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Probing top quark Yukawa coupling in EFT

Li, Xu, Yan, CPY, arXiv: 1904.12006
Measuring Top Yukawa coupling at the LHC Breaking the degeneracy!
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New Physics Found (in 1996) ?
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CT18 family PDFs

Hou, et al., arXiv: 1912.10053

CTE Q

® Start with CT14-HERAII (HERAII combined data released after publication of CT14)
® Examine a wide range of non-perturbative PDF parameterizations

® Use as much relevant LHC data as possible; using applgrid/fastNLO interfaces to
data sets, with NNLO/NLO K-factors, or fastNNLO tables in the case of top pair
(single and double differential) data # compared to NNLO theory predictions.

® PDFSense (arXiv:1803.02777) to determine quantitatively which data will have impact
on global PDF fit

® ePump (arXiv:1806.07950) on quickly exploring the impact of data prior to global fit
within the Hessian approximation

- good agreement between PDFSense, ePump results and global fit

® [agrange Multiplier studies to examine constraints of specific data sets on PDF
distributions, or on a(m,) and (in some cases) the tensions (useful information)




L HC data sets included in CT18

CTE Q

245 1505.07024 LHCb Z (W) muon rapidity at 7 TeV(applgrid)

246 1503.00963 LHCDb 8 TeV Z rapidity (applgrid);

249 1603.01803 CMS W lepton asymmetry at 8 TeV (applgrid)
250 1511.08039 LHCDb Z (W) muon rapidity at 8 TeV(applgrid)

253 1512.02192 ATLAS 7 TeV Z pT (applgrid)

542 1406.0324 CMS incl. jet at 7 TeV with R=0.7 (fastNLO)
544 1410.8857 ATLAS Iincl. jet at 7 TeV with R=0.6 (applgrid)
545 1609.05331 CMS incl. jet at 8 TeV with R=0.7 (fastNLO)

580 1511.04716 ATLAS 8 TeV tT pT diff. distributions (fastNNLO)
+1511.04716 ATLAS 8 TeV tT mtT diff. distributions (fastNNLO)
573 1703.01630 CMS 8 TeV tT (pT, yt) double diff. distributions (fastNNLO)

248 1612.03016 ATLAS 7 TeV Z and W rapidity (applgrid) == | CT18Z PDFs




Experimental data in CT18 PDF analysis

. . ] — ——— —r—— —
L I | | I o
= : X‘ X‘ X‘
| X X x
r : i Ka $a «
; EE
i l ﬁfﬁéﬁ ® HERAI+II'15 & ZyCDF2'10
! X X x
3 "w‘-lxx:;w‘ x%f;w‘-x,;;ﬁr‘;x B BCDMSP'89 A HERAB'06
P M . % F
1000+ é,?‘v?g;’sfa’”fzgvg 4 BCDMSD'90 7 HERA-FL'11
|
- 1 .’S*gf:?;?’:@?ﬁ’x ; A NMCrATIT x CMSTEAsy'l12
' | R
| (] *
"_____________T ______________________ ; @;";E:}““Z‘;??_g ¥ CDHSW-F2'91 O ATLVWZ'12
- | W ter ¥ ey 43
x x x x a* X = Ox%e % * ' '
i ; NN T i er ey iﬁimﬁ*‘*;‘ﬂ. v 4 | O CDHSW-F391  » DO2Easy2'15
! XE O OXF xF N xF xv..’ XF %% oGE « XFe xF O oxF g . ,
: X% XF x® xv: KF oy x T xFa %% .)‘fﬁ PR TR SIS 0O CCFR-F2'01 . CMSTMAasy2'14
r | XY X7 x¥ xT |&%7etxT® xTm x¥Us %igm v v wtt x¥ % +
| XV x5 XV XV ’;V ;’xv xyl ¥VI ‘;ﬁi+.xv" >I§ ;%" ‘: "‘ O CCFR_F3F97 . CDFQJETS’OQ
! 7 K K Voo VR TE Fe L Ve, 0T, 0 oV e e
~ | AP SRR o e A NUTEV-NU'06 4 DO2JETS'08
© 100 L T omortrnsecortd pese cor AEECERCONSETASCESECODOCNSEONEE e T T ey
O W, Z prod QT 0T oTeTeTeTaimifa @M miintapfom e poatikm fmonk £ Tk ok v NUTEV-NUB'06 A ATLAS7IEIS'1S
~ = [ N | | ] * | = = = - -
:__ i : : . . . : . ® » . . b4 CCFR SI NU'OI v LHCB?ZWRAP'IS
”””””””” | e
- & - - - - - -
r : : - - - : . = - - e CCFR SI nuB'01 O LHCBRZEE'LSH
| | » - - | * » - » -
I i i s i T + HERA«'13 O CMS8Wasy'ls
- i | pes o bttt o a1 | @ Beosal ¢ LHCBSWZ'16
| | - OB W b @ - - - . | »*
| 0\6 RO - B ES66rAT'01 A ATLSZPT'16
| sesim smepes s mis 0w * o8 k -
10? “““““““““ I TV S seimweai weel sraTwe BT e T e g i & EB66rP'03 v CMS7iETs'14
r n:::iinoi: ;.o;. .:( :* : : u
r n.--:mﬂv-.o. u see - - 1 A CDF]_WASY'96 b4 CMSSJETSFIT
r .'.?.%.P-* -..*.? .._; - - =1
i gedet 4 "f R . ] ¥ CDF2Wasy '05 € CMS8TTR-PTTYT'17
‘ i :.?. -8 l* ? *:
-t TSl S () DO2Masy'08 +* ATLSTTB-PTT-MTT'15
r - e - - - 7
IR 4 O ZvD02'08 ® ATL7ZW'16
L | ' * - * 1 4
= ! 7 __ ;
I | .
| | Fixed-target DIS & DY

0.010 0.100 1



CT18 LHC data treatment

® CT18 analysis includes new LHC experiments on W /Z, high-p; Z, jet, tt
production; up to 30 candidate LHC data sets available

® The challenge is to select and implement relevant and consistent experiments

» We include as large a rapidity interval for the ATLAS jet data as we can, using
the ATLAS de-correlation model, rather than using a single rapidity interval.
Using a single rapidity interval may result in selection bias.

» We use two tt single differential observables from ATLAS (using statistical
correlations) and double differential measurement from CMS in order to include
as much information as possible. Again, there is a risk of bias, as some of the
observables are in tension with each other.

» Previous data continue having an impact on global fits and tend to dilute the
Impact of new data



CTE Q

CT18 family PDFs

® CT18 (main PDF)
® CT18A (including ATLAS 7 TeV precision W and Z data)
® CT18X (special scale for DIS; mimicking small-x resummation)

® CT18Z (including both ATLAS 7 TeV W/Z data and special
scale for DIS)

—)

» CT18A differ from CT18 mainly in s-PDF.

» CT18X differ from CT18 mainly in g-PDF.

» CT18Z represents the maximal difference from CT18,
particularly on g-PDF and s-PDF.




CTE Q

> The CT18 PDF uncertainty is mildly reduced at NNLO compared to the CT14 PDF
uncertainty.

» 700+ data points from 12 new LHC data sets. The LHC constraints on the CT18
PDFs are weaken by some inconsistencies between the LHC data sets and the
pre-LHC data sets.

- HERA DIS and fixed-target experiments deliver key constraints on CT18 PDFs.

- We observe some impact on PDFs from ATLAS and CMS incl. jet data, ATLAS,
CMS, LHCb W/Z data and ATLAS 8 TeV Z pT data.

- LHC top quark pair data provides a similar impact to g-PDF as incl. jet data, but
cannot reduce g-PDF errors as strong as incl. jet data due to its much smaller
number of data points.

- ATLAS 7 TeV W and Z rapidity data is included in the CT18Z PDF analysis.

Findings




Selected Top Quark Pair Observables
from ATLAS and CMS

« Modest effect observed if t-tbar data are included together with the Tevatron and LHC jet production
data.

* Its impact on gluon PDF is consistent with jet data, though jet data provide stronger constraint.

« For ATLAS 8 TeV, select the pT and mtT distributions that directly probes large-x region; statistical
correlations are included in order to fit pT and mtT simultaneously; fully correlated for experimental
systematics except for decorrelation of PS sys. error.

Y2 /Ny nominal w/o PS decorrelation w/o statistical correlation
(with CT18 PDFs)

ATLAS 8 TeV ATLAS 8 TeV abs.

do/d pT & do/d mtt 0.62 3.55 0.51
1511.04716 (Npts=15)

CMS 8 TeV nor.

CMS 8 TeV d20/(d pT d yt) . ——
1703.01630 (Npts=16) 1.18
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Theory calculations @NNLO

@ Jet pT, (W,2) rapidity, Z pT, t-tbar

Obs. Expt. fast table NLO code K-factors R,F scales
L ATL 7 APPLgrid |
Inclusive jet CMS 7/8 | fastiiLo NLOJet++ NNLOJet PT. P
b ATL 8 | APPLgrid MCFM NNLOJet \/ Q2 +p2.,
. LHCb 7/8
W/Zrapidity | "y 7 APPLgrid | MCFM/aMCfast | FEWZ/MCFM My 7
W asymmetry CMS 8
DY ATL 7/8 _
(|0W,high mass) CMS 8 APPLgrid | MCFM/aMCfast | FEWZ/MCFM Qq
- ATL 8 Hr mr
tt CMS 8 fastNNLO T 9
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CT18 NNLO PDFs
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Lagrange Multiplier Scans

« Atxaround 0.01, ATLASS8 Z pT data prefer a slightly larger gluon PDF.

o At xaround 0.3, competing with the CDHSW F2 and Tevatron jet data, which prefer
larger gluon, the ATLAS7 jet, CMS7 jet and ATLASS8 Z pT data prefer a smaller gluon;
some tension found in CMS7 and CMS8 et data.

« The gluon PDF as x — 1 is parametrization form dependent. 12



g(x=0.3; Q=125 GeV)
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Lagrange Multiplier Scans

| CMSTjet &3

*.o*:. : C M S 8J et
" 1 ATLASTjet

* ] cMssttbar ’
i ATLASSttbar\

| CDHSW F2

CT18 NNLO PDFs

(g-PDF)

T .

At large x=0.3, Q=125 GeV,
CMS + ATLAS jet data and
CDHSW F2 data dominate the
constraint on g-PDF.

CMS 8 TeV t-tbar (pT_t,y t) data
provides similar constraint as
HERA I+l data on g-PDF,
favoring softer gluon.

ATLAS 8 TeV t-tbar (pT_t ,M_tt)
data provides similar constraint
as DO Run 2 jet data on g-PDF,
favoring harder gluon.

Some tension found in CMS7
(favoring softer gluon) and CMS8
(favoring harder gluon) jet data.

CTE Q
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Compare
g-PDFs in
various
global fits
at 90% CL

Compare
g-PDF
error
bands

Impact of LHC 8 TeV t-thar data to CT18 [N

:j_ o g{KQ)atQ IGDDGEVQD%CT I_ .
o CrimwLo ® (g-PDF ratios to CT18NNLO PDFs (in
Z 12} 2 Tn3mjt blue)

S ~\ 1 e Red curve (and its PDF error band) is
200 = a global fit with ALL the jet data
fﬂ-s removed from the CT18 fit.
= { @ Green curve is a global fit with ALL the
O e Dj; jet data and LHC 8 TeV t-tbar data
: “ (ID=573 and 580) removed from the

:j o(xQ)at Q=100.0 GeV 90%CL | - CT18 fit.

S 13 Toom { @ g-PDF at large x is mainly constrained

Z12f 2 Tn3myt by the jet data, especially CMS and

% ol ] ATLAS jet data.

2o} ® The impact of LHC 8 TeV t-tbar data is

g0 to reduce g-PDF and shrink its error
06F band at x around 0.2-0.5.

05 ottt
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Which exp. obs. to use In the global fit?
- - 12 T T T T T T T
Kadir, et al, arXiv: 2003.13740 _ ] e at Q=100.0 GeV 90%C L.
;‘<\lf‘:
% LI
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Impact of t-tbar data

® g-PDF will be modified in the large x region, consistent with
Inclusive jet data constraint, but depending on the chosen
(absolute or normalized) exp. observables (m_tt, pT t,y t,y tt,
etc.)

® Need to carefully include statistical and (correlated) systematic
errors.

® Use double-differential top distributions to include more data
Information.

Czakon et al, arXiv:1912.08801
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Fits to CMS 13 TeV top quark pair data

CTISNNLO g(x. 100 GeV) and my. 13 TeV. m=172.5 GeV

] [ - — T

x?/Npt table for CMS 13 t-tbar dis., — g \

CT18NNLO (mt=172.5 GeV) = do /dm;z

x*/Npt  Absolute obs. Normalized obs. - ® Sensitive to
1811.06625 1811.06625 g 0 /// S — g-PDF at x in

obs. CT18 ePump CT18 ePump S _ [0.05-0.5]

updated updated "’ l\\\&'\ and around
mt 357 342 538 526 = 0.01

100 10% 100 107 . 002 05 09

pT_t 3.59 3.46 3.96 3.88
pT_tb 3.52 3.38 3.68 3.63
pT_tt 3.24 3.17 5.31 5.30

Not a good fit, why?
® Revised Data Analysis
® |mproved Theory calculations

y t 0.76 0.74 0.90 0.89

y_tb 0.58 0.56 0.56 0.55 ® Removing the first M_{tt} data point, which is

y tt 0.86 0.79 0.88 0.81 important for determining top quark mass, does
Ay tt 1.03 1.00 1.23 1.19 not change the fitted g-PDF.
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ratio to MNNLO

ratio to MMNLO

030

my|= 172.5 GeV LHC|13 TV
Scale: Hy /4 PDE: NNPDF31
Fiducial phase space

CMS Data: Sirunyan et al, arXiv: 1181.06625

® Black data points; CMS*

® Gray data points; (no neutrino in jets); not
Include the neutrinos from semileptonic B-
meson decays; breaking of partonic-particle
jet equivalence

Theory calculation:

Czakon, Mitov, Poncelet; arXiv: 2008.11133

| cemm—
jets)
*Eytema La} #
L + T !
t |
I
J —— NNLO —— NNLO (m: = 17015 GeV)
_L |
{' o 5
v | 4| * { !
50 7l 1000 1250 1500 173 200H) 2250
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Improved Theory Calculations CTEQ
(beyond NNLO in QCD)

LHC 13 TeV. m=172.5 GeV

» CMS data 35.9fb™"
14}

® NNLO QCD + NLO QED \ J[ o] e
arXiv: 1705.04105 . v G

datatheory(ct18nnlo)
-
o

o ;
[==]
—

® Resummation:

= Soft gluon resummation in the dor | drm.e oo | | | |
threshold and in the boosted-soft of/dmyp e e
limit . :
LI % EE Nr~JF’DF31e_n’nrlg:as_[-)11ae
arXiv: 1803.07623 S o R e
. 2 - [ams
= Resum Coulomb corrections near M = e
the threshold region . I
arXiv: 1908.02179, 2004.03088 L=
06 000 5000 ML(GeV)
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Lessons learned from PDF fits for EFT fit

{Experimentalists} + ETheorists}

2017 Featured Story #1: Million-dollar
gift establishes endowed professorship
in honor of the late Dr. Wu-Ki Tung

® Co-founder of CTEQ
(The Coordinated
Theoretical-
Experimental Project on
QCD) in 1989 — present

® Nowadays, many, like
this one -- LHC Top WG,
are doing precisely that.

e A
. - .
e

" Dr. WuEKi Tung Endowed befeésorstﬁp in Particle Physics

1

Michigan State University
(1992-2009)

http://www.pa.msu.edu/node/5921
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a. (Mz ) for CT18

CT18 NNLO 5
a;(Mz)=0.1166+0.0027 at 68%CL (AX = 37)

HERAI+II
| HERA - HERA I+I]

BCDMS p

100 —
80}

60}

/] eMse e Lagrange Multiplier scan

CMST jets
E866pp

1 CDF2 jets
CCFR F2

LHChEWZ
_2 | N S TN T AN TN TN T AT TN TR TN N TN SO S [N SN T T NN ST TN T N T Y S T
lH_HITJ 0112 0114 0116 0118 0.120 0122 0.124

202 fets ' ATLAS 7 jet
ATLAST jets
ATLazeT ATLAS 8 Z pT
s(Mz)
« The fixed target F2 data and HERA DIS data prefer smaller as value.

« The ATLAS 8TeV Z pT and ATLAS 7 TeV incl. jet data, bring the central
value of as (Mz ) from 0.11573:90% (CT14) to 0.1166 =+ 0.0027 (CT18).

401

(B Jexpt
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PDF Luminosities at 13 TeV LHC
CT18, MMHT14 and NNPDF3.1

Gluon - Gluon Luminosity [error at 68% c.|]
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68% CL
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CT18Z
LHC data treatment

® Start with CT18 data set

® Add in ATLAS 7 TeV W and Z rapidity data (arXiv:1612.03016; 4.6
1/fb); large chi*2/d.o.f ~ 2.1

® Remove CDHSW data

® Use a special x-dependent factorization scale pp 5, at NNLO
calculation

® CT18Z uses a combination of uy,g, (preferred by DIS) and an increased
m.Pole = 1.4 GeV (preferred by LHC vector boson production,
disfavored by DIS)

Bm) (CT18Z PDFs
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CT18Z fit

» ATLAS 7 TeV W and Z rapidity data have obvious tensions with

NuTeV di-muon data; and some tension with HERA 1+1| data.

=20~

30

CT18Z NNLO

e s T
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