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top quark production and QCD parameters

top quarks mainly produced in tt pairs

® gluon fusion — dominant at LHC

calculations of o;

® available up to NNLO+NNLL (=~ 5% precision)
® experimental precision currently superior to
theoretical one
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direct vs indirect measurement of my

direct measurement: reconstruct invariant
mass of top quark decay products

® compare to MC templates generated
with different values of my

® can reach precision of ~ 0.5 GeV
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https://arxiv.org/abs/1608.01318

direct vs indirect measurement of my

direct measurement: reconstruct invariant indirect determination: measure
mass of top quark decay products observable sensitive to my¢ (e.g. oyt)
® compare to MC templates generated ® compare measured ot to fixed-order
with different values of my calculations (inclusive, differential)
® can reach precision of ~ 0.5 GeV ® m; determined in well-defined scheme
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direct vs indirect measurement of my

direct measurement: reconstruct invariant indirect determination: measure
mass of top quark decay products observable sensitive to my¢ (e.g. oyt)
® compare to MC templates generated ® compare measured ot to fixed-order
with different values of my calculations (inclusive, differential)
® can reach precision of ~ 0.5 GeV ® m; determined in well-defined scheme
= —_A—
— b,
- mMC mt
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— Apnpc includes non-perturbative effects
m%\dC — mil;)Ole + AMC that are difficult to estimate

e.g. PRL117(2016) 232001
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mMC€ dependence of measured cross sections

visible phase space

vis _ tt
© detector geometry Oy — Ot = BR
® selection of final-state objects sel
“ CMS Experiment at the LHC, CERN
Data recorded: 2016-Jul-14 23:45:11.547328 GMT MC
% Run / Event / LS: 276811 / 2968707874 / 1776/ ° acceptance Asel depends on assumed my

® potential problem when extracting my
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mMC€ dependence of measured cross sections

visible phase space

© detector geometry

@ selection of final-state objects
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® acceptance Ag depends on assumed m{VIC

® potential problem when extracting my

kinematic top quark reconstruction

® estimate neutrino momenta using
kinematic constraints (mw and mM©)

o mi\/[c: large effect near threshold
— mitigation strategies discussed in this talk
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Recent QCD results from tt cross
sections in ATLAS and CMS




mP%® from inclusive oy; at /s = 13 TeV in ATLAS

eFput

channel, 36.1 fb™

EPJC 80 (2020) 528

1 (2015+4-2016)

® event count in bins of b-jet multiplicity

® significant improvements in lepton ID
and luminosity determination

— more details in Olga Bylund's talk

o) — 826.4 + 3.6 (stat) + 19.6 (syst) pb

oth — +
og = 832

o (scale) &35 (PDF+ag) pb

(Top+-+, NN LO+NNLL)

® total uncertainty of 2.4%, cfr:
@ ~ 5% of theoretical prediction

® 4% of CMS result in £7¢ channels

— most precise 13 TeV measurement

Inclusive tf cross section [pb]

10%

T

T

== NNLOSNNLL (pp)
E=== NNLO+NNLL (pp)

NNPDF3.0, m,
| |

) LHCIopWG

Grakon, Fedie, Miov, PRL 110 (2013) 252004 13
= 1725 GeV, (M) =0.118 £ 0001

T T
ATLAS+CMS Preliminary Sept2019
LHCtopWG

TR

800]

700]

L
L

15 (TeV]

L L !

L
2 4 6

8 10 12
Vs [TeV]

5/16

Matteo M. Defranchis CERN


https://arxiv.org/abs/1910.08819
https://conference.ippp.dur.ac.uk/event/891/contributions/4885/

mP%® from inclusive oy; at /s = 13 TeV in ATLAS

EPJC 80 (2020) 528

1100}

eFu® channel, 36.1 fb~! (2015+2016)

1000

® event count in bins of b-jet multiplicity 900

® significant improvements in lepton 1D Prittt v

and luminosity determination
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Inclusive tf cross-section o(tf) [pb]

— more details in Olga Bylund'’s talk o CT14 NNLO+NNLL

e {s=13TeV, 36.1 1"
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o) — 826.4 + 3.6 (stat) + 19.6 (syst) pb 1 feev)
extraction of m}*°
oth — +20
? =832 75 (scale) = 35 (PDF+ag) pb
tt
Tt t. NNLOLNNLL) * NNLO+NNLL, CT14_nnlo PDFs

¢ dependence of measured oz on mMC

® total uncertainty of 2.4%, cfr:
@ ~ 5% of theoretical prediction pole

accounted for, while my

t
MC _ msole

— +2.0
® 4% of CMS result in £7¢ channels mg =173.1 75 GeV

— limited by QCD scale and PDF+ag

— most precise 13 TeV measurement uncertainties
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LAS cross section ratios

EPJC 80 (2020) 528
° 1t§/8 and R13/7 sensitive to PDFs
® cancellation of correlated uncertainties

lower gluon density at high-x in ABM12
(lesser extent in ABMP16)
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LAS cross section ratios
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mg(my) and as(mz) from CMS o measurement at 13 TeV (eTp™)

Ot

EPJC79(2019) 368
® 35.9 fb~! (2016), eFuT channel

® simultaneous measurement of oz and mi\/[
— mitigation of dependence

C

measured og
® precision of 4.2% limited by luminosity [
(2.5%) and lepton IDs (2.2%) s

o = 815 & 2 (stat) &= 29 (syst) &= 20 (lum) pb
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mg(my) and as(mz) from CMS o measurement at 13 TeV (eTp™)

EPJC79(2019) 368
® 35.9 fb~! (2016), eFuT channel

® simultaneous measurement of oz and mi\/[
— mitigation of dependence

® precision of 4.2% limited by luminosity
(2.5%) and lepton IDs (2.2%)

C

o = 815 & 2 (stat) &= 29 (syst) &= 20 (lum) pb

® values of ag(myz) and m¢(my) extracted
using NNLO calculations in MS scheme
® most precise NNLO asg result at hadron
collider, and most precise mg(my) — 1.2%
® cannot obtain simultaneous information on
ag, mg, and PDFs from inclusive o

— need multi-differential measurement

Matteo M. Defranchis CERN
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3D normalized o; at 13 TeV (£1£7) and global QCD analysis (CMS)

arXiv:1904.05237
CMS 9 |b“(ISTeIV)

T T

3D normalized cross section
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3D normalized oy; at 13 TeV (£7¢7) and global QCD analysis (CMS)
arXiv:1904.05237

3D normalized cross section
©® mg — sensitive to mg
® Njet — determine ag
® y;t — info about PDFs
® reconstruction of tt system
independent of mMC

® parton-level cross section
compared to NLO+PS

global fit to tt +HERA data
® simultaneous NLO fit of
mf‘)le, ag, and PDFs
® improvement in gluon PDF at
high-x, reduced correlations

as(mz) = 0.1135 G

mP°l® = 170.5 + 0.8 GeV
— most precise result to date
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threshold effects in tt production

most sensitivity to my comes from threshold
region (mgg — 2m)
threshold effects

® important for this kind of analyses

® not captured by fixed-order calculations
however, QCD effects partly captured by

® fixed-order + parton showers

® all-order soft gluon resummation

(effect up to 4+0.7 GeV on mP°'®)

ATLAS+CMS Preliminary Mep ffom cross-section measurements
LHCIopWG Sep2019
ol Mttt et heo) Re
otl) inclusive, NNLOSsNNLL
ATLAS, 7+8 TeV. — 1729 Ul
CMS, 7+8 TeV —— 1738 57 @
CMS, 13 TeV —— 169.9 37 (01515 48) 9
ATLAS, 13 TeV. —— 1731 “
o(tt+1]) differential, NLO
ATLAS, 7 TeV H——r 1737 57(15£14 38 g5
cMS, 8 TeV e 1899 BP (1L )
ATLAS, 8 TeV 1710 9504209 %)

(i) n-differential, NLO

1732+16(09+08+12) [
1709408 ]

| |
180 185 190
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threshold effects in tt production

most sensitivity to my comes from threshold
region (my — 2my)
threshold effects

® important for this kind of analyses

® not captured by fixed-order calculations
however, QCD effects partly captured by

® fixed-order + parton showers
® all-order soft gluon resummation

ATLASCMS Preliminary Mep from cross-section measurements
LHCTopWG Sep 2019
e e et et o)
o(t) inclusive, NNLO+NNLL
ATLAS, 7+8 TeV. —— 1729 [t
CMS, 7+8 TeV —— 1738 57 @
CMS, 13 TeV/ —— 169.9 27 (0115 592) [
ATLAS, 13 TeV. —— 1731 m
o(tt+1]) differential, NLO
ATLAS, 7 TeV. H——r 1737 57(15£14 38 g5
cMS, 8 TeV ———e 1899 HP (1 H D)
ATLAS, 8 TeV (] 1711 45 04209 95) ¢

(i) n-differential, NLO

173216 (09£08+12)
1709408

&

(effect up to 4+0.7 GeV on mP°'®)

= 25
new study in JHEP 06 (2020) 158 3 [ LHC1ETeV.me1725GeV  mmcms
. 8 [ NNPDF31_nnlo_as 0118 : oo
® EFT approach used to include = [ M,<[300380 Gev 5 NLO:NLP
. o B NNLO+NLP
next-to-leading power (NLP) Coulomb P ] : ;

corrections, to all orders in ag
® better description of CMS data near the

production threshold

o effect on mFOIe up to +1.4 GeV

— dedicated talk by Li Lin Yang

9/16


https://arxiv.org/abs/2004.03088
https://conference.ippp.dur.ac.uk/event/891/contributions/4906/

my, from invariant mass of tt +1-jet system (ATLAS)

JHEP 11 (2019) 150

ps = 2mo mp = 170 GeV

- b
Met41-jet

s
IS

e E o Data E
s D 3sE ATLAS [ Statsystuncertainty ]
— sensitive to my at large ps FE GsesTev.a02 ' igmonons:
. E l 3
(production threshold) S %E paontevel LI ﬂ;ﬁ:?iﬁggg E
b'f? 25 °°=171.1 GeV (best m){
® 202 fb71 at /s =8TeV . = E
® tt — ltjets (L =e,p) 15 E
£ == - E
method E - 3
05 - =
® parton-level normalized R ) ——
differential cross section L -
® compared to NLO+PS predictions 5’_
(on-shell, MS) 8
['% 0.4 05 0.6

® 3 times larger scale uncertainty in MS
scheme (expected at threshold) mPel® = 171.1 4 1.0 (exp) *97 (th) GeV

_ +2.1
m(my) = 162.9 GeV — mP°'® = 170.9 GeV me(m;) = 162.9 £ 1.1 (exp) I35 (th) GeV
= consistent results
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https://link.springer.com/article/10.1007%2FJHEP11%282019%29150

PDF determination from W, Z/~*, and tt cross sections (ATLAS)

joint fit with HERA DIS data (ep)
® W, Z/y* (7 TeV) — quark PDFs
® tt (8 TeV) — high-x gluon PDF

— focus on impact of tt ATLAS data

PDF determination
® general-mass variable-flavour-number
scheme (nf — nf + 1 transitions)
® NNLO QCD + NLO EW (xFitter)

sensitive distributions
© y; (dilepton)
® my; and ph ({+jets)

correlations between distributions
determined with bootstrap method
= p%., myg, ¥47 used simultaneously

xg

25
oF
1.5F
5 Q’=2GeV*
1 IepWZ

05F § epWZ + p:+ m, (lepton+jet)

+ Y,(dilepton)

ATLAS Preliminary o

results

o(xg)/xg
&5 o
oo

@ harder gluon distribution at high-x

® reduced uncertainty at high-x

ATL-PHYS-PUB-2018-017
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https://cds.cern.ch/record/2633819/files/ATL-PHYS-PUB-2018-017.pdf

first investigation of the running of m; (CMS)

PLB 803 (2020) 135263
in MS scheme, mq dependence on scale p CMS 359 (13TeV)

T
. dm =
described by RGE: ﬁ = —’Y(Ols)mq e 4 Dataunfolded to parton level
<
® probe of validity of pQCD £ NLO predictions in WIS scheme
. . . \‘= E u':u':m‘
® sensitive to BSM contributions £ 200b ABMP16_5, nlo PDF set
E m(m) = 162 GeV
method 150 —— m(m) = 164 GeV
£ my(m) = 166 GeV
® myg(p) extracted at NLO vs pp = myg 100 o
from measurement of dog/dmyz 50/ .
. I S I I ST N BT I
® do;/dm; determined at parton-level 400 600 800 1000 1200 1400 1600 1800 2000
with maximum-likelihood unfolding m; [GeV]

(see Valentina Vecchio's talk)
o mi\/lc dependence incorporated in fit
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first investigation of the running of m; (CMS)

PLB 803 (2020) 135263

35.9 b (13 TeV)

in MS scheme, mq dependence on scale p

T
. dm, E]
described by RGE: 73 = —’Y(Ols)m = Data unfolded to parton level
du qa £
< E
® probe of validity of pQCD E o50lt NLO predictions in MS scheme
. . . \‘= E u':u':m‘
® sensitive to BSM contributions £ 200b ABMPL6.5_nlo PDF set
E m(m) = 162 GeV
method 150 —— m(m) = 164 GeV
£ my(m) = 166 GeV
® my(u) extracted at NLO vs u = mys 100 o
from measurement of dog/dmyz 50/ .
. I S I I ST N BT I
® do;/dm; determined at parton-level 400 600 800 1000 1200 1400 1600 1800 2000
with maximum-likelihood unfolding m; [GeV]
(see Valentina Vecchio's talk) o oM 3591 (13 Te)
e mMC dependence incorporated in fit 2 105 ABMP16_5 _nlo PDF set
£ L H =476 Gev
= L Ho= b,
 slope: (1) = my(12)/mi(juer) : .
@ cancellation of systematics [
0.95
® solely depends on RGE 5
results 0.9 ¥ NLO extraction from differential o,
r o Reference scale M
® good agreement with RGE 085l One-loop RGE, n, =5, a(m ) = 0.1191
® no-running excluded at > 95% C.L. C

Il Il Il Il Il Il L
400 500 600 700 800 900 1000
u[Gev] 12/16
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running of my with “dynamic” scale

results of PLB 803 (2020) 135263
obtained with
® pr = pif = pm = Mg
® converting my(my) — mg(mygg)
using appropriate RGEs

in JHEP 08 (2020) 027 (see Stefano
Catani's talk) it is argued that

® dynamic effect of m¢(um) should
be included in the calculation

® best choice is um = myg/2 (which
approaches my at threshold)

® scale is set bin-by-bin (bbb)
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https://www.sciencedirect.com/science/article/pii/S0370269320300678
https://arxiv.org/abs/2005.00557
https://conference.ippp.dur.ac.uk/event/891/contributions/4888/
https://conference.ippp.dur.ac.uk/event/891/contributions/4888/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-007/index.html#AddFig

running of my with “dynamic” scale

results of PLB 803 (2020) 135263 CMS public web page
obtained with CMS supplementary  arxiv:1909.09193 35.9 fb (13 TeV)
® Ly = pf = pm = My 5f 1.05} ABMP16_5_nlo PDF set
. £ C W =238 GeV
® converting my(my) — mg(mygg) = f e
using appropriate RGEs %‘. i
in JHEP 08 (2020) 027 (see Stefano 0851
Catani's talk) it is argued that r '
0.9 KX NLO w!th bm-.by-bln dynamic scale
® dynamic effect of m¢(um) should DD ottt scale [P 80 (2020) 195260
be included in the calculation 0855 One-loop RGE, n, r:2’5, ay(m,) = 0.1191
® best choice is um = myz/2 (which 500950 50080400 480 500"

approaches my at threshold) Hy, = 12 [GeV]
® scale is set bin-by-bin (bbb)

® result qualitatively similar to original ones
® quantitative differences do not alter main

analysis of repeated at NLO with conclusions of the paper

O pir = pf = my © good agreement with RGE
® pum = myz/2 (bbb) ® no-running excluded at > 95% C.L.
— assess effect of ym alone — would benefit from NNLO calculation
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non-QCD results from top quark
measurements in ATLAS and CMS

— electroweak parameters




top quark Yukawa coupling from tt at 13 TeV (CMS)

CMS-PAS-TOP-19-008

myg and Ayt = yt — y; distributions altered by
exchange of massive bosons (including H) t

advantage: no assumption on other Higgs couplings

® approximate a%a EW corrections obtained with
Hathor and applied to NLO MC r

CMS HATHOR Preliminary
o5t generator level +Y, =8
’ +Y, =2
12} +Y, =1
H +Y,=0

(d04a1H0R/dMy) (doy o/dM)

095

rnd SPPSS SSS IR URPU MU S NS SR MRS
400 600 800 1000 1200 1400 1600 1800
M, [GeV]
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top quark Yukawa coupling from tt at 13 TeV (CMS)

CMS-PAS-TOP-19-008
myg and Ayt = yt — y; distributions altered by
exchange of massive bosons (including H) t

advantage: no assumption on other Higgs couplings

® approximate a%a EW corrections obtained with
Hathor and applied to NLO MC r

— 137 b~ 1 at 13 TeV, £ channel -

t
® Mygez and |y,z — ype| used as pr.oxies for _ CMS HATHOR Preliminary
myz, Ay, = no top reconstruction < inp\  reconstructed +Y, =3
T . . . E +Y, =2
® profile likelihood fit to double-differential Qﬁ_ RS v
. . . > ,
distributions g ef +Yi=0
; 1.06(—
Y=y /i = 116153 3 o
;; 102
ATLAS combination of Higgs results: S |
Yy =0.98+£0.14 ossf=
09 jVZOIO 40‘0 EéO BO‘D WD‘DD 12‘00
— more details in Evan Ranken’s talk M, [GeV]
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CKM elements in single top t-channel at 13 TeV (CMS)

first direct + model-independent determination of PLB 808 (2020) 135609
[Vib| and |Via|? + |Vis|?

® no assumption of unitarity

® no assumption of no BSM physics

® CKM elements determined from signal
strength of STb’b, STq’b, STbyq

® BDT trained in exclusive categories of jet and
b-tagged jet multiplicity

® profile likelihood fit of BDT output 0P 391" (13TeV)
2 24 : w .
= ;CMS . Dala —ST o¥ST,, (><1000)
58 L, EnEE
in the BSM scenario where Rr = %% /T'q is free: ° i[gé’“s’" s,
[Vep| = 0.988 4 0.011 (stat+prof) & 0.021 (nonprof) E’ ]g:
[Viq |2 + Vi |2 =0.06 + 0.05 (stat+prof) + 0.04 (nonprof) ;i
Rr = 0.99 + 0.42 (stat+prof) =+ 0.03 (nonprof). ﬁ’
= 12
E — ]
— precision on |V;p,| improved by 50% w.r.t 2 oal ]
. . . © %5 04 03 02 -01 0
previous CMS measurement in single-top Discriminator ST, ,vs. ST, f; and W+,e1s
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https://arxiv.org/abs/2004.12181

summary

ATLAS+CMS Preliminary Myp from cross-section measurements
LHCIopWG Sep 2019
fteti My ol (stat £ syst £ theo) ]
total stat
otf) inclusive, NNLO+NNLL
ATLAS, 7+8 TeV —— 1729 %
CMS, 7:8 TeV — 1738 %7
CMS, 13 TeV [— 169.9 57 (0.1£15 42)
ATLAS, 13 TeV —— 1731 37
o(tt+1)) differential, NLO
ATLAS, 7 TeV Hee—i 1737 37 (15514 39)
CMS. 8TeV. 1699 57 (1.1 98)
ATLAS, 8 TeV —t 171.1 5§ (0.4 £09 §3)
o(th) n-differential, NLO
ATLAS, n=1,8 TeV e 1732:16(09:08%12)
CMS, n=3, 13 TeV [ 1709+08
top quark decay
. [10]
eV comb. [11
P B P P I
160 165 170 175 180 185 90
m,, [GeV]

top and QCD parameters

® most recent m results using tt cross
sections (ATLAS & CMS)

® running of mg in MS scheme (CMS)

® determination of ag from tt (CMS)

PDF determination with tt data

® PDF determination from W, Z/v* tt
cross sections + HERA data (ATLAS)

. ) 1
® simultaneous fit of m{*°, ag, and

PDF with 3D o; at 13 TeV and
HERA DIS data (CMS)

— improvement in gluon PDF at high-x

top and EW sector (CMS)

® extraction of top Yukawa coupling tt
distributions at 13 TeV

® first model-independent extraction of
CKM elements from t-ch. single top
at 13 TeV — 50% improvement
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Thank you for your attention
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mP%® from inclusive oy; at 13 TeV (ATLAS)

PDF set mP" (GeV)
CT14 173.1139
NNPDF3.1_notop 1729417
CTI10 17217539
MSTW 172339
NNPDE2.3 1734413
PDF4LHC 172173
Uncertainty source Am?'le (GeV)
Data statistics 0.2

Analysis systematics 0.6

Integrated luminosity 0.8

Beam energy 0.1

PDF+as Hs

QCD scales f:g

Total uncertainty

+2.0
—2.1
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as(mz), my(mg), mP™ from inclusive oy; at 13 TeV (CMS)

PDF set s (1iz) ABMP16  NNPDF31 CTl4 MMHT14
ABMP16 0.1139 =+ 0.0023 (fit + PDF) *8 88},? (scale) P [Gev] 17037 1725 1733 1742
NNPDF3.1  0.1140 4 0.0033 (fit + PDF) +J:972] (scale) ﬁﬁ%mwims @% ;“O m”
CT14 0.1148 4 0.0032 (fit + PDF) ]300 (scale) as(mz) 0116 0.18 0118 0.18
MMHT14 0.1151 4 0.0035 (ﬁt + PDF) +8 gggg (scale) a5 range 0.112-0.120  0.108—0.124 0.111-0.123 0.108—0.128
PDF set my(my) [GeV] PDF set m{"’lc [GeV]

ABMP16  161.6 + 1.6 (fit + PDF + ag) T3 (scale) ABMP16  169.9 + 1.8 (fit + PDF + as) *95 (scale)
NNPDF3.1 164.5 = 1.6 (fit + PDF + ag) 79 (scale) NNPDF3.1 173.2 £ 1.9 (fit + PDF + a5) *03 (scale)
CT14 165.0 & 1.8 (fit + PDF + ag) *0{ (scale) CT14 173.7 + 2.0 (fit + PDF + as) *99 (scale)
MMHT14 1649 + 1.8 (fit + PDF + ag) *1 1 (scale) MMHT14  173.6 £ 1.9 (fit + PDF + ag) *99 (scale)
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ag(mz) and mP*® from 3D normalized o7 at 13 TeV (CMS) @

Parameter Variation as(mz)  mP [Gev]

Fit uncertainty

Total A =1 +0.0016 0.7
Model uncertainty
fe =05 +0.0001 0.0
fs fi=03 0.0000 0.0
Qi Q2 =50GeV?  +0.0002 +0.1
Qi Q2 =25GeV?  —0.0004 -0.1
M. M =149GeV  +0.0001 0.0
M. M, =137GeV  0.0000 0.0
Total aem

PDF parametrisation uncertainty

1ty 1y =22GeV?  —0.0001 00
1ty 13y =1.6GeV?  +0.0002 00
Ay setto 0 00002 —01
Eg setto 0 +0.0008 0.0
Total oo -0.1

Scale uncertainty

Jy variation pe=H +0.0004 —02
Jy variation e =H/4 +0.0007 +0.1
Jg variation w=H ~0.0002 +03
Jg variation w=H/4 +0.0001 03
Jsf variation Mg =H +0.0004 +0.1
Jsf variation g =H/4 +0.0011 02
alternative jis o= H/2 0.0005 +0.1
Total wam v
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my, from tt + 1-jet at 8 TeV (ATLAS)

ATLAS+CMS Preliminary
LHCIOpWG

et
total stat
o(tf) inclusive, NNLO+NNLL,

Myop from cross-section measurements

Sep 2019

M & t0t (Stat 2 syst + theo)

Ref.

ATLAS, 7+8 TeV. ——— 1729 % 1
CMS, 748 Tev e 1738 %

CMS, 13 TeV. —k— 169.9 77 (01£15 ¢)
ATLAS, 13 TeV. —— 1731 3 “
o({f+1)) differential, NLO

ATLAS, 7 TeV M 1737 37 (15 %14 58)
CMS, 8 Tev i 1699 37 (1.1 3P £ 6
ATLAS, 8 TeV et 1711 $§ (04409 95) 1w
() n-differential, NLO

ATLAS, n=1, 8 TeV e 1732£16(09+0812)
CMS, n=3, 13 TeV. [ 170.9£0.8 0

Moy

m top quark decay
CMS, 7+8 TeV comb. [10]

ATLAS, 7+8 TeV comb. [11]
P

155 160 165 170 175
m,, [GeV]

Matteo M. Defral

180 185

el L Y S I
9

Mass scheme mfnlc [GeV]  m,(m,) [GeV]
Value 171.1 162.9
Statistical uncertainty 04 0.5
Simulation uncertainties

Shower and hadro: 04 0.3
Colour reconnection 0.4 0.4
Underlying event 03 0.2
Signal Monte Carlo generator 0.2 0.2
Proton PDF 02 0.2
Initial- and final-state radiation 0.2 0.2
Monte Carlo statistics 02 0.2
Background <0.1 <0.1
Detector response uncertainties

Jet energy e (including b-jets) 04 0.4

Jet energy resolution 0.2 0.2
Missing transverse momentum 0.1 0.1
b-tagging efficiency and mistag 0.1 0.1

Jet reconstruction efficiency <0.1 <0.1
Lepton <0.1 <0.1
Method uncertainties

Unfolding modelling 0.2 0.2

Fit parameterisation 0.2 0.2
Total experimental systematic 0.9 1.0
Scale variations (+0.6,-0.2)  (+2.1,-1.2)
Theory PDF@as 0.2 0.4
Total theory uncertainty (+0.7,-0.3) (+2.1,-1.2)
Total uncertainty (+1.2,-1.1) (+2.3,-1.6)
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PDFs from HERA DIS data + W, Z/~v*,tt (ATLAS)

lepton-+jets pf., my;
and dilepton y;; spectra

total y2/NDF 1253.8 /1061
Partial y2/NDP HERA 1149/ 1016
Partial y>/NDP ATLAS W, Z/y" 789/55
Partial ,\(Z/NDP ATLAS lepton+jets p;'r, Myt 16.0/15
Partial y>/NDP ATLAS dilepton y;; 54/5
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running of my at 13 TeV (CMS)

CMS 35.9 fb (13 TeV) Y arXiv:1909.09193 35.9 fb (13 Tev)
~ =
=3 11= é ABMP16_5_nlo PDF set g ABMP16_5_nlo PDF set
£ [ = W =476 GeV = W, = m, =163 GeV
Z L o =410 3 0= M
= 105 W, =m, =163 GeV ?
g % t
1~ o % {
0.95
o 9i 3 N'-'O ex“'aﬁiﬂnl from differential o, 130 NLO extraction from differential o,
-9 ° Reference scale =1 _ E o
L NLO extraction from fhelusive o 120:— NLO extraction from inclusive o,
0.85 _ One-loop RGE, n, =5, ay(m,) = b.1101 E One-loop RGE, n, =5, ag(m,) = 0.1191
C | | 110: | | | | |
200 400 600 800 1000 200 400 600 800 1000
nGev] u[Gev]
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running of my: fixed vs “dynamic” scale

CMS supplementary  arxiv:1909.09193 35.9 b (13 Tev)

~ T observed running parametrized as
Z 1.05 ABMP16_5_nlo PDF set
5 C W =238 GeV
o e flx,p) = x[r(p) —1]+1
=z 1
£ L
F such that
0951 .
F ® f(1,un) = r(n) — RGE running
C k% NLO with bin-by-bin dynamic scale _ .
0.9F o NLO wiith static scale [PLB 803 (2020) 135263] ° f(07 H’) =1—no running
C o Reference scale
r | =5, am)= . .
0.851- Oneloop RGE. =3, a(ny) =0-1191 ‘ — best-fit value of x extracted via

| | | | | |
> e .
200 250 300 350 400 45:= ujg?eev] x° fit of f(x, u) to the ratios

fixed scale: % = 2.05 £ 0.61 (fit) O3 (PDF + ag) T2 (extr)

dynamic scale: & = 1.57 + 0.57 (fit) 7928 (PDF + as) 792k (extr)
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top Yukawa from tt distributions at 13 TeV (CMS)

137 157 (13 TeV)
’5 cms Weak Corrections —t (Y =1)
w Simulation —ti (Y,=2)
5 Fretminary —t(,-0 1376 (13 TeV)
> — Single t c
w o — Drell-Yan o
L _= :_— > Single t
30000~ __ - — £ . Drell-Yan
[ =— —_—— —_ — @ [ Total unc. |
E = > '
= w |
ZODDﬂj :
E Qe D
F Vi
mnmj 2 2
= L-_“—\_.j [oIRe]
E =3
. | ©
3 Mg NN N Alx
g RS e bl 4 |
2 Fere kg
=
“‘ZJ DS P SSSe 2 SS:
5 gy ey s v es s sEe SRR g SR NES B g AR
c ¥yI9ISTERELTIZILSIITLS
8288Rgesgdsgggeed M,, range [GeV]
Pa83585383°888¢s%¢%g

M,, Range [GeV]
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CKM elements from t-ch.

Category Enriched in Cross section x branching fraction Feynman diagram
2j1t SThp Opchp B(t — Wb) la

3jit STy.q0 STqp Orchp B — W), 0p_gh g Bt — Wb) 1b, 1c, 1d

3j2t STyp O _cnp Bt — Wb) la

26/16

Matteo M. Defral




CKM elements from t-ch. single top at 13 TeV (CMS) - Il

Treatment Uncertainty Aagr, | [0 (%)
Profiled Lepton trigger and reconstruction 0.50
Limited size of simulated event samples 313
tt modelling 0.66
Pileup 0.35
QCD background normalisation 0.08
Wjets composition 013
Other backgrounds pg/ptp 0.44
PDF for background processes 0.42
b tagging 0.73
Total profiled 34
Nonprofiled Integrated luminosity 25
JER 28
JES 8.0
PDF for signal process 38
Signal pg/up 24
ME-PS matching 37
Parton shower scale 6.1
Total nonprofiled 115
Total uncertainty 12.0
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W boson polarization in top decays: ATLAS+CMS 8 TeV combination

W polarization fractions Fo, F;, Fr determined by
©® V-A structure of t — Wb vertex

@ my, my, my

® possible anomalous couplings

l dr 7% _ 2 § B 2 § *2®
1"(1(:056*_4(1 cos 6)@+8(1 cos())@+8(1+8059)

— experimental uncertainties (3 — 5%) larger than
theoretical ones (NNLO ~ 2%) =- combination

JHEP 08 (2020) 051
® constraint:

FrR=1-F —Fo

® improved precision of
25(29)% for Fo (FL)

® almost doubled
precision on Fg

® derived limits on

anomalous coupling
in EFT framework

ATLAS+CMS fs=8TeV
LHCIopWG total stat
BN Theory (NNLO QCD)

ero 81 goro ey | FR Fe Fo
——=——  Dat(F/FF)
ATLAS 2012 l+jets, L =20.2fb" L Ly Het
EPUC 77 (2017) 264
CMS2012e+jets, L_=198f"  FeH HaH 5 sl
PTG s
CMS 2012 psjets, L_=19.81b" HH ot HH
BTz @GSz
CMS 2012 single top, L,_ = 19.7 fb™ == H——p ——
JHEP 01 (2015) 053 "
ATLAS+CMS, Vs =8 TeV. L o o
LHGIpWG

1 I I
02 04 06 0.8

W boson polarization fractions
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https://arxiv.org/abs/2005.03799

