The XXVII International Workshop on DIS, Torino, ltaly, April 2019

Recent @W wit) APPLLast-NNLO for
%ﬂ/ LHC, mz//rz/ Witribution

Mark Sutton
The University of Sussex

Daniel Britzger', Claire Gwenlan!, Alex Huss$
Tom Morgan¥*, Klaus Rabbertz?, Mark Sutton’
Max Planck’, Oxfordt, CERNS, IPPP Durham*, Karlsruhe2

oth April 2019
Work supported by the IPPP Associateship program



The XXVII International Workshop on DIS, Torino, ltaly, April 2019

Preface

 The excellent performance of the LHC is leading to ever higher precision measurements
* Recent significant developments in the precision of QCD calculations also significantly improve the description of the LHC cross section

 However, such calculations have significantly increased CPU requirements, so that more than ever, fast grid techniques such as fastNLO and APPLgrid are required to be
able to use these data and calculations in QCD fits

* Inthe past NNLO k-factors have been the standard, but with the APPLfast interface, using the full NNLO calculations becomes possible

* Increasingly, all PDF fitters are reliant on these fast interpolation grids from APPLgrid and fastNLO, but the extensive CPU required means that we, as a communittee would
benefit greatly from more extensive sharing of the products of our grid calculations

* Into the fray, enters the Ploughshare project - a grid sharing which will be the primary source for the distribution of all the NNLO grids developed as part of the APPLfast
project...
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Began as a joint project between the fastNLO, APPLgrid and NNLOJET developers at QCD@LHC
Interface between the NNLOJET Code and both the APPLgird and fastNLO filling routines

Original aim was to interface with the NNLOJET code in a minimally intrusive way

Since then the interface has developed in a number of ways to improve in the efficiency - has included developments to fastNLO, APPLgrid and NNLOJET

Typically many hundreds of separate processes at

NNLO

Automated generation of subprocess contributions

and book keeping

Sub process combinations which share the same
iInput partons are automatically combined

Many processes generated for the same phase
space point, so weights are cached before filling the
grids to reduce duplication of calculation of

interpolating coefficients

Grid generation typically in three stages ...

VEGAS warmup - just run NNLOJET (no grid
filling), optimise and fix generation phase space

Grid warmup - run NNLOJET with reduced phase
space but filling grids to allow optimisation of grid

node phase space

Grip production run - run NNLOJET with full

statistics and full grid filling
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Master formula for hadron-hadron convolution at NLO

The master cross section for the convolution at the central scale just involved the convolution of the weight grids for each order with the sub process combination vector ...

Rsu (i) LO
— ~ s (sR Q2 A (pLo)() () (lyl) (lyl) 2 (iz)
W (R, EF) = L LLL < W, FO(x, E20%77)

lyl,lyz,lf

27T lyl 9ly2 It

(i)
as(éRQz N\ ono) ) () ) (iv)
n ( “ [(W PNLO)' F(l)( V1 Y] SF Q2 ’ ) ]}

In practice the number of sub processes, nodes etc are different for each order

At NLO the scale variation just requires the additional log terms times the LO weight grid including the convolution of the splitting function with the PDF for the factorisation
scale dependent terms ...

Nsub—1 2(lf) PNLO | |
> LS () Larmmotmeiwiz) < r0 4 02
‘1

(pLo)@) () (iy;) (ly1) 2(i7) () (i ) (l ) 2 (ir)
—In SFW (FCI1—>P0®611 (xl ’ SFQ ) T FQ2—>P0®612 (xl ) ) SF 2 ))]

lyl,lyz,lf

At NNLO the central scale is hardly more complicated - just the extra term for the NNLO weight grid, but the scale variations are more involved ...
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NNLO SCa|e Val‘iatiOn . (M 3 additional NLO terms

o ) 2)806§?)®fi(ﬂF)®fj(ﬂF)

* NNLO cross section calculation at central scale o 3
+Le (2R [ 69 © filur) ® (P ® fulue))
- as(”Ro) A(O) Ve j
0 (HRos Moy @s(BRo)) = | — ® fi(kr,) ® fi(pr,)
as(uR,) (1) = 65')) ® ( Py X fk(#F)) ® fi(ur )]
i3 ( 2 ) o ®f1(uF0)®fJ(uFo) .
o 1)\ additional NNLO terms
Qs\HR ~(1) ~(0)
s A L 3B06:) +2B6;; : .
e S(uRo) (2) R fz(l-"FO) R f](ﬂFo) 4 0(05) +LR ( o ) ( ,300 +25 03 ) ® fi(ur) ®f](ﬂF)
2 .
[ +Li (as;rR ) 38365 ® filur) ® fi(ur)
Full NNLO scale variation includes multiple log terms and convolutions with the splitting function 27z (%é;m)) [_ &(1) ® fi(ur) ® ( Pj(k) & fk(up))
. 'Y
« APPLgrid...
~(1) plo
e Stores only the three grids for LO, NLO and NNLO — 0 @ ( 3 fk(“F)) ® fi(pr)

« (Calculates the log terms and convolutions with splitting functions dynamically (using hoppet) as required »(0) ® filur) ® ( P(k) 2 fk(up))
a J

 Computationally more complex, but smaller grids - fewer terms in the a posteriori summation

° fastNLO ... il 6'2(_?) ® (I)z(kl) X fk(ﬂF)) X fj(ﬂF)]
(i, , =w, +log(u’)w, +log(u’w, +log”(u*)w,, +log” (1w, +log(u”)log(u” w : 4
(Mg Mp) 0 g )y g’ o g (1 )y g (U)o gl ) log(u” )y, +I2 (a él:rR)) [52(?)@(}){(1?)@&(%‘))@ (Pj(lo)@’fl(ﬂF))
log’s for NLO additional log’s in NNLO £ g
« Stores additional grids for each of the coefficients for the logs +2%; ® filur) ® (PJ"“ Ofy'® f‘(”F))
L.
6 grids for the LO coefficients ( NNLO contribution is NNLO + NLO x log + LO x log log etc ) +§Ug')) ® (I)i(lg) ® Py ® fl(MF)) ® fi(ur)
e 3 grids for the NLO coefficients +%[30 ag?) ® fi(ur) ® ( pj(,?) R fk(up))
. . - -
1 grid for the NNLO coefficients + Bo 02(39) 2 ( Pi(k(:)) 2 fk(up)) 2 fj(uF)]
 Less complex, but ~ 3 times larger grids for a single scale, more terms in the a posteriori convolution, but G
more straightforward when storing multiple scales +LgpLg ( 82:‘ ) [— 3606, ® fi(ur) ® (Pj(;?) ® fk(uF))

- 3B 3,(;-)) ® (P,-(;?) ® fk(#F)) ® fj(uF)]
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Cross section

grid / NNLOJET
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| —— pt: 100.0 - 120.0 —A— pt: 100.0 - 120.0
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i Jet production .
= P Jet production
- 0.996 - central | o.0s- forward
= / + Jet o roduction 10 15 20 25 30 35 40 45 5 10 15 20 25 30 g g
— number of x nodes number of x nodes
;_ ---- Reference
- — Fast convolution G . d I
=  How well the grids reproduce the full calculation depends entirely on the quality of the
=5 interpolation
;_ * Does not improve with higher statistics - precision determined by the precision of the
= L — interpolation for each individual weight
; ...................................................................... e e More grid nodes improves the interpolation i particularly in x, Grid size scales with Nx2
= —I * Alittle over half of the time for the standard convolution from to the evaluation of the PDF on
= the grid nodes
=  Scales with 2 x Ny
- 30 40 50 60 80 - (I)z o107 ax10?  Bi0? « NB: don't actually store grids in x and Q2, use transformed variables, eg y = log(x) + k(1-X)
P1(Z)
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Experiment Fosion Energy Process Calculation arxiv link to paper details and grids A P P Lfa St te St

type
B

ATLAS pp 7 TeV ;j:\tl-_:gG- NNLOJET 1410.8857 applfast-atlas-1jet-r06-dev-ap-arxiv-1410.8857 g rlds
applfast-atlas-1jet-r06-dev-ap-arxiv-1410.8857-xsec00!
applfast-atlas-1jet-r06-dev-ap-arxiv-1410.8857-xsec00

ATLAS PP 7 TeV 2:5:?:6' NNLOJET 1410.8857 applfast-atlas-1jet-r06-dev-fn-arxiv-1410.8857
applfast-atlas-1jet-r06-dev-fn-arxiv-1410.8857-xsec00(

ATLAS pp 8 TeV ZJ-dev-ap NNLOJET 1512.02192 applfast-atlas-zj-dev-ap-arxiv-1512.02192
applfast-atlas-zj-dev-ap-arxiv-1512.02192-xsec000.roof
applfast-atlas-zj-dev-ap-arxiv-1512.02192-xsec001.root
applfast-atlas-zj-dev-ap-arxiv-1512.02192-xsec002.roof

ATLAS pp 8 TeV ZJ-dev-fn  NNLOJET 1512.02192 applfast-atlas-zj-dev-fn-arxiv-1512.02192
applfast-atlas-zj-dev-fn-arxiv-1512.02192-xsec000.tab.¢ ’ ApplfaSt has made available several test grids, on the

ploughshare platform ...
applfast-atlas-zj-dev-fn-arxiv-1512.02192-xsec001.tab.c
applfast-atlas-zj-dev-fn-arxiv-1512.02192-xsec002.tab.¢ * These consist of a Sm_a” nur_an of processgs - Z°
— o | transverse momenta, inclusive jets, and DIS jets

CMS pp 7 TeV dev-ap NNLOJET 1212.6660 applfast-cms-1jet-ptj-dev-ap-arxiv-1212.6660 . These grids are all fully functional, but significantly have
applfast-cms-ljet-ptj-dev-ap-arxiv-1212.6660-xsec000. intentionally reduced statistics, or missing contributions for
applfast-cms-1jet-ptj-dev-ap-arxiv-1212.6660-xsec001. the NNLO calculation parts

CMS pp 7 TeV 1jet-ptj-dev  NNLOJET 1212.6660 applfast-cms-1jet-ptj-dev-arxiv-1212.6660 ¢ I\/Iostly, datasets with ...
applfast-cms-1jet-ptj-dev-arxiv-1212.6660-xsec000.tab « “ap” are applgrid (.root files),

H1 ep 0.319 TeV ptj-dev-ap NNLOJET 1406.4709 applfast-h1-ptj-dev-ap-arxiv-1406.4709

 “fn” are are fastnlo (.tag.gz files)
applfast-h1-ptj-dev-ap-arxiv-1406.4709-xsec000.root

applfast-h1-ptj-dev-ap-arxiv-1406.4709-xsec001.root

H1 ep 0.319 TeV  ptj-dev NNLOJET 1406.4709 applfast-h1-ptj-dev-arxiv-1406.4709 * They are provided for developers to develop and test

, , functionality, but should not be used for physics
applfast-h1-ptj-dev-arxiv-1406.4709-xsec000.tab.gz

applfast-h1-ptj-dev-arxiv-1406.4709-xsec001.tab.gz O
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Some example processes

1V o 10* =
103 NE -
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o 10°F| T No T 107" LO
X 08 p L - ) NNLO
. ],?\Vali\ll?_l:zlje ats).l both APPLgrid and 10 Scalleluncertainty (6P) Appl L &7 NNLOJET 1072 = < NNLO
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— ] ] ] ] ] | ] ] ] ] ] ] ]
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l 6 O 1.6 —
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2 1.3 o = - ;ﬁéﬁjﬁ}l\i;?%;)‘;}:;‘é?é??i‘i‘i‘i‘iilvéiﬁi‘i‘if?ff“.‘i‘i‘i:‘}f‘f‘?}
012 s O;E %
T 1] S - L
* NB: Note the reduced D TO0F Fe %0'65_
statistics for the NNLO ~ 09 S 04 .
contributions 8 0.8 reducedstatsdevelopergrld YRR RIPRIT RIS 0.2 reduced stats deve|oper gnd 0
0.7 = S .
10° () 30 40 50 6070 102 2x102 3x102  5x102
pr jet [GeV] Pl [GeV]
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To look forward to ...

. { CTl4nnlo
107 - B ALLL fus(-NNLOJET | NNPDF31_nnlo_as 0118
e ABMP16 5 nnlo
S R { MMHT2014nnlo68cl
g 10! - g
Q = g
E :' ﬁ’ﬁ....
g -g_ 0-0..’
" 4 1071+ "
0 (48} o-o.‘.
h S e
c . . = -
= CMS 7 TeV Inclusive jets | | I ~
0 arXiv1212.6660 N ~.
Scale uncertainty (6P) | 10-5 - -
163
1.6
g 1.5 1.2 1 Reference PDF: CT14nnlo
s 1.4
py 1.3 c 1.
- H o
=
3 1.0 sl
— 0.9 2 0.
U 0.8
0.7 o
. 3 .
pt jet [GeV] 7 priet[GeV

« Of course with more reasonable statistics the cross sections look very good - the grid closure is typically around 0.1 per mille file for reasonable grid sizes

 Scale variations and evaluation with the full error sets for multiple PDF sets is very fast
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Scale variation - detailed variations for single bins

Vs=7 TeV anti-k_ jets R=0.7

C —
O w . . NNLOJET
?500 - @:7 TeV antl-k.r JetS R:O7 9 s | | | | | | | | I | | | | | | |
_o = NNL(OJET | | I | | | B ®» nopal— 1032 GeV<p <1101 GeV  00<lyl<«05  ----- MF/PT,1=O-5_
> k \\ | i : T D 4 N
@ W, %Y 114GeV<p <133GeV 00<lyl<05  ----- W /P=0.5 - % —h —— P =10—=
o LT \ LO ‘UF/PT:1 - Bl b0 = I_i 1032°<p; léF'{F;‘Ds":z'o :
= NE 8, - s uF/PT=2.O ol (%026 — I B
i e X/ B = 214 4. o o
S O 4 PT'et scale =3 0.00g5 L PTIead scale B
3 s J 3 0%024 — <
= — | XN = D022 — A //ll_,’ll;l}f{_’_&--...__ N
oS 9] N ), . O - 554’.’-’{{ ;’ :';i:'—'lll__ R T N
° L[ X NNLO 1| 0.000p2BEFR 70005 k777 A
5 5 i B 0.0018 _—:
» - 0.0016 |—|-
» . 0.005 —
z0.1)1) 1 0.0014 |—|-
s ol 0.0012 = L ! 1 :
ik o = 2x10~" 3x107"
1 U 1 l 1 |1 | oy \_| .00 —
— 2X1:O SX110 I l l 1 I 1 I 31 41 5' 61 Zl}q/g.r - ] ] | | ] L1 1 | ] ] ] ] | ]
0.2 0.5 1 2.0 4.0 /P8.O 0.2 0.5 1 20 4.0 8.0
MR T MR/PT,'I

 Horizontal axis - renormalisation scale
 Shaded bands - factorisation scale variations from original NNLOJET paper
 Unshaded, hatched bands - a-posterioi scale valuation using the grids

e Scale variations cross checked between both APPLgrid and fastNLO tables - in very good agreement with the full NNLOJET
calculations
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ploughshare.web.cern.ch

XA ploughshare

= &~ i) @ Secure \ https://ploughshare.web.cern.ch/ploughshare/

hosted by CERN Home About Operations Gridsummary Griddownload Searchgrids Code download help Code download Documentation Statistics Contact

Ploughshare

for all your interpolation grid

needs

Ploughshare allows users from the HEP community to share
fast interpolation grids in a standardised way.

PDF fitters and those from the experimental collaborations are
able to upload their validated grids and access the grids of
others quickly and with the minimum of fuss.
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Configuration continued

* Inthe “extra” lookup, the lookup information must be pairs of strings, containing

 The name of the grid file, additional information about that file, if Table in paper is specified, the link to hepdata for that table will be included

» After upload, all the grid files are decoded and automatically renamed into the standard ploughshare naming convention, namely ...

atlas-atlas-dijets-arxiv-1112.6297

preprint id

experiment

submitting group

« Database also distributes a standard combined tgz file containing these grids with a .tgz extension

e (Grids within the tgz file ...

atlas-atlas-dijets-arxiv-1112.6297-xsec000.root

Index of the cross section

within the tgz file
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The XXVII International Workshop on DIS, Torino, ltaly, April 2019

Full analysis records

. B 63 fmcaucdt 6.8 * Fulltitle and abstract
Measurement of inclusive jet and dijet production in pp collisions at /s =

TeV using the ATLAS detector "Ikl
 Journal paper (DOI)

Inclusive jet and dijet cross sections have been measured in proton-proton collisions at a centre-of-mass energy of 7 TeV using the ATLAS ° Preprmt
detector at the Large Hadron Collider. The cross sections were measured using jets clustered with the anti-kT algorithm with parameters R=0.4 . Inspire
and R=0.6. These measurements are based on the 2010 data sample, consisting of a total integrated luminosity of 37 inverse picobarns. Inclusive

jet double-differential cross sections are presented as a function of jet transverse momentum, in bins of jet rapidity. Dijet double-differential cross o HepData

sections are studied as a function of the dijet invariant mass, in bins of half the rapidity separation of the two leading jets. The measurements are
performed in the jet rapidity range |y|<4.4, covering jet transverse momenta from 20 GeV to 1.5 TeV and dijet invariant masses from 70 GeV to 5 ° Table with all available grids
TeV. The data are compared to expectations based on next-to-leading order QCD calculations corrected for non-perturbative effects, as well as to

next-to-leading order Monte Carlo predictions. In addition to a test of the theory in a new kinematic regime, the data also provide sensitivity to

parton distribution functions in a region where they are currently not well-constrained.

e This information is determined

link to full tarball automatically from the required preprint

journal: Phys.Rev. D86 (2012) 014022 ( doi: 10.1103/PhysRevD.86.014022 ) ID when you upload grids

arxiv: 1112.6297
inspire: https://inspirehep.net/record/1082936
HepData: https://hepdata.net/record/ins1082936

* For grids with no corresponding paper,

links to specific hep data table a dummy arrive number arxiv:
0000.00000 can be used
Physics Beam

Experiment rocess ener Calculation directlink  Users will be able to provide an
i gy additional HTML fragment in the tgz file
if they require

ATLAS pp 7 TeV  NLOjet++ atlas-atlas-dijets-arxiv-1112.6297 tarball
atlas-atlas-dijets-arxiv-1112.6297-xsec000.root :: Table 19 : d2sigma/dm_{12}dy* [pb/TeV], Anti-kT R=0.4, 0.0<y*<0.5
atlas-atlas-dijets-arxiv-1112.6297-xsec001.root :: Table 20 : d2sigma/dm_{12}dy* [pb/TeV], Anti-kT R=0.4, 0.5<y*<1.0 * Inthe case of no available preprint the
atlas-atlas-dijets-arxiv-1112.6297-xsec002.root :: Table 21 : d2sigma/dm_{12}dy* [pb/TeV], Anti-kT R=0.4, 1.0<y*<1.5 HTML _fragment will be used as the
atlas-atlas-dijets-arxiv-1112.6297-xsec003.root :: Table 22 : d2sigma/dm_{12}dy* [pb/TeV], Anti-kT R=0.4, 1.5<y*<2.0 anaIySIS record ...

atlas-atlas-dijets-arxiv-1112.6297-xsec004.root :: Table 23 : d2sigma/dm_{12}dy* [pb/TeV], Anti-kT R=0.4, 2.0<y*

atlas-atlas-dijets-arxiy1112.6297-xsec005.root :: Table 24 : d2sigma/dm_{12}dy* [pb/TeV], Anti-kT R=0.4, 2.5<y*<3.0
atlas-atlas-dijgd@Farxiv-1112.6297-xsec006.root :: Table 26 : d2sigma/dm_{12}dy* [pb/TeV], Anti-kT R=0.4, 3.5<y*<4.0

optional grid desciption

links to individual grids

M. Sutton - Recent developments with APPLfast - NNLO
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Grid download library - basic example

* Afew lines in the code will create the ploughshare instance

 Any requested grids are automatically downloaded if they are not already Grid download Search grids Code download help Code download
present locally ...

"ploughshare/ploughshare.h”
"appl_grid/appl_grid.h’

int main() {
ploughshare p;
p.verbose(true);
std::cout << "path: " << p.path() << std::endl:
p.fetch( "atlas-atlas-z0-arxiv-1612.03016" );

F

std::cout << "dataset path: " << p.path("atlas-atlas-z0-arxiv-1612.03016") << std::endl;
std::cout << "dataset grids: " << p.grids(“atlas-atlas-z0-arxiv-1612.03016") << std::endl;

std::vector<std::string> grids = p.grids("atlas-atlas-z0-arxiv-1612.03016" );
for ( size t i=0 ; i<grids.size() ; i++ ) {

appl::grid g(grids[i]);
}

return 0;
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subroutine pl

Grid download library - o1ictt none
fortran interface C—— ploughshare return stuff --

character*1024 gridpath

integer ngrids
* Fortran interface acts the same way as the c++ interface but with a o function protoypes —-
caveat integer fetch

: : . integer getnbins
* Since fortran can not store separate classes, the list of grids is not

returned in a vector, but the path is returned by requesting each Com= grid output paths - allow up to 20 grids in this example --
grid path individually character paths(20)*1024
C—-— odds n ends --

integer i, j
C—- this is the counter - it is automatically incremented
C—- whenever a new grid is opened ...

integer tgrid

tgrid = 0

C=e fetch the ploughshare dataset --
ngrids = fetch( "atlas-atlas-dijets-arxiv-1312.3524" )

C—- read in all the grids --
do i = 1, ngrids
C—- get the full path to specific grid in the data set --
call getgridpath( "atlas-atlas-dijets-arxiv-1312.3524", i-1,
& paths(i) )
write (6,*) i, paths(i)
C—- read in the grids as usual --
C—- tgrid is automatically incremented when reading the grid
call readgrid( tgrid, paths(i) )

end do

end
M. Sutton - Recent developments with APPLfast - NNLO 15
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atlas-atlas-dijets-arxiv-1112.6297 - Dijets anti-kT: Tables 19-27 (R=0.4) and 28-36 (R=0.6)

atlas-atlas-dijets-arxiv-1312.3524 - dijets anti-kT: Tables 4-9 (R=0.4) and 10-15 (R=0.6)
atlas-atlas-incljets-arxiv-1009.5908v2 -Inclusive jets anti-kT: Tables 1-3 (R=0.4) and 4-6 (R=0.6)
atlas-atlas-incljets-arxiv-1112.6297 - Inclusive jets anti-kT: Tables 5-11 (R=0.4) and 12-18 (R=0.6)
atlas-atlas-incljets-arxiv-1304.4739 - Inclusive jets anti-kT: Tables 4-10 (R=0.4) and 11-17 (R=0.6)

- Inclusive jets anti-kT: Tables 3-8 (R=0.4) and 9-14 (R=0.6)
nus data for the asymmetry, vs lepton rapidity: Tables 24 (W- -> | nubar) and 25

atlas-atlas-incljets-arxiv-1410.8857

data vs lepton rapidity: Table 12 (W- -> | nubar) and (W+ -> |bar nu)
on: Table 23 (Z(
on: Tables 13, 1

ploughshare p;

// selection: type='pp'

General

A
- ].w

Group Experiment Energy (in TeV) Type (ep, pp etc)

Process (incljets, Z0, Wpm etc) Calculation Order (LO, NLO, NNLO) Arxiv

Search

p.fetch("atlas-atlas-dijets-arxiv-1112.6297");
p.fetch("atlas-atlas-dijets-arxiv-1312.3524");
p.fetch("atlas-atlas-incljets-arxiv-1009.5908v2");
p.fetch("atlas-atlas-incljets-arxiv-1112.6297");
p.fetch("atlas-atlas-incljets-arxiv-1304.4739");
p.fetch("atlas-atlas-incljets-arxiv-1410.8857");
p.fetch("atlas-atlas-wpm-arxiv-1109.5141");
p.fetch("atlas-atlas-wpm-arxiv-1612.03016");
p.fetch("atlas-atlas-z0-arxiv-1109.5141");
p.fetch("atlas-atlas-z0-arxiv-1612.03016");
p.fetch("fastnlo-cms-dijets-arxiv-1703.09986");
p.fetch("fastnlo-cms-incjets-arxiv-1512.06212");
p.fetch("fastnlo-cms-incjets-arxiv-1605.04436");

selection: type='pp'

number of grids per dataset --
integer ngrids(13)

function protoypes --
integer fetch

Search facility

ngrids (1) fetch("atlas-atlas-dijets-arxiv-1112.6297")

° Detalled Search faClllty |S aISO avallable nng:.ds(Z) = fetch(:atlas-atlas-c.lijeit.s—arxivT1312.3524") )
ngrids(3) = fetch("atlas-atlas-incljets-arxiv-1009.5908v2")
. . . . . . ngrids(4) = fetch("atlas-atlas-incljets-arxiv-1112.6297")
° Prov|des baS|C I|St Output Wlth |nf0rmat|on ngrids(5) = fetch(:atlas-atlas—:i.nclj:ets—arxz:.v—1304.4739:)
ngrids(6) = fetch("atlas-atlas-incljets-arxiv-1410.8857")
. . . . ngrids(7) = fetch("atlas-atlas-wpm-arxiv-1109.5141")
* Also provides output in forms directly usable as code fragments for either ngrids(8) = fetch('atlas-atlas-wpn-arxiv-1612.03016")
ngrids(9) = fetch("atlas-atlas-z0-arxiv-1109.5141")

ngrids(10) = fetch("atlas-atlas-z0-arxiv-1612.03016")

ngrids(11l) = fetch("fastnlo-cms-dijets-arxiv-1703.09986")
ngrids(12) = fetch("fastnlo-cms-incjets-arxiv-1512.06212")
ngrids(13) = fetch("fastnlo-cms-incjets-arxiv-1605.04436")

FORTRAN or C++

 May extend the functionality to include command line or C++ interfaces
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Great expectations ...

Initial proof of concept code is fully functional

* Fast convolution, including the full renormalisation and factorisation scale variations are complete and have been tested

Some full statistics grids for LHC processes have been produced, others are underway

* Limited statistics fully NNLO grids for a number of LHC cross sections have been made available in both APPLgrid and fastNLO formats

* The next few years will be an extremely interesting time for grid technologies, already fits using full NNLO calculations are possible - see presentations from Daniel Britzger
and Mandy Cooper-Sarkar

* Fits including HERA inclusive data, and jet data, and LHC cross sections at full NNLO precision should be here very soon, and then What larks!
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Afterword: ploughshare notification twitter stream ...
@ Home  [Onotifications ) Messages ] Search Twitter Q 2 m
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 ploughshare related notifications will be
posted to the ploughshare twitter
stream

P~ 4

Tweets Followers

2 3

Tweets Tweets & replies

hep-ploughshare

@HPloughshare s hep-ploughshare @HPloughshare - Nov 29 v
! : : a Test grids for several NNLO processes calculated with NNLOJET are now

For all your interpolation grid needs .

available for developers - see ploughshare.web.cern.ch/ploughshare/do...

Joined October 2018 O ;| L/ ™

Tweet to hep-ploughshare #5 hep-ploughshare @HPloughshare - Oct 18 v
< 4

For all your interpolation grid needs
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