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What's new in CT14

New parameterization form ® o (m;)=0.118, with 90%CL error =
® In general +/-0.002

f (:1;) _ o (1 B Qj)aQ P (:1:) ® New data sets (in addition to those in
® InCT10 CT10)

¢ LHCb7 TeV W asymmetry

¢ CMS W asymmetry, 4.7 fb™'

o ATLAS low mass/high mass DY
o ATLAS inclusive jet 7 TeV R=0.6

P(z) = exp(ap + asv/w + ayx + asz?)
+ exponential form conveniently
enforces positive definite behavior

+ but power law bghawors from a, and + CMS inclusive jet 7 TeV R=0.7
a, may not dominate

® InCT14 o ATLAS jetratio 2.76 TeV/7 TeV R=0.6

Py(z) = Gu(z) Fu(2) ® Applgrid is used with ATLAS jet ratio
data, and ATLAS low-mass and high-
mass DY data sets

z=1- (1-7x) ® fastNLO used with all other jet data

o with a;>0

+ where G,(x) is a smooth factor, and

sets
+ preserves desired Regge-like behavior o _
at low x and high x ® [nclusive jet cross section not yet
® Express F,(z) as a linear combination llilnl\(l)l\_N(; ;i(t) NNLO, so how to include in

of Bernstein polynomials
42 (1—2),622(1—-2)%42(1—2)° (1 —2)*
s each basis polynomial has a single ® ...especially if NNLO corrections for

peak, with peaks at different values of gg initial state appear to be large
z; reduces correlations among

nnrhmnl‘nrﬁ



...but, arXiv:1407.7031
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® NNLO/NLO corrections smaller

doldp. (pb)

(on the order of 5%) and flat as a e E

80 GeV < p.< 97 GeV

function of jet p if scale of
inclusive jet pT is used rather
than p; of the lead jet

® ...which is what should be used in A

1

any case ’
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Jet data in global PDF fits

® The issue regarding jets at
NNLO may be or may soon be
resolved

E 1 5_ ATLAS j L dt=37 pb"
¢ What abOUt the impaCt Of parton UBJ 1 '??i’é?.t::z:;»:z:;fz:c‘;:‘;:?rq:e:;;-;e:;;;;-_,:;;;,._:; O SOt 1 \'s=7 TeV
showers? z | 2= T antik, jets, R=0.4
i g OOk —&— Siatsical orror
® So far that has been ignored by  g1sF R
the PDF fitting community * : uncertainties

NLOJET++
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Non-pert. corr.
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A (CTi0, p,=p$°m) ®
PYTHIA AUET2B

POWHEG
= (CT10,u=pf™") ®
PYTHIA Perugia2011

« 2010 ATLAS data lies below NLOJET++
prediction using CT10 at high p;/y

» difference if Powheg used instead of fixed
order? extra radiation? PS dependence?
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Sherpa at NLO

® \With Sherpa NLO, the modifications to fixed-order predictions seem to be
in regions where vou would expect soft gluon radiation to matter

Inclusive jet transverse momenta in different rapidity ranges
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default

Powheg

® Maybe issue is with the scale at
which the parton shower is
started

® The green band to the right is the
envelope of three Powheg-pT
interpretations, i.e. three ways of
defining the value pThard against
which the pT of the emission is
checked in order to decide on an
emission veto:

¢ 0-pThard = SCALUP (of the
LHA/LHEF standard)
/ 1 - the pT of the POWHEG
emission is tested against all
other incoming and outgoing

partons, with the minimal value
chosen

¢ 2 -the pT of all final-state partons

is tested against all other
incoming and outgoing partons,
with the minimal value chosen

d?c/dpdy [pb/GeV]

MC /Data

Stefan Prestel

Inclusive jets, 0.0 < |y| < 0.5
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— 2 see arXiv:1303.3922, + use a

vetoed shower



Les Houches high precision wishlist

heavy quarks, photons, jets

Process known desired details
tt oot @ NNLO QCD %0 (top decays) precision top/QCD,
do(top decays) @ NLO QCD ( @ NNLO QCD + NLO EW [Bluon PDF, effect of extra
do(stable tops) @ NLO EW radiation at high rapidity,
top asymmetries
tt+] do(NWA top decays) @ NLO QCD | do(NWA top decays) precision top/QCD
@ NNLO QCD + NLO EW | top asymmetries
single-top | do(NWA top decays) @ NLO QCD | do(NWA top decays) precision top/QCD, V,,
@ NNLO QCD (t channel)
dijet do @ NNLO QCD (g only) do Obs.: incl. jets, dijet mass
do @ NLO weak @ NNLO QCD + NLO EW | — PDF fits (gluon at high x)
— Qg
CMS http://arxiv.org/abs/1212.6660
3j do @ NLO QCD do Obs.: R3/2 or similar
@ NNLO QCD + NLO EW | — a, at high scales
dom. uncertainty: scales
CMS http://arxiv.org/abs/1304.7498
v +] do @ NLO QCD do @ NNLO QCD gluon PDF
do @ NLO EW +NLO EW v + b for bottom PDF

Table 2: Wishlist part 2 — jets and heay quarks




Top pair production

® Top production is important both as
a possible venue for new physics as
well as for more mundane purposes
such as the determination of the
gluon PDF at high x

® Currently, the dilepton final state is
known to an experimental
uncertainty of 5% and the
uncertainty for the leptons+ijets final
state should be of the same order in
Run 2

+ a sizeable portion of that error is
due to the luminosity
uncertainty

® Currently know total top cross
section to NNLO QCD and NLO EW

¢ 4% uncertainties

ATLAS+CMS Preliminary o summary, \s=7TeV TOPLHCWG

"""" NNLO4NNLL [top++ 2.0), PDF4LHC, m= 1725 GeV

- scale uncerfainty

scale @ POF @ o uncertairty

ATLAS, |+jets

ATLAS, dilepton (*)

ATLAS, all jets (*) F
ATLAS combined
CMS, I+ets (%)
CMS, dilepton (%)
CMS, 7, i+ (%)

CMS, all jets (*)
CMS combined

LHC combined (Sep 2012)

July 2014

stat uncertainty

{otal uncertainty

n":!(:hl):t(:y:ﬂ:t(luni]

179+4+9+ 7pb
+ +8
17316 ‘;pb

1 167+ 181 78t Bpb

177+3°5+7pb

18413+ 12+ 7pb
170+4+ 16+ 8pb
140+ 24426+ 0 pb
136+ 20+ 40+ B pb
166+ 2+ 11+ 8pb
173+ 2+ 8t 6pb

L
L
L
L
Lg=08-1.1
L
L
L
L
L

ATLAS, l+jets, b—=Xpv
ATLAS, dilepton e p, b-tag
ATLAS, dilepton e p, Ni.u'ET

ATLAS, 1, _+
ATLAS, 1, _+jets
ATLAS, all jets
CMS, I+ets
CMS, dilepton
CMS, 1, i+
CMS, 1, +Hels
CMS, all jets

————]

16542+ 17+3pb

182.9+ 3.1+ 4.2+ 36pb L -aslb
181.2+28°3/+33pb L -aslb

1861131201+ 7pb

1 194+ 18+ 46 pb

168+ 12 5+ 7pb
15842+ 10+ 4 pb
162+2+ 5+ 4pb
143+ 14+ 22+3pb
152+ 12+ 32+ 3 pb
130+ 10+ 26+ 3 pb

L
L
L
L
Lg=2222b
L
L
L
L

[*) Superseded by results shown balow the line Effect of LHC beam energy uncertainty: 3.3 pb

.NeeddiﬁerentialtOpCfOSSSGCtiOn o b b by N NS N N

to NNLO QCD (with decays) 50 100 150 200 250 300 350
including NLO EW effects % [PD]



Now to CT14 gluon distribution

® Reminder: CT10 gg luminosity LHC 8 TeV - Ratio to NNPDF2.3 NNLO - o, =0.118
forms lower bound for LHC e T T T

B NNPDF2.3 NNLO
combination, for m< 400 GeV B CTI0NNLO

1.25

+ NNPDF3.0 decreases by 2-3% § i
compared to NNPDF2.3 §
® CT14 predictions for Higgs cross §1-
sections at 8, 14 TeV will c
increase by 1-1.5%, thus further §°'95 PSRRI

reducing the size of the envelope
(assuming MTXX14 doesn’t move
much)

+ parameterization, new data

® Top cross sections will increase
by roughly 2%
CT10 CT14
7 TeV 172.5pb 176.1 pb
8 TeV 246.3 pb 251.3pb
13TeV  805.7 pb  819.6 pb 88

J. Gao top++ m,,,=173.3 GeV ' 0%\, (Gev) 107

LHC 13 TeV, aS(MZ):0.118 - Ratio to NNPDF2.3

“< NNPDF2.3
1455 = NNPDF3.0

—
—

—

Gluon - Gluon Luminosity
—
(@]
(8}

o
©
%)




Theory / Data

1_8:| I TT I T 17T | 1T T T T 17T | T 17T | T 17T | T T1 |:
1 7t ATLAS Data E
E ® CT10NLO -
1.6 J‘ Ldt = 4.6 fb1 B MSTW2008NLO
: A NNPDF 2.3 :
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1.3F ﬁ, 3
1.2F -
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. - ‘AQ i g
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Mass and rapidity distributions

® gg channel is dominant; differential predictions at NNLO will help constrain
high x gluon distribution

® Note that tT differential distributions prefer weaker high x gluon than does
the jet data

+ impact of NNLO corrections (and of EW)

P! [GeV]

Theory / Data
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Mass and rapidity distributions

® gg channel is dominant; differential predictions at NNLO will help constrain
high x gluon distribution

® Note that tT differential distributions prefer weaker high x gluon than does
the jet data

+ impact of NNLO corrections (and of EW); however both known only at

NLO
E _I T T T | T T T T T T T T | T T T | T T T T | T T T I_
S 1 ATLAS ([;'?'t1aONLO ]
- i ® ] )
> 1 3L J Ldt=46fb"' ™ MSTW2008NLO | some potential shape
8 T 4 NNPDF 2.3 information here: would
= " \s=7TeV ¢ HERAPDF15 { _ _ "
1.2F 1 like finer differential
5 1 distributions (more data?)
1.1 + h
1_‘ """""" K"""""""""".""‘ """"""""""" * """" ]
Y t ]
0.9 -
08:| L1 NI B NI R
0.0 0.5 1.0 2.5

11



Top differential distributions

® So again, CT14NNLO a few percent higher than CT10NNLO for
differential distributions

® NB: DiffTop in general gives a result 2-3% higher than NNLO

m;=173 GeV, LHC 7 TeV, CT14 NNLO candidate

I T I !

1.21 DiffTop approx NNLO
< 1.0f blue solid = CT14 _
> i _
8 red solid = CT1ONNLO PDF err. 1
g 0.8f dotdashed = CT1ONNLO (center)
_~ 0.6f
o
°
5 0.4f
©
0.2r
00F o
0 100 200 300
ptT[GeV] M. Guzzi

12



e CMS data/DiffTop

normalized cross
sections

again not much shape
change from CT10 to
CT14

normalization taken out
in this comparison

data/th(CT10NNLO)

data/th(CT10NNLO)

0.90f
0.85}

08—————
0 100

1.20¢

—
—
(2]
T

"
.
(=]

1.05
1.00
0.95
0.90
0.85

080———m———
0 100

CMS 5fb~" 7TeV EPJC(2013)

sl

LHC 7 TeV, m=173 GeV, CT14

T Ll T T

[0 CT10NNLO PDF 68% CL
@ unc. 0.116-0.120
CT14 central

200 300
pr(GeV]

400

LHC 7 TeV, m=173 GeV, CT14

o ATLAS data/DiffTop

ATLAS 4.6fb™" 7TeV 1407.0371[hep—ex]

Ll

[ CT10NNLO PDF 68% CL
@ unc. 0.116-0.120
CT14 central

200
prlGeV]

300 400
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Next steps

Finalize parameterization form

Generate error PDF sets

...and not necessarily for CT14 (depending on timing)
add 2011 7 TeV ATLAS jet data

add 2011 7 TeV CMS jet data (after revision of errors)

+ hopefully 8 TeV analysis will have public errors
soon after

add 2011 CMS Drell-Yan data
add HERAZ2 combined data once it comes out

use differential top data from ATLAS and CMS once
NNLO differential top calculations available

14



xf(x.0%)

Photon PDFs

® Photon PDFs: photon PDFs can be larger than antiquark distributions at
high x; the LHC is a yy collider; even more true of a 100 TeV collider

® CT14 release will include photon PDFs for first time

® fitting to photon production in DIS
® See talk of C. Schmidt at DIS2014

Y momentum fraction:

py(Q) )/(X,QO) =0 y(x,QO)CM
0 =32GeV 0.05% 0.34%
Q =85GeV 0.22% 0.51%

xf(x.0%)

allow for non-perturbative
component of photon

at Q,

1073 102 107! 10°

15



Meta-PDFs:arXiv:1401.0013

Take NNLO PDFs

CT10 1.3 0.118 Hessian 50
MSTW’08 1.0 0.1171 Hessian 40
NNPDEF2.3 1.414 0.118 MC 100

Choose a meta-parametrisaton of PDFs at initial scale of 8 GeV
(away from thresholds) for 9 PDF flavors (66 parameters in total)

f(z,Qo:{a}) = e 22 (1 — x)*® e2uiza i [Ti—i"(y(‘l’))_l]

Generate MC replicas for all 3 groups and merge with equal
weights, finding meta parameters for each of the replicas by fitting
PDFs in x ranges probed at LHC

Construct 50 eigenvectors using Hessian method

These 50 eigenvectors provide a very good representation of the
PDF uncertainties for all of the 3 PDF error families above

J. Gao, P. Nadolsky 16



meta-PDFs

® [he meta-PDFs

provide both an
average of the
chosen PDFs, as well
as a good estimation
of the total PDF
uncertainty

meta-PDF uncertainty band

T
€09
(@)

MSTW2008
NNPDF2.3

NNLO PDFs vs. META (90%)

_——— HERAPDF15
g - — - ABM11
0.7...I N oo a1l 1 o0 a1l 1 PR T | N 4
107* 1073 1072 107" 1
X
1.3

CT10
MSTW2008
"""" NNPDF2.3
— ==~ HERAPDF15
ABM11

[ |

NNLO PDFs vs. META (90%)

107 1073

1072

X

107"

I1
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Higgs observables

® Select global set of Higgs cross sections at 8
and 14 TeV (46 observables in total; more can
be easily added if there is motivation)

production channel

o(inc.)

o(lyu| > 1)

o(pr,H > mmu)

gg— H
bb — H
VBF
HZ
HW=
HW+
HW~
H + 1jet
Htt
HH

iHixs1.3 [32] at NNLO
iHixs at NNLO
VBFNLO2.6 [34] at NLO
VHNNLOL1.2 [35] at NNLO
VHNNLO at NNLO
CompHEP at LO
CompHEP at LO
MCFM at LO
MCFM at LO
Hpair [37] at NLO

MCFM6.3 [33] at LO

same

CompHEP4.5 [36] at LO
same
same

same

CompHEP at LO

same

CompHEP at LO
same
same

same

CompHEP at LO

18



Data set diagonalization (arXiv:0904.2424)

® There are 50 eigenvectors, but can re-diagonalize the Hessian
matrix to pick out directions important for the Higgs observables
listed on previous page; with rotation of basis, 50 eigenvectors

become 6

19.2f
19.0

18.6
18.4
18.2¢

O ggH, 8 Tev [PD]

Before rediagonalization

18.8 ;H')'H'PH;'H%}H{{}HH}"*HF"*}'{;

0

10 20 30 40

50

2 19.0f

— 19.2]
o]

188
[+0]

s
1

After rediagonalization

x o L

§ 18.6"
S 18.4f
18.2k

0

It’s possible to define a few eigenvectors which completely

10 20 30 40

Eigenvector No.

50

Eigenvector No.

_ 400y Before rediagonalization
£ 395} :
3
> aoolfilsfetalisesfeis I e
w
< 385} :
380 ‘ ‘ . . .
0 10 20 30 40 50
400¢
_ After rediagonalization
] £ 395t
3
o 390{1"
| g 385}
380 . . . . .
0 10 20 30 40 50

J. Gao,
J. Huston

P. Nadolsky
(in progress)

encompass the PDF and o, uncertainties for CT10, MSTWO08 and
NNPDF2.3 for Higgs production for 8-14 TeV

19



Re-diagonalized eigenvectors

. 1-10: | MEITAIFI’DFlunc'. (('SE;‘%) vs'. Hi'gg's 'slets
® Eigenvectors 1-3 cover 2 sl 085, GV
the gluon uncertainty 5
. N oo T
® Note that eigenvector 1 g O e
. g [ PDF unc. (68%) N
saturates the uncertainty S 095 |77 Hossni N
for most of the gg->Higgs R N
range 107 1073 1072 107"
® |n fact eigenvector 1 X
covers much ofthe range 110 e e o] T
for tT production, 2 el g5 ey / g
. o - . S
especially at 13 TeV 5 Al
N ESiEETrozsrazoes a==-o--=n0=-:-!—:-:§£-I:::::'E<:, i
« although would want e SN
: £ PDF unc. (68%) "\
to include 2 and 3 to S 095[ |7 HosEo e
et best accurac ) s Hioge Eg-© 3
g y 0.90 T —

107 1073 1072 107"

X 20



Re-diagonalized eigenvectors

10— 7 7
. . : META PDF unc. (68%) vs. Higgs sets
® Up quark uncertaintiesa o | 085 GV
: g S 1.05[ T
bit more distributed 2
0]
N 1.00E
© I
§ I PDF unc. (68%)
o - — =— = Higgs Eig. 1
2> 0950 1T Higgs Eig. 2
A i Higgs Eig. 3
107 1073 1072 107" 1
X
110—————— 7 T
. META PDF unc. (68%) vs. Higgs sets
x i Q=85.GeV
S 1.05] ©
©
Q) o T T T D TS T ;-.-J";;
N 100 = roneoosori DR s e BRSO I TR IR
©
g L PDF unc. (68%)
o — =— = HiggsEig. 4
R S e
N i Higgs Eig. 6
0.90 '

1074 1073 1072 107"

X 21



110y
_ Normalized to central prediction
1.05F _G!uon fusion at LHC 8 TeV
T [
> [
% 1.00f
-O =
0.951 " Full set
- 6 eig.
- MCFM 6.0, NLO
00 05 10 15 20 25 30
1_10_ ............................. :
Normalized to central prediction '
i A
1.05F VBF at LHC 8 TeV /_/' ]
T [ _,./
> [ ]
%’ 1.00¢ _
o Z — ]
0.95¢ == == Full set N
- 6 eig. N
- MCFM 6.0, NLO ]
o9Q0——————
o0 05 10 15 20 25 3.0

Some comparisons

1 1 O R e L B
_ Normalized to central prediction :
1 _05:_ Gluon fusion at LHC 14 TeV P
I [ — /’ i
3 ool N
1.00
5 : _ :
-O o - \~ L
0.951 —= —=  Full set A i
- 6 eig.
- MCFM 6.0, NLO
0-90 IR T T T | U TR TR T [N NN SN SN SN NN S SU S 1 | I T T T T | 1
00 05 10 15 20 25 30
1.10¢ ; ' ' ' ]
_ Normalized to central prediction :
1.05} VBF at LHC 14 TeV
T ==
% [
E 1.00: ]
© : =3
0.951 —- —- Full set
- 6 eig.
- MCFM 6.0, NLO
090
00 05 10 15 20 25 3.«
YH 22



Try other distributions

® ook at rapidity distribution for production of a 1 TeV
mass state through gg fusion

® This was not an input to the re-diagonalization, but still
works fairly well

1.10 e _
Normalized to central prediction 3 -
. GluonfusionatLHC 13 Tey V=1 TeV
1.05} =
I —em— e — — = = = - ——;___{/
> I ]
g 1.00} _
S [ mr—— = |
! g
0-95_' —- —- Full set i
! 6 eig.
- MCFM 6.0, NLO _
09QL i
8.0 05 10 15 20 25 30
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Look at 100 TeV

® Again, these cross sections were not used in the re-diagonalization

1.10

1.05¢

----------------------------

Normalized to central prediction
H+jet at LHC 100 TeV

1.00

do/dpr 4

0.95}

- Full set
6 eig.

MCFM 6.0, NLO

0-985~"706 750 500 250 300 35

pr H(GeV)

1.10
. Normalized to central prediction
. VBF at LHC 100 TeV
1.05} : °
I e e s e o e ]
> [ ]
go T — ]
0-95_‘ —- —-  Full set ]
i 6 eig. |
- MCFM 6.0, NLO 1
oL o o v o . ]
8.0 05 10 15 20 25 3.0
YH
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Other cross sections

® Cross sections at8 and 13
TeV

process

UCBTL .

O Full

6Diag.

Qg
90.116

]
90.120

g9 — H [pb]

18.77
43.12

+0.48
—0.46
+1.13
—1.07

+0.48
—0.44
+1.13
—1.04

18.11
41.68

19.46
44.61

VBF |[fb]

302.5
878.2

+7.8

—6.7
+19.7
—17.9

+7.6

—6.7
+19.2
—17.3

303.1
877.3

301.4
878.4

HZ [fb]

396.3
814.3

+8.4

—-7.3
+14.8
—13.2

+8.1

—7.4
+13.8
—13.0

393.0
806.5

399.7
823.3

HW#= [fb]

703.0
1381

+14.4

—14.4
+28
—22

+14.3

—14.1
+26
—22

697.4
1368

708.9
1398

HH [fb]

7.81
27.35

+0.33
—0.30
+0.78
—0.72

+0.33
—0.30
+0.78
—0.68

7.50
26.48

8.10
28.22

v

® Bottom 8 processes not used
in re-diagonalization, but have
agreement for central
prediction (by construction)
and for PDF errors

® Looking at differential
distributions

tt [pb]

248.4
816.9

+9.1

+21.4
—19.6

+9.2

+21.4
—18.4

237.1
785.5

259.5
848.1

Z/y*(IT17) [nb]

1.129
1.925

+0.025
—0.023
+0.043
—0.041

+0.024
—0.023
+0.040
—0.037

1.113
1.897

1.147
1.959

W*(*v) [nb]

7.13
11.64

+0.14
—0.14
+0.24
—0.23

+0.14
—0.13
+0.22
—0.21

7.03
11.46

7.25
11.84

W= (I"v) nb]

4.99
8.59

+0.12
—0.12
+0.21
—0.20

+0.12
—0.11
+0.19
—0.18

4.92
8.46

5.08
8.74

WH+W ™ [pb]

4.14
7.54

+0.08
—0.08
+0.15
—0.14

+0.08
—0.07
+0.14
—0.12

4.04
7.39

4.20
7.57

ZZ [pb)

0.703
1.261

+0.016
—0.014
+0.026
—0.024

+0.015
—0.014
+0.024
—0.022

0.695
1.256

0.713
1.277

W*Z [pb]

1.045
1.871

+0.019
—0.018
+0.033
—0.031

+0.019
—0.017
+0.029
—0.027

1.039
1.850

1.068
1.898

W~ Z [pb]

0.788
1.522

+0.020
—0.019
+0.034
—0.032

+0.019
—0.018
+0.033
—0.031

0.780
1.509

0.795
1.549
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META PDFs and top cross sections
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FIG. 8 NNLO+NNLL predictions for the inclusive rate of top quark pair production at the Tevatron and LHC 7, 8 TeV from
all the error sets of the META PDFs. Each error bar corresponds to the two error sets of one eigenvector direction. The
horizontal line represents the central predictions.
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FIG. 12: Reduction of the relative PDF uncertainty of gluon at ) = 85 GeV after including the top quark measurements under
different reweighting schemes. Only experimental errors are considered in the y? function of the top quark data.
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tolerances and are

intended to mimic global fits
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“IG. 11: Comparison of the gluon PDF at Q = 85 GeV before and after including the top quark measurements under different

eweighting schemes. Only experimental errors are considered in the y? function of the top quark data.
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® Treat o input as another eigenvector; a, and PDF uncertainties can be
added in quadrature (a(m;)=0.118+/0.0012)

® So 7 eigenvectors to represent all PDF+o, uncertainty

LHC Aas(Mz)|GGH inc.|GGH 05 exc.|GGH 15 exc.| GGH 2j inc.| VBF inc.
0 07
LHC 8 TeV +1o 2.2% 1.6% 3.0% 4.8% -0.23%
—1lo -2.2% -1.6% -2.8% -4.8% 0.11%
LHC 14 TeV +1o 2.1% 1.4% 2.6% 4.5% 0.05%
—1lo -2.0% -1.4% -2.5% -4.4% -0.09%

% using PDF as series of the META PDFs

Although these were intended to describe full PDF uncertainty only of Higgs cross
sections, they also do a reasonable job of describing the full PDF uncertainty of

a great many processes at the LHC; so it may be possible to make them more
‘universal’ by adding a few more eigenvectors

In any case, the next PDF4LHC recommendation for PDF uncertainties will be in

the framework of META PDFs 28



Finally, tT asymmetry

It would have been nice to have had a BSM explanation, but ...
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