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A\ Outline

@ Interpolation grids at NNLO for DIS published

@ Interpolation grids for numerous jet datasets at LHC computed

@ Inclusive jets with examples for

Grid closure

Scale dependence

PDF uncertainties

NNLO K factors

@ Dijets with application example
% PDF (+a,) fit

@ Outlook

+ + ¥ &
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A

DIS interpolation grids

Successfully used for jets at NNLO in DIS: &

3
+ H1, EPJC 77 (2017) 791; Err. EPJC 81 (2021)

738.

+ APPLfast, EPJC 79 (2019) 845; Err. EPJC 81
(2021) 957.

+ HERAPDF2.0Jets, EPJC 82 (2022) 243.

See also yesterday’s talk
by Katarzyna Wichmann

N
=
Example: /—;;,

Running of as from inclusive jets ©

Interpolation grids available on:
https://ploughshare.web.cern.ch
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https://ploughshare.web.cern.ch/

Ingredients

2

J W0 W 7d 7N VY e

o Theory: 2 T T T

7,/ | 7/ |/ A/ /S S/

% NNLOJET: T. Gehrmann et al., RADCOR2017 PoS (2018) 074, arXiv:1801.06415.
Inclusive jets: J. Currie et al, PRL 118 (2017) 072002; JHEP 10 (2018) 155.

Dijets: J. Currie et al., PRL 119 (2017) 152001; A. Gehrmann-de Ridder et al., PRL 123
(2019) 102001.

@ Tools: A PZ?L/%W fas‘NLO

% APPLfast interface: D. Britzger et al., EPJC 79 (2019) 845, arXiv:1906.05303.
% fastNLO: D. Britzger et al., Proc. DIS2012 (2012) 217, arXiv:1208.3641.

% APPLgrid: T. Carli et al., EPJC 66 (2010) 503, arXiv:0911.2985.

= xfitter: S. Alekhin et al., EPJC 75 (2015) 304, arXiv:1410.4412.

%ﬁz’z‘e/
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R\ The investment

Typical total runtime of a grid production
“Events” [ hour

¢ | #jobs = Total CPU
time: 333 kh RRa, RV: LO, NLO, VV:
o most expensive easy
NEM?2
0(103-10%) |O(105 - 107)

# jobs

o @

n oD o - —
§<:D:u< e}

CPU hours
Total # of ~24h jobs: O(15000)

Events / hour
DIS 2022 )
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R\ Return on investment

Relative numerical uncertainty of NNLO 3D dijet cross section
Dominated by RRa and RV channels
Numerical uncertainty provided inside grids

35 ni3832_yb0_ys0_ptavgjl2 _ 5 ni3832_yb0_ys2 ptavgjl2
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A\ Inclusive jet datasets

@ Seven inclusive jet datasets from ATLAS & CMS, 2D in prand y

% Four centre-of-mass energies, three jet radii R

Sample plots

% Two central scales for - .
al in this talk
Data N L no. of anti-k—r kinematic range  fiducial cuts PR,/ F-choice
[TeV] [fb~'] points R [GeV]
CMS [29] 2.76 0.00543 81 0.7 et € (74, 592] ly| < 3.0 i
ATLAS [27] 7.0 4.5 2x140  0.4,0.6  pl* € [100, 1992] ly| < 3.0 St Hr
CMS [30] 7.0 5.0 133 0.7 pitt € [114, 2116] [yl < 3.0 Pt Hr
ATLAS [31] 8.0 203 2x171  0.4,0.6 pist € [70,2500] ly| < 3.0 Pt Hry
E F jet _
CMS [32] 8.0 0-6 248 0.7 i}“ € [21,74] ly| < 4.7 Pt Ho
19.7 pr € [74,2500] | L
ATLAS [33] 13.0 3.2 177 0.4 pis* € [100, 3937] ly| < 3.0 Pt Hry
36.3 0.4 - o
CMS [34] 13.0 . 2x7T8 07 pt € [97,3103] ly| < 2.0 pit Hr
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A Grid closure vs. NNLOJET

APPLfast + NNLOJET ATLAS (/s = 7 TeV ATLAS inclusive jets at 7 TeV

1.802 [ LO O NLO < NNLO "
= 1.001 1%
= 4
= © 0069 & ss .
= o 9588 .88 &% SPosmommog ol Generally aim at closure
= °F 4% © better than 1 %o
E 8.999 -1%
inclusive jets _
B < |yi] < 8.5 . oo APPLfast + NNLOJET ATLAS s = 7 TeV
8.998 |- He = fir inner rapidity _ 1 .
! | ! 1.802 | LO © NLO ¢ NNLO -
100 200 ~ bee 1660
pr’ [GeV] = 1.001 1k
] § o ©° o c? C? o @,@ & oF 3
Closure deteriorates somewhat = e °c ° 4 & |
towards phase space limits; = $60 99
exceptionally may exceed £ 5.999 g e
1 %o at phase space edges 2o | e e o
0.998 | Mo = fr outer rapidity -
160 2006 560
prd [GeV]
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R\ Scale dependence

ATLAS inclusive jets at 7 TeV
Scale uncertainty bands: LO, NLO, NNLO

APPLfast + NNLOJET ATLAS /s =7 TeV

10+4
: I I |
[ L0 E=—= NL0O E==3 NNLO
1672 | Her = HT part Full 2-dimensional scale
i [ n n
e dependence in pgr for each bin
[=3 s
f o 2m Wy {1002 9
5 e = 5
2 e
(=] i“:
° 4 inclusive jets E
167" ¥ g < |yi| <8.5 £
Hg = Hy
NNPDF3. 1
19—6 1 1
1.3 I
1.2 | B
= e —— =2 o
= 1 8x10™"
838.9F - 1
o 0.8 - 7x10"
. B 3 7] <101
= g8l NNLO (g = p19) 1 %77 N
0.4 ' ' ' .\ ,
x s VA Y LY ) 1 1
108 288 . 588 1880 5x107"  6x107" 7x107" 1 2
pr) [GeV] mefy

Additional scale: prj: instead of HTar
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A PDF dependence

C oM. / Olihrs.y — 1) [%]

ATLAS inclusive jets at 7 TeV

PDF uncertainty bands for selection of 8 PDF sets

central rapidity outer rapidity
APPLfast + NNLOJET ~ ATLAS ys= 7 TeV APPLfast + NNLOJET  ATLAS ys= 7 TeV
T | I
s = A s LR
e e ><>j - et etteletotecoo I NNPDF3. 1
: = = : %5 1 NNPDF4.8@
usive fet i ~ \ E1CT14
inclusive jeis o inclusive jets __I—LL‘X K o=
_19 - @ < |yJ| < 0.5 = | _18 - 2 < |y‘]| < 2.5 % XXX CT18
| T g% T N Vv 999
18 | © 19k RRRKL HERAPDF 20
D S8 1 MsHT2e
g 1 &£ ef LT 1 aB6
o SRRRK
16 B e e N BN —_— | RS PDFALHC15
. , r— 10T | - T e
100 200 500 1000 100 200 508

pr) [GeV] prd [GeV]
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\ K factor robustness

Dependence of Knno On: as — negligible
most PDF sets — ~ 0.5%
exceptionally (ABM, HERAPDF) - ~1%

APPLfast + NNLOJET ATLAS Js= 7 TeV APPLfast + NNLOJET ATLAS Js= 7 TeV
| | I | |
1.3r inclusive jets 7 1.3 inclusive jets ] Scale
1.2 F @< |yi| <0.5 s 1.2 F 2 < |yl] <2.5 = NNPDF3. 1
= 1.1 F - = 1.1F -
e S
1k s 1+ .
8.9 | He = Hy - 9.9 L He = fr -
| | | depend ! |
T T T £ aS p .
i / 0.108 - 0.124 ] =
[ (|
= g5l | = g5 | NNPDF3.1
-~ 0 ~ 9 | =3 NNPDF4.8
N - g‘“& = - 1 CT14
-4.9 - T o-u. N
o ' . ! PDF : 9 CT18
Eg T T T d ;E
= 1 [ - ep. = - HERAPDF 20
8.5 | ~ | MSHT28
g%— A %%‘ | =3 ABM16
= = A PDF4LHC15
_9_5 -
1 1 | | |
100 200 500 1808 100 200 500 o
central rapidity pyJ [Gev] prd [GeV] outer rapidity
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A Dijet datasets

@ Four dijet datasets from ATLAS & CMS, 2D in m42 and y* Or Ymax, or 3D in <pri2>, ¥*, Vb

% Three centre-of-mass energies, three jet radii R

Sample plots

% One central scale for pyrr, except for 3D data with two

in this talk
Data Vs L no. of anti-kr kinematic range fiducial cuts uR /F-choice
[TeV] [fb~'] points R [GeV]
|y1|= [y2| < 3.0
ATLAS [48] 7.0 4.5 90 0.6 mi2 € [260, 5040] [pT.1,pT,2] > [100, 50]GeV Mo
y© < 3.0
ly| < 5.0
CMS [30] 70 50 54 0.7 mi2 € [197, 5058] [pr.1, pr.2] > [60,30]GeV m12
‘yrnax| £ 2
ly] < 5.0 pr,1exp(0.3y™)
CMS [47] 8.0 19.7 122 0.7 (pr1,2) € [133,1784] pr.1,pT.2 > 50GeV
Y1, ly2] < 3.0 M2
ly1], |y2] < 3.0
: 75GeV
ATLAS [33] 13.0 3.2 136 0.4 mia € [260, 9066] PTyPI,3 > To7se Fiis
(pTLQ} = 100GeV
g~ 30
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A Triple-differential dijets

Most measurements done with respect to dijet mass d3 o
and either max. rapidity |y| _ (CMS) or rapidity separation y’ X (¥

(ATLAS). One CMS result 3D in priz, y*, yo: dpT,ave dYpdy*

2
S

lllustration of dijet event topologies
19.7fb-1 (8 TeV)

108 1 1 1
& S —0— 0= yp<1 0= y*<1(x102)
== ) 107 | CMS =¥= 0= yp<1l 1=y*"<2(x10?) A
| O —A— 0= yp<1l 2<y*<3(x101)
= B 106 } - 1<y,<2 0=<y*<1(x101)
—l o - 1l=syp<2 1=sy*"<2(x101)
I — 105 } -¢ o— 2=<yp,<3 0= y*<1(x100) 4
* *
= %E; 104 } NLOJET++ (NLO®EW®NP) -
o Y NNPDF 3.0
o | [ =
T| 2 103 } U = PT, max€0-3¥ i
= anti-ktR = 0.7
S 102} -
101 } -
77777777777777 100 } -
: 10-1 .
— i 10-2 | i
: 103 | =
| N » &
é 4 10—4 | | | | | | | 1

200 300 500 1000
PT,avg [GeV]
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Q| 13 parameter fits — NLO vs. NNLOJ

Gluon from 13-parameter PDF fit with xfitter for two central scale choices

8 TeV NLO 8 TeV NNLO
Fit | Xzfﬂ-dof Fit | Xandof
m DIS only 1.151 B DIS only 1.159
4 pr/p = pr.1exp(0.3y*) | 1.155 4 1 prsr = praexp(0.3y”) | 1.150
B pur/p = miz 1.386 B pur/r = miz 1.147

3 3 -
~ ~
O - O
S X
o o
2 2 :

1_

exp. uncertainty
bands only

04 Q°=19GeV?

L | T T T T T T 11T T LI R B B |

LR |

104 103 102 101 10° 10~* 103 1072 101 100

X X

Left: NLO Significant differences between central scale definitions
Right: NNLO Much improved agreement between scales & better fit quality
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| Scale varied fits & PDF+a; fit

Gluon from 13-parameter PDF fit Gluon from 14-parameter PDF fit
with scale variation band at NNLO at NNLO with free as

8 TeV NNLO 8 TeV NNLO
pr/F = pr,1exp(0.3y7) Fit | %2 /ndot o
B pRp/r = miz pri1exp(0.3y™)| 1.148 0.1155 £ 0.0012
4 - 4 - B mio 1.147 0.1163 + 0.0012
3 -
[ <
S 43§ s X
R 2 B 2
1 -
04 QF=19GeV? 04 Q°=19Gev?
104 10 102 107 10° 104 103 102 107!  10°
X X
Much reduced scale dependence Consistent results between scales
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R\ Fitted as values

CDF 1.96 TeV (1)) I
: DO 1.96 TeV (1)) —
Fitted as(My) values
H1 319 GeV (1)) u,
Mal.&Star. 7 TeV (1j) 1 o
CMS 7 TeV (1)) [
_ 0.3y* +0.0028 CMS 8 TeV (1j)
O n= pri€ 0.1191 £ 0.0015(exp) " goi6(SCalE) sriteger (1)
Z D002 1 e e
= M2 0.1198 & 0.0015(exp) 5 goz: (SCAlE)  |cMs 8 Tev (2))
NLO ptmax o
O _ 0.3y~ +0.0008 NLO m12 I
= 1= pr1e 0.1155 4 0.0012(exp) " 9017 (SCale) NNLO ptmax o
Z +0.0010 NNLO m12
= My 0.1163 £ 0.0013(exp) "y po0a(SCalE) 5110 0115 0120 6125 o130
Comparison with other values obtained from
/\ Only experimental and scale uncertainties jet cross sections and the world average
(blue)

® as expected, smaller o values at NNLO
® scale uncertainties: envelope of 6 scale variations
® experimental and especially scale uncertainties smaller at NNLO
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R\ Summary & Outlook

@ Series of interpolation grids for pp — jets produced for ATLAS & CMS:

% Inclusive jet & dijet production
% Several centre-of-mass energies and jet sizes R

% Numerical accuracy of O(%o.) and precision of O(%)

@ Will be made public via Plougshare rather soon’ish

@ Continue work on:
% Other processes in NNLOJET

% Simplified interface to new NNLOJET version with numerous performance
improvements, also for the grid filling

% Remark concerning arXiv:2204.10173 and leading color:

- Small effect on inclusive jets or 2D dijets
-~ Updated interface also gets full-color resulit

K. Rabbertz Santiago de Compostela, 04.05.2022 DIS 2022 17



R\ Data references

@ ATLAS data:
+ Inclusive jets: JHEP 02 153 (2015), JHEP 09 020 (2017), JHEP 05 195 (2018).
+ Dijets: JHEP 05 059 (2014), JHEP 05 195 (2018).

@ CMS data:

+ Inclusive jets: EPJC 76(5) 265 (2016), PRD 87 112002 (2013), JHEP 03 156 (2017),
JHEP 02 142 (2022).

Dijets: PRD 87 112002 (2013), EPJC 77(11) 746 (2017).
@ More details on 3D dijet fits:

% G. Sieber, PhD thesis: IEKP-KA/2016-05, KIT, May 2016.
=% https://publish.etp.kit.edu/record/21328
= J. Stark, Master thesis: ETP-KA/2021-2, KIT, Feb. 2021.
=% https://publish.etp.kit.edu/record/22044

K. Rabbertz Santiago de Compostela, 04.05.2022 DIS 2022 18


https://publish.etp.kit.edu/record/21328
https://publish.etp.kit.edu/record/22044

Backup Slides
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R\ Interpolation concept

Implemented in APPLgrid & fastNLO

Use interpolation kernel = —_—
- Introduce set of n discrete x-nodes, x;'s o forf o
being equidistant in a function f(x) R A ST
- Take set of Eigenfunctions E.(x) around NENEANEENEL LN
nodes x.
. -2 0 2 4 6 8 10 12
— Interpolation kernels f t x
- Actually a rather old idea, See e.g. Single Eigenfunction ~ Sum of Eigenfunctions

C. Pascaud, F. Zomer (Orsay, LAL), LAL-94-42
— Single PDF is replaced by a linear combination

H H 125 cubic interpolation of
of interpolation kernels . eveihied OTEGE 1M gluon
~ (i) é 0.75 w(x) = x % (1 - 0.99 x)*
fa(x):Zfa(xi)'E (X) (g) 05
i § 025 | | | M= 500 GeV
_) Then the integrals are done only once 0 W:WJVI”'I‘ 1 III’IIkl-:-'- 1 I-- I’t_l 1 I IIIIIIIII\
— Afterwards only summation required to 1ot 10t 10® 10 05 09
Change PDF Xgluon
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\ PDF parameterisation

xg(x) = Ag xB (1 — x)% (1 + Egx®) fe:rgim Ay = Ap(1 = f5)
xuy(X) = AgxBv (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
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Al Pulls of fitted nuisance parameters

- 8TeV NLO o B e
+ +®

AL O AR AR CYA

shift

g 1 s 3
5% S 3
3 g S
® curved distortion between predictipn 8 TeV NLO
(crosses) and central data (black line) et
® data is shifted towards predition Tl I LA T TS T & ¥ —+-+;——
(transparent bars) 2 . }
® outliers in shifts produce distortion, : t
lumi globally shifts data 08{ 0¥t 0=y <t

Pt avg
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Al Pulls of fitted nuisance parameters

2 STEV NNLO pr1e”3y B ,u Mmyo

i) O Nk 1ot

shift
=]

IIIIIIIIIIIIIIIIIIIIIIIIIIII

g ¢ . :
2 8 ¢ o
3 : 3
® curved distortion drastically reduced in 8 TeV NNLO
NNLO 1.05 4 :
. . . . I T 54 S FUTE AT AN, IO o}
® previous outliers in shifts almost back g T+ 1 “L'“’*‘H*ﬁ Wit
in the gray 1-sigma region g 0% pi
S 0.90 - 1 i
0859 0<y<t1 O<y* <1

pr.avg
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Al 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
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A Grid distribution — Ploughshare

e

Home About Operations Grid summary Grid download Search grids Code download help

hosted by CERN

Code download

Documentation Statistics Contact

K. Rabbertz

I‘\""‘;‘
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