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Q*(GeV?)

Global PDF fits

Kinematic coverage
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ABM PDF fit framework

QCD evolution

massless NNLO, massive NLO OMEs
(OPENQCDRAD)

3-flavour PDFs

DIS inclusive

NNLO
(OPENQCDRAD)

Power corr.
(TMC+high-twist)

DIS heavy quark

NNLO(approx.)
(OPENQCDRAD)

5-flavour PDFs

Drell-Yan (W,Z,y)

NNLO
(FEWZ-grids)

t-quark

(Hathor, fasttop)




Data used and fit quality

Experiment Process Reference NDP e
DIS
HERA I+ 11 etp — etX [4] 1168 1510
etp — (;)X
BCDMS utp —utX [61] 351 411
NMC u'p—-utX [60] 245 343
SLAC-49a e p—e X [54,62] 38 59
SLAC-49b e p—oe X [54,62] 154 171
SLAC-87 e p—o>e X [54,62] 109 103
SLAC-89b e p—e X [56,62] 90 79
DIS heavy-quark production
HERA I+ 11 etp — etcX [63] 52 62
HI efp - eThX [E5] 12 5
ZEUS etp = eThX [16] 17 16
CCFR (;) W =5 ek [64] 89 62
CHORUS vN = uteX [18] 6 7.6
NOMAD vN — utcX [17] 48 59
NuTeV (;) N = pteX [64] 89 49
DY
FNAL-605 pCu = putu~X [68] 119 165
FNAL-866 pp = puu X [69] 39 53
pD = ptu X
Top-quark production
ATLAS, CMS pp — tgX [27-32] 10 2.3
CDF&D® pp — thX [53] 2 1.1
pp — tgX
ATLAS, CMS pp — ttX [33-52] 23 13
CDEF&D® pp — ttX [53] 1 0.2




DY data in the il
ta in the ABMP16 fit
Experiment ATLAS CMS D@ LHCb
V5 (TeV) 7 13 7 8 1.96 7 8
Final states W — Ity Wttty | Wrouty | Wrouty | Wrouty | Wroety | Wity | Zoete W+ - uty
W —1lv W =lyv | W ouv | Wouy | Wouv | W osev | W osuvy W™ - uv
Z-1IT Z->1r (asym) (asym) (asym) Z—-utu Z—-utu
Cut on the lepton Py | P}, > 20 GeV | P4 > 25 GeV | P > 25 GeV | P > 25 GeV | P > 25 GeV | P4 > 25 GeV | P > 20 GeV | P4 > 20 GeV | P > 20 GeV
Luminosity (1/fb) 0.035 0.081 4.7 18.8 73 L | 2 2.9
NDP 30 6 11 22 10 13 31(33) ¢ 17 32(34)
ABMP16 31.0 9.2 224 16.5 17.6 19.0 45.1(54.4) 21.4 40.0(59.2)
ClJ1s - - - - 20 29 - - -
CT14 42 - 4 - - 34.7 - - -
HERAFitter - - - - 13 19 - - -
MMHT16 39¢ - - 21 21°¢ 26 (43) 29 (59
NNPDF3.1 29 - 19 - 16 35 (59) 19 47)

@ The values of NDP and y? correspond to the unfiltered samples.
» For the statistically less significant data with the cut of P/ > 35 GeV the value of y* = 12.1 was obtained.
¢ The value obtained in MMHT 14 fit.

x? after the data sets excuded

Experiment| NDP
— |ATLAS|CMS| D@ |LHCb

ATLAS | 36 [37.7| - [37.0(38.3]| 39.6 @ Good overall agreement in NNLO with
CMS 33 12661 256 | — 126.0] 235 some tension between DO and LHCb data
D@ 23 48.5| 48.1 |47.7| - | 44.2

LHCb 80 [98.2| 100.2 | 97.4|78.8 -
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Most recent DY inputs

LHCb

LHCb — 0.05 |
C E Q i m 8 TeV,2fb"' (1511.08039)
- LAY E W o> v E i e 7TeV,1fb" (1505.07024) il
— P>20 GeV — P>20 GeV =003 | <
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C I b ; 0.02 |
C : - . ABMPI15 i S :
= * 8 Tev,2fb" (1511.08039) o 003 [ ISSSSSSY amwris
- = 7 Tev, 1fb" (1505.07024) - T F o —e—— — ABMI2
= o e L present analysis
n 11 I 1111 I 1111 I 1111 l 1111 I 1111 I 1111 I 1111 I 1111 I 1111 n 11 I 1111 I 1111 l L1l I 1111 I 1111 I 1111 I 1111 I 1111 I 1111 B

-0.05 IR o [ O ) (ST O T | | S T o 0 0 L 5 o ] [ L8 LR
205, 25 295 3 32635 376 4 425 pob D5 205 3805 S5 87 4 405 2 20§ 2§ 275 3335 35 %95 4 405 A4S
n, n, .-
CMS

0.01
o.o0s | Filtering of the LHCb data has been
e b performed:

S

- —abump at 7 Tev and Y=3.275
(not confirmed by the LHCDb data at 8 TeV)
—and excess at 8 TeV and Y=2.125

[T ‘

— s

(not confirmed by the CMS data at 8 TeV)

— =

The CMS data at 8 TeV are much smoother
than the ones at 7 TeV:
X?=17/22 versus 22/11
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Impact of the W-, Z-data

= LHC

- e Tevatron

10~

[d(x,1) - UGG /AW + u(x,u)]

0.4 [

03 [
0.2 |

0.1 |

-0.1

-0.2

[ ABMP16, no W,Z-data
ABMP16, no W-data
=~ ABMPI6, no Z-data

-0.3
3
10

Negative small-x sea isospin asymmetry

In the forward region x, >> x,
o(W*) ~ u(x,) dbar (x)
o(W) ~ d(x,) ubar(x )
0(Z) ~ Q,’u(x,) ubar (x )+ Q_*d(x,) dbar(x )
o(DIS) ~ g *u(x,) + g *d(x,)
Forward W&Z production probes small/large

X and is complementary to the DIS =
good quark disentangling

u=3 GeV, N;=3

1.2

0.8 |

0.6 |

[ ABMPI16, no W,Z-data
] ABMP16, no W-data
0.2 "] ABMP16, no Z-data

[S(X )+ S0 /[u(x,u)+ d(x,0)]

0.4 |

0’_ L ;nwx\:nl- L ||w‘w||\-
107 10 10"

X

No small-x strange sea suppression



CJ15

DIS only
B + BONuS

B + { asym (& Z rap)

 + WV oasvm

002 |

004 |

-0.06

008 L

0.3 04 05

i g b g 0
Accardi, Brady, Melnitchouk, Owens, Sato PRD 93, 114017 (2016)

0.9

-1
D0 (1.96 TeV, 9.7 fb™)
- === ABMPI5
W > ey l
i Pe>25 GeV l
- P¥>25GeV
| EE TS SN = R s SR SRS IS S s 1S s
0.5 1 1.5 2 2.5

W-asymmetry data go lower tfiat

predictions based on the e-asymmetry:

data selection is important

d/u at large x

CJ1S shape, u1=3 GeV

=
& 0.8 | [T W-asymmetry (D0), LO
\ E=""" W-asymmetry (D0), NLO
g E——""1] e-asymmetry (D0), NLO
0.6
0.4

0.2

01 02 03 04 05 06 07 08 09
@ Account of the NNLO corrections moves
large-x d/u downwards

@ e-asymmetry data prefer lower d/u

® d/u consistentwithQatx - 1
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(do/di, ,)/NNLO QCD (FEWZ 3.1) -
o

-0.15

Recent W and Z 7-TeV ATLAS data

ATLAS (7 TeV, 4.6 fb ™) 1612.03016

Data are well accommodated in general; forward Z-boson data have particular trend,

however, ¥ is also not bad due to large errors, 68/61 for the whole sample

) ) g - d)
- ——— ABMPI16 - - -
- - - - ABMP16upd i i
- b Ak iaiil { ﬂH =
E - - Z->1T -zl
W' > Ty W > Ty - P1>20 GeV - P1>20 GeV
- P1>20GeV - P1>20GeV - 66 <M, /GeV<116 - 66 <M, /GeV<116
P}>25 GeV P}>25 GeV I, l<2.5 Iny,1<2.5
M, >40 GeV M, >40 GeV In,1<2.5 2.5 <In,I<4.9
s \ \ | ! . . ! \ . \ . | . . s | ! . .
0 2 0 0 2 1 2.25 3.5
In,l In,! In,l In,/



Impact of ATLAS data on strangeness

u=3 GeV, N.=3

K (W*=20 GeV?)

HERA+ATLAS 0.81(18) ABMP16
25 F
HERA+ATLAS+E866 0.72(8) [ ATLAS(2016)
ABMP16(incl. NOMAD) 0.66(3) 2 | SS"1]  ATLAS(2016)+E866

K_Is integral strange sea suppression factor:

[SOGL)+ S, ]/ U+ d(x,u)]

1
f.t| s, ™)+ Fo, g7 ) el x
2 0

Kolp™) = | : b
f.l’lﬂ_![.l'.,uz}+{I[.T.,LIEH£!.T 0 SN SetenE S LR
0 10° 10° 10
sa, Bliimlein, Moch PLB 777, 134 (2018)

@ ATLAS data provide a constraint on small-x sea quarks; at at moderate x additional constraint
Is needed, comes form fixed-target DY (FNAL-E866)

@ The E866 data are consistent with the ATLAS(2016) central data: x*/NDP=48/39 and 40/34,
respectively

@ The strangeness is in a broad agreement with the one extracted from the dimuon data 10
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(do/dim,)/NNLO QCD (FEWZ 3.1
=
o

-0.05

-0.075

Non-resonant DY 7-TeV ATLAS data

EIERS ABMP16
i - — — — ABMP16upd
R Bt vy --> 1T
L Z->1T

P%>20 GeV
- 46 <M,/GeV<66

In,1<2.5
i I ! 1 | L ! ! ! |

1 2

Iny,l

0.125

0.1

0.075

0.05

0.025

-0.025

-0.05

_1-0.075

b)

ATLAS (7 TeV, 4.6 fb™) 1612.03016

E Z—11

P1>20 GeV
116 <M, /GeV<150
In,I<2.5

|

|

1

- _Complementary c_onstraint_on PDFs -
improved quark disentangling o, ~ quzu(xz) ubar (x )+ qdzd(xz) dbar(x,)

0.~ d,u(x,) +q,d(x,)

2

Inyl

0.5

0.4

0.3

0.2

0.1

-0

-0.1

-0.2

-0.3

-0.4

-0.5

)

Z

e 1

P1>20 GeV

116 <M, /GeV<150
In,,1<2.5

2.5 <In,1<4.9

. . | . .

2 3
Inlll

@ Additional photon-photon contribution (in LO) improves agreement —
photon distribution can be extracted from the data

11



Photon PDF fitted to the DY data

u=3 GeV

ATLAS7 + ATLASS (high-mass) + CMS7
LUXqed

XY(X,10)

10

10

10

Data set X?INDP
ATLAS7 - 1612.03016 68/61
ATLASS (high-mass) — 58/48
1606.01736
CMS7 - 1310.7291 192/32

The (quasi)-elastic contribution is not considered — conceptual difference with LUXqged

XY(X,W)

10

10

-3
10

u=100 GeV

Quite different evolution input for the
available photon distributions. Reduces
at large scales, however still sensitive
to the quark distributions

(cf. PDF4LHC issue in LUXged)

Manohar, Nason, Salam, Zanderighi hep-ph/1708.01256
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Recent progress in FFN scheme Wilson coefficients

0.8
0.7

0.6
0.5

0.4

0.3

0.2

0.1
0.09
0.08
0.07

0.06
0.05

F, "™ (ABM12)
running mass m (m,) = 1.27 GeV

£=10

u (GeV)

0.5

0

-0.5

Update with the pure singlet massive OMEs — improved theoretical uncertainties

sa, Moch, Bliimlein PRD 96, 014011 (2017)

1 IIIIIIII rrrrrm | L IIIIIII 1 IIIIIII LI Illlll

F a0 = :
- XaQq,rg() -
C (* 1/2000) g E
— exact —
N — — — arXiv:1205.5727 ’
E :
/I 1 IIlIlII 11 IIlIlII L1 IlIIlII 11 IlIIlII L1yl

-5 -4 -3 -2 -1
10 10 10 10 10 1
X

1 IIIIIIII 1 IIIIIIII rrrrrrm rrrrrrm 1 Illllll
xa®P(x) 3

Q9 e I D ]

(* 1/2000) LA =
x'l e s E

v . s =

N g 3

e Ve m

e / -

* / .

e L, esees approx. 3

./ ° V2 -]

/." v 3

. 7 — — - arXiv:1205.5727 3

..l 1 IIIIPII/ 11 IIlIIII 11 IIlIIIl 11 IIlIIIl 11 IIlII-

-5 -4 -3 -2 -1
10 10 10 10 10 1
X
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data/fit-1

HERA charm data and m

HERA I+II (ep --> e charm X)

gt

a + - - + :_ %T;*
FE : t =
: Q’=2.5GeV* | Q’=5 GeV* - Q%=7 GeV?
||||uu| ||||u1|] ||||u1|] L1t _||||||u| ||||u1|] ||||u1|] Litn _|||||m| ||||uu| |||||,u|] L1
: Hy = -+ = }iz $
i ; LEE 1} - 3
= Q*=12GeV [ Q=18 GeV? L Q*=32GeV? |
||||u,||| ||||u||] ||||u,||] L _||||uu| ||||u,ul ||||u,ul L1 _|||||u,|| |||||,uj] |||||,u|] L
R ! 3 ¢
E Pty T X .
E Q%= 60 GeV? - Q=120 GeV}Z { - Q=200 GeV®
||||u,||| ||||uul |||||,|,u] LI |||||_|u| ||||u,u] |||||,|,u] Liin _|||||u,|| ||||u,u| |||||,|_||I L
g T i
E Q2=350 GeV> E Q%=650 GeV> E 0%=2000 GeV? J
'_||||u,||| ||||u||] ||||u,u] L1 -_||||u|,|| ||||uul ||||u,ul LI —_|||||u,|| IIII|,|,|,|,I |||||,u|l L
10*% 107 102 10% 10° 102 10% 10° 1072
X X X

H1, ZEUS EPJC 78, 473 (2018)

Theory: FFN scheme, running mass
definition

m_(m )=1.250+0.019(exp.) GeV
ABMP16upd

m _(m )=1.252+0.018(exp.) GeV

ABMP16
m (pole)~1.9 GeV (NNLO)

Marquard et al. PRL 114, 142002 (2015)

m (m )=1.246+0.023 (h.0.) GeV NNLO

Kiyo, Mishima, Sumino PLB 752, 122 (2016)

m _(m )=1.279+0.008 GeV

Kiihn, LoopsLegs2018

Good consistency with the earlier results
and other determinations - further
confirmation of the FFN scheme
relevance for the HERA kinematics

14



Higher twists in DIS: generalities

Operator product expansion: 10 ¢
v HERA
e BCDMS

A . 4
o NMC ST

Q* (GeVH)

F2,T:F2,T(Ieading twist) + HZ’T(x)/Q2 + ... — additive 0l

. SLAC vy vyy
@® The only one in accordance with QCD ety = e e
103 —— Q=0Gev: i Piiiiiid
multiplicative B R AR

® For multiplicative form the LT anomalous E Bl
dimensions strongly affect the HT terms at small x : ATV

o

YYWYWYWYWY WYYYY WY YV )

10 YYVVYYWWYWY WY WY VYV Y 00 @

o YWWYVYYWYYW YW WY W VY V¥ vO®O

= I W WWWYYWYY Y Y Y vV v 00'00&2
o x =0.35 L (<] o

e I vww VY vy Yy Y vy vy oc®0 @ 0

X i wWYWYYW Y Y OV VY vV v Yo % %0 O

e YV Xyo ¥ | V VvV vV VIV YV Vs aVaiaia,

-4
10

> Hydrogen Deuterium
107~

& SLAC A SLAC

O BCDMS O BCDMS

i AR e e VS ety g et b
2 2
1 10 10 ) 10 10
Q* (GeV/c) Q* (Gev/c)?

Virchaux, Milsztajn PLB 274, 221 (1992)
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High twists at small x

F,.=F,.(leading twist) + H, ()/Q*>  H(X)=x"P(x)

HE (GeV?)

0.1 |

0.3 |

0.4 |

= L AN N Ol | L A S R (O T A | L S I | L R N N |
10° 10° 10~ 10~ x

@ H_(x) continues a trend observed at larger x
H,(x) is comparable to O at small x
@ h.=0.05£0.07 — slow vanishingatx —~ 0

@ Alternative explanations are considered: resummation,
saturation, data defects, etc.




S
o e
EN % —
-

S
'S

coefficient of correlation with o
liib bt S RS T
o® [-,) N (%] [—) (%]

1
(=

Correlation of O with twist-4 terms

e The value of a  and twist-4 terms are strongly
H,(x) Correlated both at large and at small x

@ With HT=0 the errors are reduced —» no
uncertainty due to HTs

« With account of the HT terms the value of o IS
stable with respect to the cuts

MRST: a (M )=0.1153(20) (NNLO)

L L L L L 1hekl B ey
0.1 0.2 0.3 04 0.5 0.6

i (W?3>15 GeV?, Q* 10 GeV?)
fit ansatz ag(Mz)
higher twist modeling cuts on DIS data NLO NNLO
higher twist fitted 0?>2.5GeV?, W> 1.8 GeV 0.1191(11) 0.1147(8)
0 > 10 GeV?, W? > 12.5 GeV? 0.1212(9) 0.1153(8)
higher twist fixedat 0 | Q% > 15 GeV?, W2 > 12.5GeV?|  0.1201(11) 0.1141(10)
0> >25GeV?, W2 >12.5GeV?|  0.1208(13) 0.1138(11)

A stringent cut on Q is necessary for the fit with HT=0

17



Small-x PDF with stringent cut on Q,W

u=3 GeV, N,=3

=N A
=
%‘5 20 | "] ABMi6upd
>< =
] ABMPI6

175 @ Gluon goes higher due to more
S stringent cut on Q? (impact of the power
corrections, resummations, etc. is reduced)

@ Updated charm/beauty data are consistent
with such an enhancement

u=3 GeVv, NF=3
2.5 7
2.25 : F——""] ABMi6upd ]
R @ Strange sea suppressoin factor goes

[\%)

lower at small x, consistent with 1 within errors

@ At moderate x the strange sea is still suppressed,
although integral suppression factor
K (20 GeV?)=0.71(3), a little larger than 0.66(3)

for ABMP16 fit due to recent ATLAS data included

[SCGL)+ S(X) /U + d(X,11)]

k.

10 10 10 107!
18



Impact of t-quark data

o(ttX)

ATLAS, dilepton + b-jet(s) ® .
[PLB 761, 136 (2016)] *

CMS, dilepton + b-jet(s) i
[EPJC 77, 172 (2017)] @-

CMS, dilepton + jets )
[arXiv:1812.10505] .

CMS, lepton + jets £
[JHEP 1709, 051 (2017)] @

CMS, all-jets s Ll
[CMS-PAS-TOP-16-013] .' A LHCs=7 TeV
ATLAS, dilepton + b-jet(s)

[EPJC 74, 3109 (2014)]

CMS, dilepton + jets

[JHEP 08, 029 (2016)]

ATLAS, lepton + jets 7 =

[EPJC 78, 487 (2018)] - e LHC Vs=13 TeV
CMS, lepton + jets

[arXiv:1602.09024]

CMS, lepton + 1T --> hadrons

[PLB 739, 23 (2014)]

CMS, all-jets

[EPJC 76, 128 (2016)]

ATLAS, dilepton + b-jet(s) i P
[EPJC 74, 3109 (2014)]

ﬁ’%ﬁs{, gislgop(t)‘;n(;ojlest)s] —A— ABMP16
CMS, dilepton + jets A
& updated

O Tevatron

[JHEP 08, 029 (2016)]

ATLAS, lepton + jets :
[arXiv:1602.09024] —tA+—

ATLAS, lepton + jets, b --> uvX & d
[ATLAS-CONF-2012-131]

ATLAS, lepton + T --> hadrons E |
[PRD 92, 0702005 (2015)] A

CMS, lepton + T --> hadrons i

[PRD 85, 112007 (2012)] A g

ATLAS, jets + T --> hadrons 1 A 1
[EPJC 73, 2328 (2013)] i

CMS, jets + T--> hadrons .
[EPJC 74, 2386 (2013)] ik .

ATLAS, all-jets —A 1
[ATLAS-CONF-2012-031] . :

CMS, all-jets A !

[JTHEP 05, 065 (2013)]
CMS, epn
[JTHEP 1803, 115 (2018)]

CDF&DO0, combined O
[PRD 89, 072001 (2014)]

| i | { I | l | { IS 80 | I I [ | l [ IS [T | I = i) | | SO [ | l Il | [ Sy R | I { Y i

sl

-08 -06 -04 -02 -0 02 04 06 0.8

1

data/Hathor-1

@ Running t-quark mass is
determined simultaneously with PDFs

m(m)=160.9£1.1 GeV
m (pole)=170.4+1.2 GeV
m(MC)~172.5 GeV from LHC

m (pole)=170.5+0.8 GeV

CMS hep-ex/1904.05237

m (pole)=171.1+1.1 GeV

ATLAS hep-ex/1905.02302

(Hoang et al. try to quantify the
Difference between m (MC) and

other determinations)
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Impact of the t-quark data on the ABMP16 fit

MSbar
600 B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _
500 _ Gy, it [PD] at LHCB8 _
400 F =
300 [ -
200 [ -
100 [ =
O : 1 1 L L I 1 L L 1 I L L 1 1 I L L 1 1 :
140 150 160 170 180
m(m) [GeV]

600

500

400

300

200

100

0

Pole

IIIIIIIIIIIIIIII'I‘IIIIIII}'III

pb] at LHC8

cSpp — i [

IIIIIII.’ IIIIIIIIIIIIIIIIIIIII

140

HATHOR (NNLO terms are checked with TOP++)

Running mass definition provides nice perturbative stat

Agx ) (%)

20

-20

-40

40 -

W>=10 GeV’, n=4

W=M2, nz=5

~—+ [———7 t-quark data excluded

| t-quark data included

ealvverlovaplasvea Lo loen e lgapa Leagy

0.05 0.1

015 0.2 025 0.3 0.35 5

005 01 015 0.2 025 0.3 0.35

1

50 160
mpoe [GeV]

170 180

Langenfeld, Moch, Uwer PRD 80, 054009 (2009)

1.2

1.150

—_
—

—_
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Czakon et al., JHEP 1704, 044 (2017)
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t-quark: single production

2.2

~e
Gl
S
_____
.
.....

13 14

s (TeV)

o(t+t)

ATLAS, t-channel
| [JHEP 04, 086 (2017)]

| CMS, t-channel
| [hep-ex/1812.10514]

| ATLAS&CMS, t-channel o Tevatron

[hep-ex/1902.07158]
A LHC Vs=7 TeV

| ATLAS&CMS, t-channel =
[hep-ex/1902.07158] e LHC Vs=13 TeV

CDF&DO0, t-channel

[PRL 115, 152003 2015)] ABMP16
CDF&DO, s-channel ol 50 u p d ate d

| [PRL 115, 152003 (2015)]

1 o9 45 4 0F 4 0@ 04, U6 08
data/Hathor-1

@ The single-top data are sensitive to the

u/d ratio, however in general they are not

competitive with the DY constraints

@ The only window opens when the
hadronization MC is fixed and the modeling
errors cancel in the ratio -

model dependent result

@ The comparison can be also inverted in
order to discriminate hadronization models 71



Summary and outlook

@ Steady improvement in the quark PDFs’ determination due to DY LHC data
— disentangling d- and u-quark distributions at small x

— improvement in the large-x d- and u-quark distributions: impact of the
forward LHC and Tevatron data; no enhancement in d/u at large x is
observed

— somewhat enhanced strange distribution at small x, however,
the large-x enhancement reported by ATLAS seems to be an artifact
of the PDF shape used

@ The HERA inclusive and semi-inclusive data allow to distinguish between
the FFN and VFN factorization schemes in DIS. The FFN scheme provides
nice agreement with existing data and

m _(m )=1.250+0.019(exp.)-0.01(th.) GeV,

in a good agreement with other determinations.

@ t-quark data are emerging at NNLO fits with a progress of the
computational tools

m (mt)= 160.9+1.1 GeV

t

m (pole)=170.4+1.2 GeV
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DYNNLO1.4 - FEWZ3.1

NNLO tools benchmarking

A‘g DO (1.96 TeV, 9.7 fb™) 1412.2862

[ - 02
0.014 | '

P o

L Yo
0.012 |- NNLO B« 0.15

e NLO =
0.01 | =)

| 3 o
0.008 |- =

i =
0.006 |

B 0.05
0.004 |
0.002 | 0

0 -

i -0.05
0.002 |
0004 | 0.1

I\I\ll\ll‘lll ‘III | III|IIII|

Yannick Ulrich, Barchelor thesis, Univ. of Hamburg 2015

ATLAS (7 TeV, 4.6 fb™) 1612.03016

e FEWZ 3.1
® DYNNLO 1.4 9

e

L

| i] ﬂ R

P1>20 GeV
66 <M, <116 GeV
n,,1<2.5

2.5 <In,I<4.9

TR Rl

0 0.5 1 1.5 2 2.5 3 3.3

T]ll

DYNNLO-FEWZ difference not fully understood; further benchmarking is needed

Walker, this conference
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AY- NNLO QCD (ABMP16)

NNLO tools’ benchmaring

-1
ATLAS (7 TeV, 4.6 fb’ ) 1612.03016 ATLAS (8 TeV, 20.2 fb ) 1904.05631
0.006 — 001
i e - P -1 FEWZ3.1
. =3 FEWZ3. A g
0.004 | = 0.0075 [==-"3J DYNNLO 1.4
[ ——1 DYNNLO14 =
0.002 | < 0.005 |
IS a i
- A Q 0.0025 | |
-0.002 | S E P S
‘ x Z.-0.0025
-0.004 t ! ' i
L a =
g < -0.005 [
B | Pp>25 GeV 00075 |
-0.008 | P)>25 GeV o Pi>25 GeV
= =U. E \%
ool | M, >40 GeV i P1>25 GeV
R IERE R ST R 0012E L e M>4°GeV )
0 0.5 1 1.5 2 2.5 0 025 05 075 1 125 1.5 175 2 225
I, |

The bands display an integration accuracy obtained with O(month) of the wall time

@ The FEWZ predictions somewhat overshoot the data at 7 TeV, while the DYNNLO
ones go lower and are in better agreement with the measurements

@ At 8 TeV the tendency is different: The FEWZ predictions somewhat undershoot
the data and the DYNNLO ones go essentially lower

@ FEWZ predictions demonstrate better overall agreement with the data — routinely
used in the fit
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TABLEII. The list of DIS and DY data used in the current analysis with the collider data listed first. The top-quark production data are
detailed in Tables III and IV.

Beam (E),) or
center-of-mass

Kinematic cuts used in the present analysis

Experiment energy (4/s) L (1/fb) Process (cf. orginal references for notations) Ref.
DIS
HERAI+1I /5 =0.225+0.32 0.5 etp = e*X 2.5 < 0% £50000 GeV?, [4]
25%x 107 <x<0.65
TeV s (;)X 200 < Q2 5_250000 GeV?,
1.3x107 <x <040
BCDMS E, = 100 + 280 GeV utp - utx 7 < Q% <230 GeV?, 0.07 <x<0.75 [61]
NMC E, =90 +280 GeV utp > utx 2.5 < 0% <65GeV?, 0009 <x <05 [60]
SLAC-49a E, =7+20 GeV ep—oeX 25<0?<8GeV? 0.1 <x <08, [54]
W > 1.8 GeV
[62]
SLAC-49b E, =45+18 GeV e p—oe X 25<0%<20GeV?, 0.1 <x <009, [54]
W > 1.8 GeV [62]
SLAC-87 E, =8.7+20 GeV e p—oe X 2.5 < 0% <20GeV?, 03 <x <009, [54]
W > 1.8 GeV [62]
SLAC-89b E, = 6.5+19.5 GeV e p—eX 25<0*<19GeV?, 0.17 < x < 0.9, [56]
W > 1.8 GeV [62]
DIS heavy-quark production
HERA I+ 11 Vs =032 TeV etp = etcX 2.5 < 0% <2000 GeV?, [63]
2.5%x 107 <x <0.05
HI Vs =032 TeV 0.189 etp — ethX 5 < Q% <2000 GeV?, [15]
2x 107 <x <0.05
ZEUS Vs =032 TeV 0.354 etp — ethX 6.5 < 0% <600 GeV?, [16]
1.5 x10™* < x £0.035
CCFR 87 <E, <333 GeV (z_/)N e 1< Q%< 170 GeV?, 0.015 < x <0.33 [64]
CHORUS (Ep) =27 GeV vN — pteX [18]
NOMAD 6 < E, <300 GeV vN - ptcX 1 <0%<20GeV? 0.02<x<0.75 [17]
NuTeV 79 S E, <245 GeV (z_/)N ek 1 < 0% <120 GeV?, 0.015 <x <0.33 [64]
DY
ATLAS Vs =7 TeV 0.035 pp = WX — IFuX pk > 20 GeV, p% > 25 GeV, [67]
mr > 40 GeV
pp = ZX > I"I"X ph > 20 GeV, 66 < my < 116 GeV
Vs =13 TeV 0.081 pp = WEX — FuX p4 > 25 GeV, my > 50 GeV [26]
pp = ZX = I*I°X ph > 25 GeV, 66 < m; < 116 GeV
CMS Vs =17TeV 4.7 pp = WEX — ptuX Py > 25 GeV [24]
/s =8 TeV 18.8 pp = WEX — pruX Py > 25 GeV [25]
D@ Vs =196 TeV 7.3 pp = WEX — pruX pr > 25 GeV, Ep > 25 GeV [23]
9.7 pp = WX — e*uX Py > 25 GeV, Er > 25 GeV [22]
LHCb /s =17TeV 1 pp = WX = ptuX Py > 20 GeV [19]
pp = ZX - utu X P> 20 GeV, 60 < m,, <120 GeV
/s =8 TeV 2 pp—ZX - ete X pg > 20 GeV, 60 < m,, < 120 GeV [21]
2.9 pp = WEX — uuX Py > 20 GeV [20]
pp = ZX —» utu X P> 20 GeV, 60 < m,, <120 GeV
FNAL-605 E, = 800 GeV pCu - =X 7<M,, <18 GeV [68]
FNAL-866 E, = 800 GeV pp = pup X 46 <M, <129 GeV [69]
pD = pu X
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TABLE III. The data on the ##-production cross section from the LHC used in the present analysis. The errors given are combinations
of the statistical and systematic ones. An additional error of 1.4, 3.3, 4.2 and 12 pb due to the beam energy uncertainty applies to all
entries for the collision energy of /s = 5, 7, 8 and 13 TeV, respectively. The quoted values are rounded for the purpose of a compact

presentation.
Cross section (pb)
Vs (TeV) 5 8 13
Experiment CMS ATLAS CMS ATLAS CMS ATLAS CMS
Decay  dilepton + b-jet(s) 183 =6 [36] 243 £+ 8 [36] 818 £36 [37] 792 43 [38]
mode dilepton + jets 181 &= 11 [33] 174 £ 6 [34] 245 4+ 9 [34] 746 + 86 [35]
lepton + jets 162 £ 14 [39] 260 £ 24 [40] 229 £ 15 [39] 836 + 133 [41]
lepton + jets, 165 £ 38 [42]
b — uwX
lepton + 7 — hadrons 183 £+ 25 [43] 143 £ 26 [44] 257 £ 25 [51]
jets + 7 — hadrons 194 + 49 [46] 152 434 [47]
all-jets 168 + 60 [48] 139 + 28 [49] 276 4+ 39 [45] 834f11§3 [50]
eu 82 +£23 [52]

TABLE IV. The data on single-top production in association with a light quark g or b-quark from the LHC and
Tevatron used in the present analysis. The errors given are combinations of the statistical, systematic, and luminosity

ones.

Experiment ATLAS CMS CDF&D@
Vs (TeV) 7 8 13 7 8 13 1.96
Final states tq tq tq tq tq tq tq, th
Reference [27] [28] [29] [30] [31] [32] [53]
Luminosity (1/fb)  4.59 20.3 3.2 2.73 19.7 2.3 9.7x2
Cross section (pb) 68 £8 826+ 12.1 247+46 67.2+6.1 83.6+7.7 232+£309 3307032 (sum)
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Modeling NNLO massive coetficients

-

E=Q¥Im

n=s/4m?*-1

Combination of the threshold corrections (small s), high-energy limit (small x), and the
NNLO massive OMEs (large Qz) Kawamura, Lo Presti, Moch, Vogt NPB 864, 399 (2012)
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Impact of high twists on SLAC data

sa, Bliimlein, Moch PRD 86, 054009 (2012)

data/fit-1

& e opo o olo ole o olo oo 5 o o
T T | RAAL T T T

Power-like terms affect comparison even with a “safe” cut W*>12.5 GeV?

ABM11 NNLO NN21 NLO MSTW08 NNLO
i ]—I x=0.085:0.120 [ h—. - I—lﬂ
E_§1||||||| l |f_||||||| T f_|¥|||||| Ry
=0.120--0.160 : A : .
‘ﬁ”l - _W _W
e ke (8 B Ca vl - F e =R
x=0.160-0.203 - = ] !
: _PI ||i||||| E== !|||||| | _ | ||I||||| =
5_ : 3 3
3 : l}l x=0.20-0.25 3 h‘!?{ 3 hﬁir'
R %10 e v Lgiil I I IR X =

— gy x=025:03 _

5

3 x=0.3:0.4

E_ | | SO | IIII’ 3 | | ] Illt | | ;_ | 1 III| |
: x=0.4-0.5 lﬁ—}-’ E W : W

é: | | R T ] I I ;: | | i | é: | | I { |
§_ | IX_IOISIIOIT'J*_IH E_ | | IIIII| | E_ | | IIIII| M |
3 x=0.6+0.7? : 5 : ?

5. | [ |III| | | é- | L 1 IIII| | | E- | [ 1 III|| | |

10 10 10
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Checking styles of PDF shape

ABMP16 CJ15 CT10 CT14 epWZ16 MMHT14
NPDF 28 21 26 26 14 31
IJ02 (GeVZ) 9 1.69 1.69 1.69 1.9 1
X2 4065 4108 4148 4153 4336 4048
PDF shape x%(1-x)® X*(1-X)PP(x,vX)  Xx%(1-x)P x%(1-x)® XY (1-X)PP(x,VX)  x*(1-X)PP(X,VX)
exp[P(x,In(x))] exp[P(x,VX)] exp[P(x,VX)]
Constraints a=d (x-0) a =a_ a =a. a_=a =0
aU:ad:as Buv:de U:d (X - O)
u=d (x-0) o =0=0
O(S(I\/IZ) 0.1153 0.1147 0.1150 0.1160 0.1162 0.1158

e Various PDF-shape modifications provide comparable description with N, __~30

@ Some deterioration, which happens in cases is apparently due
to constraints on large(small)-x exponents

Conservative estimate of uncertainty in a (M_): 0.0007, more optimistic: 0.0003 30



m,(m,) (GeV)

my = 129.6GeV + I.Hx[ :

167 |
166
165
164
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162 |- -

161

160 |
159 |
158 |

1577\\\

Electroweak vacuum stability

pﬁl{‘

= 173.34 GeV

.9

0.112 0.113 0.114 0.115 0.116 0.117 0.118 0.119 0.12
o, (n=5,M,)

0.1
0.08
0.06
0.04
0.02

-0.02

]—{]5}«:

m}._'ﬂ

(Mz)—=0.11584

GeV £0.3 GeV,
0.0007

Buttazzo et al., JHEP 12, 089 (2013)

II II I| II II II II II I| II II || || || || T
Higgs self coupling A(u,)
m, = 125.09 + 0.24 GeV
mPo® = 170.4 £ 1.2 GeV
o (M,) = 0.1147 £ 0.0008

~ -
-
~ -~
-
---------

-
-

4 8 12 16 20

10 10 10 10 10
h, (GeV)

Mr. Kniehl, Pikelner, Veretin CPC 206, 84 (2016)

Vacuum stability is quite sensitive to the t-quark mass, stability is provided up
to Plank-mass scale using a_and m,in a consistent way.
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xz-xlznin

t-quark: single production (mass determination)

ot +1t)

ABMP15

|

— tq + tb data, PDFs fixed

tq data, PDFs fixed

O tq + tb data, PDFs fitted

| | | |

| |

150 1525 155 1575 160 1625 165 167.5

| ATLAS, t-channel
| [JHEP 04, 086 (2017)]

| CMS, t-channel
| [hep-ex/1812.10514]

| ATLAS&CMS, t-channel
| [hep-ex/1902.07158]

| ATLAS&CMS, t-channel
| [hep-ex/1902.07158]

| CDF&DO, t-channel

| [PRL 115, 152003 2015)] | ©
| CDF&DO, s-channel
| [PRL 115, 152003 (2015)] .
! o o v 1 S L (e
1 08 -06 -04 -02 -0 02 04 06 08 1

— 9=

O Tevatron

4 LHC Vs=7 TeV
v LHC Vs=8 TeV
e LHC Vs=13 TeV

data/Hathor-1

m (m,) (GeV)
sa, Moch, Thier PLB 763, 341 (2016) m(m)=161.1+ 3.8GeV (single-top only)
Channel ABMI2 [21] | ABMP15 [52]|CT14 [55] |[MMHT14 [56] NNPDF3.0 [57]
T [58.6 £(0.6 15384206 | 164706 1646206 | 1643 £0.6
r-channel I58.7 £ 3.7 I58.0£3.7 |160.1 £3.8) 160538 640 £3.8
5- & r-channel| 158.4+3.3 1577233 1539134 139634 162.4£3.5
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