 5FS, b PDF only - -
s | - 4FS, PY8, ysy=6"2 x0.5 — -4FS: fixed-order NLO prediction
c '~ . 4FS, PY8, ygh=812 x0.25 — .
S0l .. C 92Tl -4FS: NLO-QCD + QCD-PS (Pythia 8)
E i _‘-:0000-00" - - |. ) 1=z A
2 I 5 e 1® Qu =512
b i |’ -‘l‘_‘ - L 1= ~n
& - T Qs =+/5 /4
: T :"’0 %‘
- _ IQ (B
=1 o
©
=
100 | | Ll |
0 10 20 30 40 50

- 4FS: sizeable impact of higher-order corrections via Parton Shower beyond NLO
fixed-order NLO is not sufficient for a precise description of the shape of the distribution
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e"e bb: hardest b-jet pt distribution in association with N b-jets

Alessandro Vicini - University of Milano
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1071 ¢

-2
03
1.2

0.8
0.6

—
N

Ratio /fNLO

o - o o o o -
o = M A DM A o © = N

Ratio /fNLO

©
o

100 |

e*e’bb production at the LHC, 13 TeV
p1(e¥)>20 GeV, In(e*)I<2.5, IM(e*, e’)-mzl<15 GeV, =1 bjet
NLO+PS

aMC+PY8, pgn=8"2x0.5 - -
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aMC+PY8, pgh=H7/2 x0.5 —
PWG+PY8, h=mz - = A
PWG+PY8, h=mx0.25 —

L L L L L L L 1 L L L L
- aMC+PY8, Ush=512 x0.25: scale and PDF uncertainties
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| e*e’bb production at the LHC, 13 TeV
p1(e*)>20 GeV, In(e*)I<2.5, IM(e*, e7)-mzl<15 GeV
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