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Why we still measure m, @l 0

EXPERIMEN

e Important input to global electroweak fits arXiv:2204.04204
e Related to EW vacuum stability at M_ scale S | 68% and 95% probability confours
. . q) . «
e Proportional to t-H Yukawa coupling 0] I | Fitwithout My, m,, andjm,
Ent | ith 2 4 q = [[__T] Fit without M,, and m,

e Enters loops with ~m* dependence & L T Fun Fit

) . Lo | D:D Experimental measurements

Not uniquely defined concept. Each definition:
200

e Theoretical or practical (dis-)advantages i P |
e Experimentally determined with different e 7'
techniques — complementarity <

— from PDG i
Mass (direct measurements) m = 172.69 + 0.30 GeV [28] (S = 1.3)
150 [~ ;
Mass (from cross-section measurements) m = 162.51’%% GeV [al I@ | |
Mass (Pole from cross-section measurements) m = 172.5 + 0.7 GeV 80.3 80.4 80.5

Mw [GeV]
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https://arxiv.org/abs/2204.04204
https://pdg.lbl.gov/2022/tables/contents_tables.html

Classes of top quark mass measurements
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“Direct” measurements:
reconstruct invariant mass of
top quark decay products

e Can be very precise
(~0.3 GeV)

e Depends on the details
of the MC simulation

— see talk by M. Vanadia
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“Indirect” measurements: measure
observable directly sensitive to m,
(e.g. inclusive/differential o)

e Compare to theory prediction in
well-defined renormalisation
scheme (pole, MS, MSR)

e Can be sensitive to soft-gluon
effects at threshold, where
mass sensitivity is the highest

“Third way”: jet mass in
boosted top decays can be
calculated using SC-EFT

— can provide info on relation
between mM© and m (MSR)

see talk by M. Villaplana + e.g.
S.Fleming, A.Hoang, S.Mantry,
|.Stewart: PRD 77 (2008) 074010
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.074010

m, from cross sections: where do we stand

1. New mtIOOIe result from combined
ATLAS+CMS inclusive O, at 7+8 TeV

e Results obtained with different
methods overall in good agreement
e CMS result from 3D cross section is

the most precise result, to date, but
may be significantly affected by
threshold effects
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ATLAS+CMS Preliminary My, from cross-section measurements
LHCtopWG June 2022
) my, * tot (stat + syst + theo) Ref.
o(tf) inclusive, NNLO+NNLL
ATLAS, 7+8 TeV ——e— 1729 %§ (1]
CMS, 7+8 TeV —— 1738 4§ 2
CMS, 13 TeV —— 169.9 57 (0.1£1.5 X7 )
ATLAS, 13 TeV —e—r 1731 37 0
| LHC comb., 7+8 TeV LHCtopWG — 173.4 39¢ 5] |
o(tt+1j) differential, NLO
ATLAS, 7 TeV H—— 173.7 57 (1.5 £1.4 15) 6
CMS, 8 TeV (*) ——t—o—i | 169.9 57 (1.1 57 ¥) 7
ATLAS, 8 TeV e 171.1 55 (0.4 +£0.9 05) 8]
CMS, 13 TeV (*) ——i 172.9 14 o ||
o(tt) n-differential, NLO
ATLAS, n=1, 8 TeV Hetq  1732+1.6(0.9+08+1.2) [
CMS, n=3, 13 TeV J—o—] 170.5+0.8 [11]
T froin S sac cay uSoupie wisumk, Mmoames
CMS, 748 TeV comb. [10] moonemE  Haimnm e
11 IATILAIS’ I7+I8 -Il-e\f Cor‘nlb' E1 1|:| | | 11 [5|] arxliv:zz:)s.mlam| | |[1°]IEPJ(|: ! :201:) sor | I.pr(le”milnani 1 1 1
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mP%® @NNLO from inclusive o, at 7+8 TeV (LHC)H@%

e
-~ ATLAS+CMS

—— ATLAS+CMS
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- - 7TeV  NNLONNLL ay(m)=0.118 ey
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m;*° [GeV]
PDF set m[tJOle as(mZ)
(@, =0.118 £0.001) (m, = 172.5 + 1.0 GeV)
CT14 174.0 55 Gev 0.1161 *9.0030
MMHT2014 1740 35 GeV 0.1160 *%31
NNPDF3.1_a 1734 *}% Gev 0.1170 *00%%
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— see talk by P. Hansen
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arXiv:2205.13830

Simultaneous fit of NNLO+NNLL (Top++)
prediction to combined 7+8 TeV o,
Residual experimental dependence on m,
(acceptance) taken into account

NB. extracted values of th’°'e crucially
depends on assumed value of ag
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https://arxiv.org/abs/2205.13830

m,. @NNLO from inclusive o, at 13 TeV (ep) o W)

LI L e

1100 ATLAS

Inclusive tt cross-section o(tt) [pb]

1000

TTT T[T TTT[TTTT [ TTTIT[TIT
| [l | RN

900
St tHEEE IR by,
700F
-~ CT14 NNLO+NNLL
600_— Czakon Fledler Mltov PRL 110(2013) 252004

e Vs=13TeV, 36.1 b
EPJC 80 (2020) 528

_I|IIII|IIII_TIIII|IIII|IIII|II_

164 166 168 170 172 174 176 178 180 l182
pole [GeV]
PDF set mP* (GeV)
CT14 173.1120
NNPDF3.1_notop S 172.9117
CT10 \e p\’(\}‘ 172.12¢
MSTW PO 172.3129
NNPDEF2.3 173.4719
PDF4LHC 172.173]
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cms MSbar CMS
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35.9fb™! (13 TeV)

og ~ EPJCT9(2019)368 | | Very similar mPo® results
e L B e by ATLAS and CMS,
also in terms of syst.
CT14nnlo e
og(m,) = 0.1181
Smaller scale uncert. in
NNPDF3.1nnlo °
ngfem;) =0.1181 MSbar result from CMS,
r—— despite absence c?f
e soft-gluon corrections

150 152 154 156 158 160 162 164 166 168 170

my(m,) [GeV]
PDF set mP°® [Gev] pole CMS
ABMP16  169.9 + 1.8 (fit + PDF + ag) 93 (scale)
NNPDF3.1 173.2 £ 1.9 (fit + PDF + a5) 193 (scale)
CT14 173.7 & 2.0 (fit + PDF + as5) 70 (scale)
MMHT14  173.6 £ 1.9 (fit + PDF + ag) T% (scale)


https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-020-7907-9
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-019-6863-8

mPo® @NLO from CMS 3D result at 13 TeV (%) &7 > (8]

EPJC 80 (2020) 658

CMS 35.9 fb! (13 TeV)
= 2 T T T 1 L B L L B L CMS
£0 300<M(tf) 400<M(tf) 500<M(tf) 300<M(tf) 400<M(tf) 500<M(ff) | © Data, dof=23 = T T T T T T TTT T NLO QCD [MadGraph5_aMC@NLO+
T [ WGR/ | GV | OGN | 00N | OGOV g ONGRY | o g " " tivsatiiiseriin
_8 015! ot | ey fet et Tet #;__._.i et m{*® = 172.5 GeV §E_ _ HERA
g 5, L. ?I — CT14, ?=61(32) 172-_ | ] HERA + 1t
:ﬁ !}& % IE% == MMHT14, y=51(38) o HERA + tt (with scale unc.)
i her F p=031 E -
0.1 ; - '-'iq; " "‘g*. d == NNPDF31, 2=41(39) N, . | e HERA + £f, g = og(m’™)
#_? E i | E i -~ HERAPDF, 2=36(35) - | i HERA + f, ™ = mP™"(ay)
0.05| ...L-i | L‘mm i ﬂ“&i E i — ABMP16, 1?=27(27) | e HERA + f, xg = xg(0t)
bt e Ca i i) ] JR14,*=34(34) F { ---- HERA +tf, xg=xg(m:°'e)
o S| a1 e=35(31) [ 5. |"'. Loy, 1R World average
| ' L ] | | ~ v T ]
o 1; — — — E =070 '
- o %
g ik :
0.8 S
0.6 . e
1 2 1 2 1 2 1 2 1 2 1 2 :
ly(t)] X
e Simultaneous fit @NLO of mP°, a , and PDFs _
in combination with HERA data i T | S T
) ole 0.112 0.114 0.16 0.118 170 172 174
Most precise result of m° to date o(m) i [GeV]

Impact of threshold effects unknown m?ole — 170.5 + 0.7 (fit) % 0.1 (mo del)f8;‘1) (param)

Matteo M. Defranchis (CERN) +0.3 (scale) GeV = 170.5 & 0.8(total) GeV !


https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-020-7917-7
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How big are threshold effects? JHEP 06 (2020) 158 @ >

EXPERIMEN

HC 13 TeV, m=172.5 GeV
NPDF31_nnlo_as_0118
fo H; f H./4

A study by Li Lin Yang et. al. based on next-to-leading g?ms

power resummation suggests that the effect in the CMS d: | LoLP
3D analysis (previous slide) can be as large as +1.4 GeV g

Short answer: we don’t really know

do/dM,(pb/GeV)
w
EE
Fr Zz C

This would lead to mP'® = 171.9 + 0.8 GeV, in better i e

agreement with other pole mass measurement & -
1.0
However, there is no consensus in the theory community oo
on the presented NNLO+NLP results, and therefore we do ' % M (Gev)
not have a conclusive answer on the issue w2 25
> LHC 13 TeV, m=172.5 GeV @ CMS
\‘B% NNPDF31_nnlo_as_0118 : NG
- _— o 3 [memoemo o
e This is currently the limiting factor of indirect B 20| WM =W =Hy ]

m, measurement at threshold at the LHC
e Hard to think of consistent ways to assess the size of
such uncertainty in the absence of a calculation
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https://doi.org/10.1007/JHEP06%282020%29158

m, @NLO from tt+1jet at 8 TeV in ATLAS (t+jets) S = (&)

EXPERIMENT

JHEP 11 (2019) 150

Invariant mass of tt+1jet system sensitive to value an AT
of m_near the production threshold D s ATLAS W Sty uncarshty 2
o = Vs=8TeV,20.2 fb" tixljet @ NLO+PS : 3

1 do..+ : 2m -?_ 32_ Parton level I ; mi:::;?lgg gzz _ _é

R(mgole, ps) _ . tt+1-jet : ps = 0 E: 2_55_ s S m=171.1 GeV(bestflt)_E
O4F41-jet dps MiFtljet -  2fF T et =

15 N =

e Normalised differential cross section unfolded to e - L E
the parton level 05E- = E

— normalisation mitigates a, dependence ) e —— . ‘

e Compared to dedicated NLO+PS predictions in S e e R
pole and MS schemes &’ 0 01 02 03 04 05 06 07 -0-.-8"-"(_).-9"""21

— PS approximates threshold effects: does it

affect the mass definition? ) .
mp® = 171.1 £ 0.4 (stat) = 0.9 (syst) T0-% (theo) GeV

my(my) = 162.9 4 0.5 (stat) £ 1.0 (syst) 723 (theo) GeV
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https://link.springer.com/article/10.1007%2FJHEP11%282019%29150

m @NLO from tt+1jetat 13 Tevincms () & [@)

EXPERIMENT

, _ 1i:|;z arXiv:2207.02270
First result of this type at 13 TeV

. NN teChniqueS to Optimally reCOnStruCt m ><I1I(I)?lllll|IlIl|lIIII|IIIIIIII|I|II3|§I3IIf?II(I1|3|-lrIeI\{)
. . o 13_CMS i Data [ tt+0 jet -
p variable and categorise processes o B et 0<p<03 [ Z+jets ]
. . . . ~ 16 Bl ti+et, 0.3 < p <0.45 [l Single top E

® MaX|mum'||ke||hOOd unfOIdlng tO reduce ..(L’ I ti+jet, 0.45<p<0.7 -tt(notdlleptonlc)
. . L. CICJ 14 [ tt+jet, 0.7 < p I Other ]
impact of systematic uncertainties > o2 ~ Total uncertainty

1 0 eip} _:

normalised
! differential
kin. reconstruction [N categorisation cross section NG

Event maximum
selection > likelihood fit of top mass
unfolding /

| neural network based :

[

LIS L L L L L L L L LB IO

fixed-order theory
prediction

Data / Pred.
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https://arxiv.org/abs/2207.02270

m, @NLO from tt+1jet at 13 TeV in CMS (i) 4% £ ™ [@]

arXiv:2207.02270

m ' extracted by fitting NLO
predictions to normalised
differential cross section

Good agreement between data
and predictions with both CT18
and ABMP16 PDFs

Milder experimental
dependence on m, and larger
PDF uncertainties wrt 8 TeV

— more details in talk by
Sebastian Wuchterl

Matteo M. Defranchis (CERN)

36.3 fb (13 TeV)

36.3fb™ (13 TeV)

(~ S i ML) it R ) L) LR R I Q BT I I e o e T
Qﬁi  EM3 ' Eft; NLO m, = 175.5 GeV S [OMS | ow
bg 4:— ABMP16NLO ti+}et NLO::;169:5 GeV ‘ b}j 3 % tt+jet NLO ABMP16NLO m, = 172.94 GeV _
yo L tt+jet NLO m, = 172.5 GeV ] S 4k % E
8 8 0 e i POW.+PYT. m, = 172.5 GeV ] B, w ti+jet NLO CT18NLO m, = 172.16 GeV
bIE Stal: & sysk uncarialoty ] blé 3 ;_ Stat. @ syst. uncertainty E
= % — 1 F e et ]
1— ] i ]
a 1_82”"“'"""‘"""""""""""'”I”“""‘ o 18 .................. rrrr AT roees ‘.I
§ éu W <4 5
5 5 1 % o
o o
o 1 O O8[ b b ]
0 01 02 03 04 05 06 0.7 08 09 1 0 0102 03 04 05 06 0.7 08 09 1
p p
ole
ABMP16: mi o = 172.94 4 1.27 (fit) 7933 (scale) GeV
ole |
CT18: my " = 172.16 & 1.35 (fit) T2 (scale) GeV.
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https://arxiv.org/abs/2207.02270

EXPERIMENT

mt'oc’Ie from leptonic obs. @ NLO, ATLAS 8 TeV A@l el ()

EPJC 77 (2017) 804 ° Only.make gse of leptonic .observ.ables, which gre less
< sensitive to jet syst. + no kinematic reconstruction
Fr % FT R BEEE RN B L LR R BE RN
3 ATLAS e Individual / simultaneous fits to NLO MCFM prediction
210°F Vs=8TeV,20.2fb" 3 o ) ]
=k e Data 2012 ] e PDF and QCD uncertainties profiled as nuisance parameters
o L — Powheg+PY6 ] - - - -
s e HEENOHE ] with gaussian priors — can be pulled / constrained
-g 3 Alpgen+HW < 185 T T T T
2107 = - - ‘ -
- g E 3 - ATLAS MCFM NLO fixed-order, u=m /2 .
C o - 1 o 180 Vs=8TeV,20.2fb" ]
= ik i =
: = . { 4 I L3I EE
I et 1704“ - H{ ] —
& 12F ‘ I : ' | - e CT14 -
St ez S 165 — = MMHT =
o T | ; _ + NNPDF30 1
0.8 , , , ‘ , g — | total uncertainty v HERAPDF 2.0 ]|
0 50 100 150 200 250 300 160~ 1 statistical uncertainty ° ABM 11 T
Dilepton p:“ [GeV] = world-average direct reconstruction NNPDF nojet -
| | | | |
thO|e =173.2 + 0.9 (stat) + 0.8 (exp) Lepton p_ Dilepton p:“ Dilepton m™  Dilepton p:_+p:l_ Dilepton E°+E" Comb. (8 dist)

+ 1.2 (th) GeV
. M.Czakon, A.Mitov, R.Poncelet JHEP 05 (2021) 212

Matteo M. Defranchis (CERN) — see talk by R. Poncelet '


https://link.springer.com/article/10.1140/epjc/s10052-017-5349-9
https://link.springer.com/article/10.1007/JHEP05(2021)212

Running of m @ NLO with 13 TeV data in CMS &7 (8]

CMS PLB 803 (2020) 135263 359" (13 Tev)

N,

T 350F e In MS scheme m =m(y_)— running (similar to ay)
£ ool Tt }  Data unfolded to parton level e m(y, )extracted as a function of energy scale p
< F ’
-g'z 250 %F NLO predictions in MS scheme CMS ) P
= E b=p =m Supplementary arXiv:1909.09193  35.91b™ (13 TeV)
0 oank i B
© 200p ABNP16.5nlo PDF set 2 1.05- ABMP16_5_nlo PDF set
E e my(m) = 162 GeV £ C
150p S m:(m:) =164 GeV ~ L
1005_ mt(mt) =166 GeV 55 1—_
u \ £ i
50 ' \ L
C 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 i 1 I 1 1 1 | 1 1 1 I 1 1 1 B
400 600 800 1000 1200 1400 1600 1800 2000 0.95~
m_ [GeV] -
) o ) 0.9 B K NLO with bin-by-bin dynamic scale ]
Result compared to theoretical predictions in the T NLO with static scale [PLB 803 (2020) 135263]
MS scheme at NLO (MCFM) with fixed QCD - ° Refarence seale |,
0.85 L One-loop RGE, n =5, ocs(mz) =0.1191

scales (U = Y, = g = m,) or with bin-by-bin
dynamic scales (u =y, =m, y_=m,/2)

Choice of dynamic scales following JHEP 08 (2020) 027

v v e b e v ey e by e e b b e by

200 250 300 350 400 450 500
b= uk/2 [GeV]
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https://link.springer.com/article/10.1007/JHEP08(2020)027
https://www.sciencedirect.com/science/article/pii/S0370269320300678

NNLO prediction in MS scheme using Matrix

e First differential prediction of this kind,
implemented in Matrix framework

e Significant reduction of scale uncertainties

e Possibility to set scale dynamically bin-by-bin
-> extract directly m(y )

Choice for dynamic scale: y_ =m,/2, since
m./2—m, near the production threshold

— can be used together with CMS data to perform
first extraction of m, running @ NNLO

Limitation: non-negligible numerical uncertainties
due to limited resources when producing several
mass points and PDF variations for QCD fit

Matteo M. Defranchis (CERN)
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S.Catani, S.Devoto, M.Grazzini, S.Kallweit, J.Mazzitelli
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https://link.springer.com/article/10.1007/JHEP08(2020)027

= . CMS CERN
m. running @NNLO with CMS 13 TeV data % £ ™ [
nPDF nPred
20 7.7 = AT(m. 1.7 C~L A MD, J.Kieseler,
X (m’J777) /Sm’]\’ 77‘)\ exp ( m, ’77 T Z ]P T Z 77t K.Lipka, J.Mazzitelli
7 \ > .

masses numerical . ' :
PDFs priors running of my at NNLO in QCD
sl arXiv:2208.11399
e CMS cross section rescaled to match
. . . 1.00 A
new measurement of integrated luminosity
e Significantly improved fit procedure, which E 6554
takes into account numerical uncertainties £
in the calculation at their correlations A:f 080 |\ NLO ealculation: JHEP 08 [2020) 027
=z CMS data at vS =13 TeV
S ABMP16_5 nnlo PDF set o)
0.85 A
o
(as in NNLO Calculation) —— QCD RGE solution at 3 loops, 5 flavours
. . . 0.80 1 ® extracted me(um) / Me(Urer) at NNLO
e Consistent results with NLO analysis O e = 238 GeV
2(I)0 250 3(|)0 350 4(I)0 4:%0 S(I)O
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https://arxiv.org/abs/2208.11399

m, from boosted m_, at 13 TeV in CMS 4% £ 2 [g)

EXPERIMENT

e Analysis makes use of XCone exclusive algorithm to CMS-PAS-TOP-21-012

reconstruct jets and sub-jets — improved resolution

-1
86 138 b (13 TeV)

T T T T T

e Dedicated calibration of FSR using substructure s T T i

. . . . . ’_|8 - CMS —4— Data 4

variables, and dedicated jet mass calibration —= [ Prelmnay m=169.5GoV

e x3 improvement over CMS 2016 analysis! JE O == m =172.5GeV

—lo | m =175.5GeV

. . . L T |

As analytic calculations for Source | Uncertainty [GeV] ol e -

m. are not yet available Statistical uncertainty 0.22 T s T ]

m extraction is demonstrated ~ BxPefimental uncertainty . - : i

t, : : JER 0.40 ‘_ 7

using Powheg simulation S 557 °-°‘i IIIIIIIIIIIIIII )

L. JMS flavour 0.27 L e . ]

Comparable precision to JES 0.10 ol ]

direct measurement, but Model uncertainty 0.48 T e B AR

with different sensitivity to E*F‘:'CG of Miop 8?; 8z 1k ; "

systematics uncertainties h i . ST
damp : 120 140 160 180 200 220

FSR 0.02 m... [GeV]

More details in talks by
M. Vanadia and D. Schwarz
+ poster by R. Kogler

Matteo M. Defranchis (CERN)

jet

m, = 172.76 £ 0.22 (stat) = 0.57 (exp) £ 0.48 (model) £ 0.24 (theo) GeV
= 172.76 + 0.81 GeV. 16



https://cds.cern.ch/record/2809549

Summary

Presented most recent and most precise
cross-section based measurements of m,
— advantage of a clear theoretical interpretation

e Results from inclusive o, strongly depend
on the assumed value of ag

e Results from differential measurements rely
on poorly understood threshold region

— theoretical advances needed in order to
obtain accurate and unambiguous results

Presented first measurement of m, running at
NNLO + precise extraction of m, from boosted jet
mass distribution in CMS

Matteo M. Defranchis (CERN)
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ATLAS+CMS Preliminary myep from cross-section measurements
LHCtopWG June 2022

- M £ tot (stat + syst + theo) Ref.
o(tf) inclusive, NNLO+NNLL
ATLAS, 7+8 TeV ——— 1729 % (1
CMS, 7+8 TeV ——1 1738 44 2
CMS, 13 TeV —— 169.9 57 (0.1+1.5 5%) fa
ATLAS, 13 TeV —e—i 1731 27 4]
LHC comb., 7+8 TeV LHCtopwa ——— 1734 ’25 e |
o(tt+1j) differential, NLO
ATLAS, 7 TeV H—=—H 1737 37 (1514 55) 6
CMS, 8 TeV (%) — 169.9 57 (1.1 57 %) U
ATLAS, 8 TeV [ 171.1 $2 (0.4 £0.9 ) i8]
CMS, 13 TeV (%) ——i 172.9 X} o |
o(tf) n-differential, NLO
ATLAS, n=1,8 TeV ] 1732+1.6(09+0.8+1.2) [10]
CMS, n=3, 13 TeV o 170.5 + 0.8 [)
s froun Sop o sy fmespdes maupnin, pumemmem

CMS, 7+8 TeV comb. [10] {i} E;jg ;3 gg;i: ggz S} é:':: ;/:s(-zrog)?»z'fgos [13] EPJC 79 (2019) 200
[ |AT|LA& |7+|8 Te\{ comlbl [|1 1|] I [5|] ar)(|W:22|05>‘3|m| 1 |“0]|EFJ(|: i :201:) B(T 1 ;pr‘:"m:"a“i [
155 160 165 170 175 180 185 190
m,,, [GeV]
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ATLAS

EXPERIMENT

Thank you!




CMS

mt from LHC 7+8 TeV combination A@é

EEEEEEEEEE

= (A(7 TeV)? + A(8 TeV)? — 20A(7 TeV)A(8 TeV)) , with

1
O-tf(mt ) - O-tpf(mfo e, @ (mZ))

)
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ATLAS pole mass from inclusive @13 TeV

Uncertainty source

AmP* (GeV)

Data statistics
Analysis systematics
Integrated luminosity
Beam energy
PDF+ag

QCD scales

Total uncertainty

02
0.6
0.8

0.1

+1.5
—-14
+1.0
—1.5
$2.0
=2.1

Matteo M. Defranchis (CERN)
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CMS inclusive 13 TeV £ ()

EXPERIMENT

35.9 fb™' (13 TeV)

NNPDF3.1
= CT14
MMHT14

PDF set my(my) [GeV] - AEMEIE
ABMP16  161.6 + 1.6 (fit + PDF + ag) 97 (scale) 0.115 E
NNPDEF3.1 164.5 & 1.6 (fit + PDF + ag) 727 (scale) _
CT14 165.0 & 1.8 (fit + PDF + a5) 797 (scale) -
MMHT14  164.9 & 1.8 (fit + PDF + ag) %1 (scale) i

0.105

ag(m,)

I

Coovvv oo by v v by v by v by v v by g0

159 160 161 162 163 164 165 166
my(m,) [GeV]
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CMS 3D impacts

Matteo M. Defranchis (CERN)

Parameter Variation as(mz) mfmle [GeV]
Fit uncertainty

Total Axr=1 +0.0016 +0.7
Model uncertainty

fs fs=05 +0.0001 0.0
fs =03 0.0000 0.0
0%, 02, =50GevZ  +0.0002  +0.1
Q2. Q. =25GeV?  —0.0004 0.1
M, M. =1.49GeV +0.0001 0.0
M. M. =1.37GeV 0.0000 0.0
Total fooos Lo
PDF parametrisation uncertainty

Hio ufo=22GevZ ~ —0.0001 0.0
Hio uio=16GeV>  +0.0002 0.0
Aé setto 0 +0.0002 —0.1
Eg setto 0 +0.0008 0.0
Total whis -0.1
Scale uncertainty

r variation ur=H' +0.0004 -0.2
¢ variation ur=H'/4 +0.0007 +0.1
Wt variation ue = H' —0.0002 +0.3
¢ variation ue=H'/4 +0.0001 -0.3
I, Variation urf=H' +0.0004 +0.1
Ir £ Variation urf=H'/4 +0.0011 —-0.2
Alternative ¢ uef=H/2 —0.0005 +0.1
Toa IS

CMS

CE/RW
\
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ATLAS tt+1jet 8 TeV

Matteo M. Defranchis (CERN)

CMS

Mass scheme mP [GeV]  my(my) [GeV]
Value 171.1 162.9
Statistical uncertainty 0.4 0.5
Simulation uncertainties

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

Jet energy scale (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 (4+0.6,-0.2) (+2.1,-1.2)
Theory PDF®ay 0.2 0.4
Total theory uncertainty (4+0.7, —0.3) (+2.1, —-1.2)
Total uncertainty (4+1.2, —-1.1) (4+2.3, —1.6)

CE/RW
\
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CMS tt+1j CMS 13 TeV

36.3fb™" (13 TeV)

_llIIIIIII|I|IIlllllllllllllII||III|IIII|[|II|III]_

L 20005 (e i Data
o 1800F fi+jet NLO m, = 175.5 GeV
B 1600F ABMP16NLO ti+jet NLO m, = 169.5 GeV
21400F tiHjet NLO m = 1725 GeV
b 1200 e ft POW.+PYT. m, = 172.5 GeV
© 1000F Stat. @ syst. uncertainty -
800F R —— 3
L gasaceaaaa- e — ]
400 E
2001 =
'llIIlIIIi[IlIIIllllllllllllllllllIIIIIlIIIlIII'
| R LU | 8 B2 LB | S L ¥ Ly | 7 B I LU UL T
o 4 (23 rHH RARRRRRREN rHH
© e
[ N N e | |
=~ 1 ¥ . . +
- e, e ———
© - ——
(O]
| -
& 0'8-1111111111111I]lllllllll[lllllllllIlllllllllllll-

0 0102 03 04 05 06 0.7 0.8 0.9
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1
p

tt+jet d tf+je't/dp

1/,

Pred. / Data

0.81

@ CMS

TL

EXPERIMENT

36.3fb (13 TeV)

AR REE=N ERZR BRI RESCl BRRRY R REN ERERS RERRY RAZES
- CMS ¢ Daa
r tt+jet NLO m, = 175.5 GeV
tt+jet NLO m, = 169.5 GeV
tt+jet NLO m, = 172.5 GeV

— ABMP16NLO

e ft POW.+PYT. m, = 172.5 GeV
Stat. @ syst. uncertainty

IJllllII][llllIllllIllllllllllllllllllllIlll[llll

0O 0102 03 04 05 06 0.7 08 09 1
P

CE/RW
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CMS tt+1j CMS 13 TeV €)% @)

EXPERIMENT

36.3fb" (13 TeV) 36.3fb" (13 TeV)
Nx :||IIII|IIII|II|I LA} IIII|ll||lll||l||||l|l||l: Q- 6~_IIIII[IIIIIIIIlIIIIlIIIIlIIIIlIIIlIIIIIIIlIlIIII—ﬂ.
22-CMS = Q‘_ - CMS I Data
- ] 2L 5k E
oL e e IBMPIONLO: e {indol=0.01.3 E & % ti+jet NLO ABMP16NLO m, = 172.94 GeV ]
[ =7 © 4 £ NN E
18: _____ < CT18NLO ¥ /ndof=3.1/3 ] 5 . \\\\\\ ti+jet NLO CTI8NLO m, = 172.16 GeV 1
16 . " - = 3 B ]
; . bﬁ 3 C Stat. @ syst. uncertainty ]
14 = | = ; L
[ . A . 2 n ————— et ]
120 S :
10 % N g 3 b 1
: L) “.\ ," : :Il vI Ill VI.IFIﬂi AI“IAIA I | { B I | | L1l | Y | | { I e | -I)l'I- lII I‘I 'I'l( l ; (I‘I':
8__ : \“ ." 3 g —_' m 18-IIIIIIIIl|IIII||lII|II|I[IIlI|IIIIlllllllllllllll-
= Vo = : © R
4 :_ ‘~,.‘.:'» . ¥ '.’: E _: \- 1 { /9«)\)957999« LLLL /g///////.:
- 00008 g0 . -o
F ER -
o_llllllllIII|IIII|llII|III!Illllllllllllll'lllill— & 0.8-IIII|IIIl||||I|I|[I||III[IIII|IIII|IIIIllllilllll-
168 169 170 171 172 173 174 175 176 177 0O 0102 03 04 05 06 0.7 08 09 1

m™*® [GeV] P
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ATLAS leptonic observables 8 TeV

CMS

178

[GeV]

176

pole

t

174

172

170

168

III|III|III|III|III|III

ATLAS
(s =8 TeV, 20.2 fb

ot
T
4
L
o

| total uncertainty
1 statistical uncertainty

|
MCFM NLO fixed-order

i1

world-average direct reconstruction
|

K

CT14
MMHT
NNPDF 3.0
HERAPDF 2.0
ABM 11
NNPDF nojet

111

O « » m o

166

Matteo M. Defranchis (CERN)

Comb. (8 dist), u:mtlz

Comb. (8 dist), u:HT/4

Comb. (8 dist), u:ET/Z

CE/RW
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ATLAS leptonic observables 8 TeV A@)s )

EEEEEEEEEE

d>

2

exp exp

( D Z] 7 bj,exp Zk 7 bk th)

X (Bexp, ) = Y 2 + ) biep®+ ) byw’ +L,
i i Jj k

The x? for the consistency of each prediction with the data was calculated using Eq. (9), incorporating
both PDF and QCD scale uncertainties into the theoretical uncertainties represented by the nuisance para-
meters by,.
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: @ CMS
ATLAS leptonic observables 8 TeV XS

CT14 MMHT NNPDF3.0 HERAPDF2.0 ABM 11 NNPDF nojet
HF = 4R = my[2
X*/Naof 71/68 70/68 67/68 67/68 71/68 64/68
mP® [GeV] 173.5+12 1734+12 173.2+12 1729+12 17283 173112
Data statistics +0.9 +0.9 +0.9 +0.9 +0.9 +0.9
Expt. systematic e +0.8 +0.8 +0.9 fg:g +0.8
PDF uncertainty +0.1 +0.1 fgé +0.1 +0.1 +04
QCD scales +0.1 +0.1 o +0.1 +0.1 +0.0
MF = pr = Hr /4
X*Naog 69/68 67/68 64/68 61/68 66/68 60/68
mP° [GeV] 173.6+13 1734+13 173.2+13 173.6+13 173.7+13 1732713
pr = pg = Er/2
X% /Naof 71/68 70/68 66/68 64/68 68/68 64/68
mP®° [GeV] 1747+14  1745*%5 17431 173.6 115 173.4*117 174012

Matteo M. Defranchis (CERN)
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Running m, CMS, likelihood unfolding &% (@

N/

M 35.9fb" (13 TeV
> CMS ( ) CMS 35.9fb™ (13 TeV)
© ~ T
O 10° ¢ Data [ Signal () ?: 11 ABMP16_5_nlo PDF set
. . - M _ =476 GeV
2 Ml signal () [ ]Signal (i) > 1080 by 2 163 GeV
L%’ 102 [ Signal () [ |Background = F
& Syst+AmM°© 1
10 - 0.95(
- E [ NLO extraction from differential o,;
B 0.9 o Reference scale = M ?
1 r NLO extraction from' mclusnve Oy
= 0.85 ] One-loop RGE, n =5, a,(m,) = 0.1191
C 1 I 1 1 i | l 1 1 1 I 1 1 1 I 1 1 1 ] 1 1 1 I ] 1 1 I 1 it 1 I 1 1 1 I : L 1 I 1 1 1 I L 1 1 I 1 1 1 | L 1 1 | 1
400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000
m:ieco [GeV] u [GeV]
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NNLO running: fit strategy A@é el ()

EEEEEEEEEE

nPDF nPred
X (1, 7, 7) = AT (7, §,7) Cop A, 5, M) + D da+ D
p=1 i=1

Ak(mka.;a ﬁ) — Uécxp T fh(mkaja 77)

on (M) = 0 (1 + m0pym)

13 . nPDF O’p’k(’r] k)
o (7, = o mp) 1] [1470 | 22— — 1
p=1 O-th ’ (T]mOak)
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Running NNLO: interpolation

Matteo M. Defranchis (CERN)

[pb]

1
tt

Measured and calculated o

280 4 ¢ NNLO calculation
~—— Quadratic interpolation
—— Measured cross section
2704 + Experimental uncertainty
260 \
250 - }
2404
2301
NNLO calculation: JHEP 08 (2020) 027
2204 CMSdataatvs=13TeV
ABMP16_5_nnlo PDF set
159 160 161 162 163
me(u1/2) [GeV]
Measured and calculated o?;
2004
¢ NNLO calculation
~—— Quadratic interpolation
1951 —— Measured cross section
Experimental uncertainty
190 A
185 A *
180
175 A
170 A
NNLO calculation: JHEP 08 (2020) 027
CMS data at VS =13 TeV
165+ ABMP16_5 nnlo PDF set

1425 1450 1475 150.0 1525 155.0 157.5 160.0 162.5

me(u3/2) [GeV]

CMS
ATLAS

EXPERIMENT

Measured and calculated o

350 1

340 4

3301

3201

[pb]

2
tt

3101

300 A

290 4

280 4

4 NNLO calculation
~—— Quadratic interpolation
—— Measured cross section
Experimental uncertainty

NNLO calculation: JHEP 08 (2020) 027
CMS data at VS =13 TeV
ABMP16 5 nnlo PDF set

150 152 154 156 158 160 162 164
me(u,/2) [GeV]

Measured and calculated oj

55.0

52:5'9

50.0

47.51

ait [pb]

45.0

42.54

40.0 1

4 NNLO calculation
~—— Quadratic interpolation
—— Measured cross section
Experimental uncertainty

NNLO calculation: JHEP 08 (2020) 027
CMS data at VS =13 TeV
ABMP16 5 nnlo PDF set

120 130 140 150 160
me(ual2) [GeV]
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Running m, @ NLO vs NNLO £ 1% )

NLO:

NNLO:

EEEEEEEEEE

m, (1) = 155.4 0.8 (fit) = 0.2 (PDF+ag) £ 0.1 (extr) 02 (scale),

m(py) = 150.9 + 3.0 (fit) 757 (PDF+ag) 103 (extr) 33 (scale),

m(ps) = 1482 4.6 (fit) T19 (PDF+ag) 177 (extr) 17 +73 2 (scale),

m,(iy) = 136.4 9.0 (fit) 733 (PDF+ag) 1335 (extr) f?66_1 (scale).

pr/2 [GeV] | my(ur/2) [GeV] exp [GeV] PDF+num [GeV] scale [GeV]
192 160.90 0.61 0.81 +0.13, —0.69
238 156.9 2.5 2.4 +1.4,-3.0
322 152.9 4.2 4.4 +4.4,—6.7
512 134.8 8.7 7.0 +9.0, —12.2
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Running m, @ NLO vs NNLO &) @)

m(Um) at NNLO in QCD

CMS Supplementary arXiv:1909.09193 35.9 fb™' (13 TeV)

& 170 ABMP16_5_nlo PDF set 1601 ¢
= - + M, =m =163 GeV
= 160
- B — 150
140 £ 1401
C P o NNLO calculation: JHEP 08 (2020) 027
- 5 CMS data at VS =13 TeV ®
130 ) NLO extraction from differential o, & ABMP16_5_nnlo PDF set
L 130 A
C [] NLO extraction from inclusive o,
120__ S One-loop RGE, nf =5, (xs(mz) =0.1191 evolved uncertainty at 3 loops, 5 flavours
E ¢ extracted mi(um) at NNLO (from differential)
110— 260 TR 4(')0 R 6(130 R 860 L '10|00' : 1207 & extracted my(my) at NNLO (from inclusive)
u [GeV] 150 200 250 300 350 400 450 500

energy scale L = uy/2
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Boosted M., CMS

CMS

Measured m, [GeV]
.
(4]

170

7]
.
.
.
.
- . -
.
.

T T T T T

| Simulation R
| Preliminary + -
—e— Extracted m}®
% -=--- Perfect measurement
| L 1 L L ‘
170 175

True m, [GeV]

Matteo M. Defranchis (CERN)

Source Uncertainty [GeV]
Total 0.81
Statistical 0.22
Experimental total 0.57
Jet energy resolution 0.40
Jet mass scale 0.27
Jet mass scale flavour 0.27
Jet energy scale 0.09
Pileup 0.08
MC statistics 0.07
Additional XCone corrections 0.03
Backgrounds 0.01
Model total 0.48
Choice of m; 0.37
hdamp 0.19
Colour reconnection 0.19
Underlying event tune 0.12
Mg, YR scales 0.07
ISR 0.06
FSR 0.03
Theory total 0.24
FSR 0.14
Underlying event tune 0.13
Colour reconnection 0.10
UE, Yg scales 0.06
hassnp 0.06
ISR 0.06
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