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S e,

A Overview

Goals

® reproduce fitted results of G. Sieber! from CMS 8 TeV 3D dijet data
with new version of xFitter and new theory program NNLOJET

® new theory calculations at NNLO and with an alternative scale
definition (NNLOJET) for 3D dijets at 8 TeV

® simultaneous PDF and «s fits at NNLO
® inclusion of CMS 2D dijet data at 7 TeV

include HERA1+2 combined inclusive DIS datasets into all fits

Remark: It was not aimed for a new, fully flexible fit with xfitter
— No parameterisation or model uncertainties.

K. Rabbertz, J. Stark CERN, 31.05.2021 CERN Theory Workshop 4



A

(%) X7 (
A HERAPDF-like xty(x) = Au,xBv (1 — x)°% (1 + Dy x)
parametrization is used X0y (X) = Ag, x5 (1 — x)Cor
xU(x) = Ay xBo (1 — x)°0 (1 4+ Dyx)
xD(x) = Ap xBb (1 — x)°p
Here: No negative gluon term fs = 0.40

CMS: With negative gluon term

® uncolored A and B, parameters are fixed by constraints
® use HERAPDF20 NNLO parameters as start values for DIS only fit
® use DIS only fit as start for fits with jet data included

K. Rabbertz, J. Stark CERN, 31.05.2021 CERN Theory Workshop 3



AN Reproduction fits

Uncert.

Rel.

original (G. Sieber 2016) reproduction fits

4.0 HERA DIS Q2=1.9GeV?2
' ' ' ' 02=1.9 GeV?2 |
O35l BN HERA DIS L 2.5 “x2/ndf = 1.166
x , HERA DIS + CMS Dijets - —
S30 | x°/ndf = 1.163 i o
2.5 | / i} 2.0 -
2.0 | .
s | % 1.5
x
1.0+ xz/ndf = 1.158 ) ? 1.0 4 .
0.5 | . '
0.0 - | UTITEE. S
g.gt ! B j LRI 2 /ndf = 1.160
08 |
o4l \ R
10-4 10-3 10-2 10-1 10-4 10-3 10-2 10-1 100

>

X

/\ Only experimental uncertainties

v fit reproducible (yellow left vs. right)
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A\ Reproduction fits

original (G. Sieber 2016) reproduction fits

4.0 HERA DIS Q2=1.9GeV? |
N..--!-. N T LI B U I B | I I I FrrTT I I LI LI | I I I LI 2_ 2
S mEm HERA DIS Q°=19Gev 2 prae
X300 HERA DIS + CMS Dijets | 231N L=
3‘30 | x /ndf=1.163 T
2.5} / ] 2.0
2.0 F l
1.5 S 15
X
1.0 ¢ x2/ndf = 1.158 R
* 1.0 1
0.5 ]
. 0.0 e S o
£ 0.4 ey 51 T
S 03[ j x2/ndf = 1.160
£ 00f )
— -0.2F 7] 0.0 -
E_D.4_ 4 S L — S 4 4 — ot - — ] - ' | ! L ! L ! o rrEr
10-4 10-3 10-2 10-1 10~ 10-3 10-2 10-1 10°

X X

/\ Only experimental uncertainties

v fit reproducible (yellow left vs. right)
v/ only small change if including EW corrections and final uncertainties
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A Reproduction fits

Uncert.

Rel.

original (G. Sieber 2016) reproduction fits

4.0 HERA DIS 02=1.9GeV? |
o S5 | mmm HERA DIS | Q*=1.9 Gev? 2 /ndf _l1 166
X7 HERA DIS + CMS Dijets 2.5 ___x°/ndf =1.
2301 x?/ndf =1163 N

. o
>
-~/ - 1.0 4
0.5}
0.0 T ST ET U IT ., S ,
R 4 SR 2/ndf = 1.160
0.0 [ |
o4l | \ 0.0 -
10-4 10-3 10-2 10-1 10-4  10-* 102 10! 100
X

X

/\ Only experimental uncertainties

v fit reproducible (yellow left vs. right)
v only small change if including EW corrections and final uncertainties
v good agreement between different NLOJET++ and NNLOJET

K. Rabbertz, J. Stark CERN, 31.05.2021 CERN Theory Workshop 8



Al Scale choices 4

Produced new fastNLO grids filled from NNLOJET via APPLfast:
— no fixed K factors

contain NNLO contribution
can change central scale definition between

1= pr1e%¥" "ptmax” (used previously)
= Mo "'mi12” (recommended by theory)

® in the following, increase DIS @2 cut from 7.5 to 10 GeV? (also
recommended by theory)

K. Rabbertz, J. Stark CERN, 31.05.2021 CERN Theory Workshop 9



| 13 parameter fits — NLO vs. NNLO -,

8TeV NLO 8 TeV NNLO
Q*=1.9 GeV Fit 2 /ndf Q*=1.9 GeV Fit Y2 /ndf
4 B DISonly 1.151 4 B DISonly 1.159
p=pr1€>¥ | 1.155 p=pr1€>¥ | 1.150
. = Mo . = Mo 1.147
3 - 3 -
S S
X | e x
22 R 27
1- 1-
0 A 0 A
104 1{:;—3 1{:;—2 1{:;—1 100 104 1{:;—3 1{:;—2 1{:;—1 100
X X
® NLO: significant differences between scales ( vs. dijet mass)

® NNLO: both central scales agree very nicely
® my, scale definition much smaller 2 in NNLO
K. Rabbertz, J. Stark CERN, 31.05.2021 CERN Theory Workshop 10



Adding scale uncertainties

e

8 TeV NLO

N2 =1.9 GeV?

;'L f— pT‘1 e{]‘s}r*
B o=mp

-

xg(x, Q?)

0 -

10-4 103 102 10-1

X

109

xg(x, Q?)

8 TeV NNLO
Q?2=1.9 GeV? L= pr €Y
4 - W o=mp

U .
104 10-3 102 10-1 109

® maximum envelope of 6 scale variations?

B scale variation uncertainty considerably smaller in NNLO
°The bands show the combined scale and experimental uncertainties

K. Rabbertz, J. Stark CERN, 31.05.2021
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| Pulls of fitted nuisance parameters !
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Al Pulls of fitted nuisance parameters

8 TeV NLO

¢
{()* { * } +{ ++ * }+<)

#=Pra g3y | M= IMz

bt

nong. tails

FlavorQCD

® curved distortion between prediction
(crosses) and central data (black line)

® data is shifted towards predition

(transparent bars)

® outliers in shifts produce distortion,

lumi globally shifts data

K. Rabbertz, J. Stark

CERN, 31.05.2021

rel. to data

=
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o
0

o
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8 TeV NLO
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+
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| Pulls of fitted nuisance parameters ',

2 8 TeV NNLO — pr €@ M = my
MILCTRTToitY ST 'l
e RSN
® curved distortion drastically reduced in 8 TeV NNLO
NNLO 0%
¥ +
® previous outliers in shifts almost back g [r et **H%ﬂ*ﬁ |
in the gray 1-sigma region 2 %] pi
@ 0.90 - t
0854 0<yp<1 0O<y* <A1 H

pf.avg
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&l  Simultaneous PDF + as fits -,

8TeV NLO 8 TeV NNLO
Fit ‘ 2 /ndf (Vg Fit ‘ 2 /ndf (Vs
4 pn=pr.€>¥ | 1.156 0.1191(15) 4 - n=pr.e’¥ | 1.148 0.1155(12)
H jt = Mo 1.386 0.1198(15) | jt = Mz 1.147 0.1163(12)

xg(x, Q?)
xg(x, Q?)

0 - @Q?> =1.9GeV? 0 - @* =1.9GeV? |

104 103 102 101 109 104 103 102 10! 109
X X

® no scale uncertainties shown here

® |arger exp. uncertainty due to correlation of gluon PDF with ag
® as before nice agreement between different scales at NNLO
K. Rabbertz, J. Stark CERN, 31.05.2021 CERN Theory Workshop 15



A Fitted as values o

CDF 1.96 TeV (1)) I
: DO 1.96 TeV (1j) _
Fitted avs(M) values
H1 319 GeV (1)) v,
Mal.&Star. 7 TeV (1j) o
CMS 7 TeV (1)) ]
_ 0.3y* +0.0028 CMS 8 TeV (1j)
O W=Pprie 0.1191 + 0.0015(exp) " pois(SCalE) sriteger (1)
pr L0.0021 fm iy e b e
= My 0.1198 £ 0.0015(exp) 5oz (SCalE)  |cms 8 Tev (2))
NLO ptmax a
Q 1= pr1e®¥ | 0.1155+0.0012(exp) 5555 (scale) N2 2
=
= 40.0010 NNLO ml2
= My 0.1163 £ 0.0013(exp) "5 oo0s(SCale) 5110 0115 0120 o125 o130
Comparison with other values obtained from
/\ Only experimental and scale uncertainties jet cross sections and the world average
(blue)

® as expected, smaller ag values at NNLO
® scale uncertainties: maximal envelope of 6 scale variations
® experimental and especially scale uncertainties smaller at NNLO

K. Rabbertz, J. Stark CERN, 31.05.2021 CERN Theory Workshop 16



&l Including 7 TeV 2D dijet data -,

2 _ 2 2 2
Q7=19Gev Fit x2 /ndf Q7=19GeV Fit Y2 /ndf
4 B DiSonly | 1.151 4 B DiSonly | 1.159
B 3D8TeV | 1.386 B 3D8TeV | 1.147
I 2D 7TeV | 1.205 B 2D 7TeV | 1.201
3 B Combined | 1.426 3 4 B Combined | 1.194
o o
x x
2 2 2
1 - 1 -
0 - 0 -
104 103 102 101 109 104 103 102 10-1 109
X X

® use i = my2 (dijet mass) scale for both datasets
® 7 & 8TeV data compatible, 3D 8 TeV data dominates the combined fit
® NNLO results much more consistent

K. Rabbertz, J. Stark CERN, 31.05.2021 CERN Theory Workshop 17



A

Including 7 TeV 2D dijet data

l/ = =
%4

NNLO

00 < ma < 0.5
S 1.5 Y
=
2 ———
T 1.0 == o s oo S
1.6 -
05{ [iE {10
814 y
=
212
E _—_—*
10 s T omom et
0.8

Mass bin nos.

® crosses show the predictions of the
bars show the shifted data

® slight normalization difference at NLO that decreases at NNLO

CERN Theory Workshop

K. Rabbertz, J. Stark

CERN, 31.05.2021

2.0 4
E DD E .!/umx < 05
i ® 1.5
B o
o — e T —
S B I R —— NI — 1 .
-+ 1.6 -
® 0.5 < Ymax < 1.0
S 1.4
S
N o 1.2 1 —
10+ o ———————
> Mass bin nos.

vs. the combined fit,

18



A Conclusion 4

Reproduction of past dijet PDF fits at NLO

® 13 parameter fit of G. Sieber (2016) is reliably reproducible

® negligible impact from switch to new theory program NNLOJET and
new xFitter version

PDF and os fits with new fastNLO tables

® good agreement between results with different scale definitions at
NNLO

® scale uncertainty (on fitted PDFs and as(M;)) much smaller at NNLO

Inclusion of 7 TeV 2D dijet data

® 7TeV 2D and 8 TeV 3D datasets yield compatible results at NNLO
@ a combined fit is possible

K. Rabbertz, J. Stark CERN, 31.05.2021 CERN Theory Workshop 19
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A PDF parameterisation &,

xg(x) = Ag xB (1 — x)% (1 + Egx®) fe:"%im Ay = Ap(1 = f5)
xuy(X) = ApxBv (1= x)% (1+ Dy x)
xd,(x) = Ag, x5 (1 — x)%av
xU(x) = Ay xBu (1 — x)°0 (1 + Dyx)
xD(x) = Ap xBp (1 — x)°p M.
fs = 0.31

xg(x) = AgxBe(1 — )% — Al xBe(1 — )%,
Xuy(x) = Ay, xBw (1 —x)C (1 + D, x + E, x?%),
xdy(x) = Ag, x84 (1 — x)C (1 + Dy x),

xU(x) = Agx®v (1 — x)“0(1 + Dgx),

xD(x) = Ax®p(1 — x)“D

K. Rabbertz, J. Stark CERN, 31.05.2021 CERN Theory Workshop 21



A x2 definition <k

ExtraSystRescale enables Poisson

\.

+ A?
2 I n sI at I,syst

e — Z (mf I_,t b.:r :U*I) C ( r v JUJ + Z + Z IO L + 02 )
ij i.stat 1.8yst

C.‘j ,Or; wtatAj,stat + 6,?&.5,5}'51‘.&],5}’% A.f',stat. = fsf_._stat \/ﬁﬁmi exp(_?":‘1bﬁu)

[’? == ’j/.,-' m,r' Afﬂsyst — fsf,systmf T \
ExtraSystRescale
SysScale=Linear h

StatScale=Poisson

with theory predictions m;, data points p;, uncertainties ¢ and v and the
correlation matrix pji

K. Rabbertz, J. Stark CERN, 31.05.2021 CERN Theory Workshop 22



A

13 parameter fits — x? values

NLO NNLO
- HEEHA I+l with CMS gj;_egs with CMS dijets | HERAI+ll  with CMS ﬂe!s with CMS dijets

is only it = prae = My Dis only jr=prq e p= My

HERA I+l combined 1016 1106.14 1128.45 1181.30 1109.15 1116.89 1119.54
ybO0 ys0 31 - 13.71 35.82 - 17.79 16.70
yb0 ysi 26 - 13.37 28.03 - 15.90 12.78
yb0 ys2 14 - 23.23 76.82 - 20.97 23.38
CMS 8TeV dijets  yb1 ys0 23 - 13.98 19.21 - 20.09 16.22
yb1 ysi 17 - 20.33 27.45 - 25.70 20.40
yb2 ys0 11 - 28.62 88.36 - 13.25 22.10

combined 122 | - 11324 27569 | - 11370 11158

correlated y?2 50.96 69.88 115.15 55.48 63.96 63.17
log penalty 2 -2.98 -11.96 -13.24 -1.74 -1.04 -3.95

combined 1154.12 1299.63 1558.90 1162.89 1293.52 1290.33
ndf 1003 1125 1125 1003 1125 1125

p-value | 6.13 x 10~* 215 x 1074 3.24 x 107* 3.33 x 107 416 x 1074 1.26 x 10716

combined 2 /ndf 1.151 1.155 1.386 1.159 1.150 1.147

® differences in x? considerably smaller in NNLO
— scale dependency smaller in NNLO

® myo way better in NNLO

K. Rabbertz, J. Stark

CERN, 31.05.2021

CERN Theory Workshop 23



A

Data description

rel. to data rel. to data

rel. to data
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8 TeV NLO

K. Rabbertz, J. Stark

CERN, 31.05.2021

rel. to data
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Fitted nuisance parameters -

A

B 2D 7TeV B Combined
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NLO

#
R T

- 4H1ddn3|ld

- ¢D033ddna|id

- TD33ddn2|id

- 491ddnalid

- JaYiddnalid

- Dweleadnalid

- 4 S431e1S9A13.[9Y
- 4HIe1S9aAIIR|DY
- ZD33e1SaAe|9Y
- YS49n1e9Y

- 4H1d9A13e|9Y

- Z031d3AIe|ay

- TD31dSA1e|Y

- ddidaAn13e3y

- dHY3[aAneY

- ZD3d3[eAne|ay
- TO3Y3[enneay
- addJoneld

- T¥OHuUoId3|buls
- 1vD3uoida|buls
- uonejuswbel
- selg4diN@In|osqy
- 1e1593N|0SqY

- 9|eJSaIn|osqy

- S|lejueissnebuou
- lwinj

ICIE]

- lladu

- uigAgquig

- buipjojun

- uunT

- €103(

AeEll

- 1103

- 01D3(

- 623

- 803

- £03(

- 903

- 603

- ¥03(

- €23

ekl

ekl

- 003
- 1adN

25

CERN, 31.05.2021 CERN Theory Workshop

K. Rabbertz, J. Stark



| Consistency of 3D 8 TeV & 2D 7 TeV .,

partial x? values

CMS dijets CMS dijets

NLO 3D8TeV 2D 7Tev OMPined

HERA I+1I 1181.30 112463  1178.64
CMS dijets 3D 8 TeV | 275.69 - 283.74
CMS dijets 2D 7 TeV - 94.24 97.36
Correlated 2 115.15 60.71 132.39

NNLO Cshgssﬂfae\ffs Czhgsﬁgs Combined

HERA I+1I 1119.54  1112.62  1120.46
CMS dijets 3D 8 TeV | 111.58 - 111.93
CMS dijets 2D 7 TeV - 93.31 103.04
Correlated \? 63.17 63.93 73.81

K. Rabbertz, J. Stark

CERN, 31.05.2021

® NLO and NNLO only

small change in partial
v if including the other
dataset

® Fitting both datasets

together leads to similar
results as fitting either of
them alone

4

Both dataset (plus theory

calculations) can be called

consistent

CERN Theory Workshop 26



| Exp. syst. uncertainties 8 TeV -,

1.10 . |19-17"1fb‘1 (8 TeV) 1.10 . | . _ |19.1?1fb—1 (8 TeV)
0<yp<l —— SinglePionECAL O<yp<1 = PileUpPtBB
0=y <1 w  FlavorQCD D=y'<1 PileUpPtHF

= SinglePionHCAL — PileUpDataMC
——— PileUpPtEC1
1.05 - 1.05 | PileUpPtEC2 A
— PileUpPtRef
> >
= =
£ c
© ©
t 1.00 £ 1.00
GJ [
o -
c c
- o
0.95 } - 0.95 -
0.90 L L L L L L 1 0.90 L L . 1 1 1 ]
200 300 500 1000 200 300 500 1000
PT,avg [ GeV Pt,avg / GeV
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