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Technique of interpolation grids

Motivation
« Any phenomenological study relies on a sufficiently fast I _
repetition of theoretical predictions = Ldi =
— higher-order pQCD predictions are often 'slow' O O R A Ly e
fastNLO and APPLgrid concept oe Ll gt T
 Introduce interpolation kernel (unit operator; lagrange polynomials ! _,,f-';v'
Set of functions f(x) around n discrete x-nodes B
« Single PDF is replaced set of interpolation kernels f f 3

Single Eigenfunction Sum of Eigenfunctions

fulx) =2 fu(x) E" (x)

; 1.25 =
« Improve Interpolation by reweighting PDF '

cubic interpolation of
reweighted CTEQB.1M gluon

£
g 0.75 w(x):x‘e'”2 (1 —0.99 x)3
Scale dependence > sk
« Similar interpolation procedure also for scales 2 oz He =500 GeV

« Two approaches implemented VAV
« 'fixed scales"
Mg and pe are specified during grid generation y
« ‘flexible scale" cluon
Coefficients are fully independent on p; and ¢

Daniel Britzger 2



News on fastNLO and APPLgrid

APPLgrid fastNLO
fastNL.O
« NNLO scale variations « Somewhat im]proved speed for
: : convolution of ep tables
* €p grids validated . a few minor bug fixes
APPLgrid and fastNLO

« New converter: fastNLO - APPLgrid
conversion based on evaluation of grid and filling new grid (by M. Sutton)
Advantage: fastNLO flexible scale tables with scale flexibility, but a bit slower
— APPLgrid with smaller files, once scale is set
In principle:
also fastNLO (flex) » fastNLO (fixed scale) conversion feasible
also APPLgrid — APPLgrid feasible, for instance for faster but less accurate grid
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The Applfast project

Started as common project of NNLOJET, APPLgrid, and fastNLO authors at
QCD@LHC in London

Interface between NNLOJET and fast grid technology - APPLgrid and fastNLO

Aimed to be the least obtrusive as possible for both ends of the interface

e Thorough cross checks and benchmarks between APPLgrid and fastNLO

Intended to be reusable by other theory programs

Outcome of productive meetings
« Careful validation of all ingredients in NNLO

« new developments for fastNLO & APPLgrid

« development of more standardised interfaces, common code, etc...

Daniel Britzger



The nnlo-bridge interface

Standardised interface between generator code and grid codes
« Generator code calls hook functions _ _
- If linked with grid interface, then these functions generate the grids

initialise grid for any 1D histogram
extern void (*appl_initptr)( const int& igrid,
const int& id,
const std::string& gridname,

const int& nbins,
const double* bins );

Fill 1D grid & pass list of weights (scale-independent and scale dependent)

extern "C" void £ill_grid( const int & igrid,
const int & id,
const double & obs,
const double * wt,
const double * coeff )

Write grid to file

extern "C" void write_grid( const int & igrid,
const int & id,
const double & norm )

All additional details passed by 'hook’ functions: scales, x-values, process id, etc...
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Features of Applfast, fastNLO, APPLgrid

Automatic detection of requested process _
Development of technique to get 'scale-indpendent weights' from scale-dependent

calculation - now standard in NNLOJET

Caching of events _ _
Accumulation of different subprocesses for equivalent phase space space point
Automatised optimisation and mapping of sub-channels
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Workflow for NNLO grids

1. Preprocessing:
« Check of interpolation quality
e Short test jobs to check interpolation settings (& optimise if necessary)

2. NNLOJET Warm-up:
« Vegas integration optimisation
« 1 long (multi-core) job per process

3. APPLgrid/fastNLO Warm-up:

« Adapt x- and scale-grids to accessed phase space
(exact strategy differs between APPLgrid & fastNLO)
« Only phase space provided from NNLOJET - significant speed-up

4. Interpolation grid {Jroduction:
« Thousands of parallel jobs

5. Postprocessing:

1) Statistical evaluation and combination of all single NNLOJET file
2; Merge grid-files with weights from step 1)
3) MergeJob to combine all grids and estimate statistical uncertainty

6. Validate, validate, and validate

O(10 h)

O(100 h)

O(100 h)

O(250k h)

O(h)
O(40 h)
O(min)

O(y)
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Validation |

Grid closure
« Define o(grid)/a(nnlojet)

« Test case: ATLAS Inclusive jets @ 13TeV, R=0.6, LO

« Grid closure depends on number of x-nodes for PDF interpolation (see x-axis)
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« Result: No systematic bias — only numerical fluctations
« As expected: Forward more difficult than central;

low-pT more difficult than high-pT (due to large x-range and less nodes per dx)
» 0.1% accuracy typically with about 16-20 nodes
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Interpolation accuracy

Accuracy for fastNLO flexible scale

aNNLO predictions from DiffTop (Moch, Guzzi)

Interpolation accuracy depends on number of nodes for
the x-grid

Sub-permille level easily possible
It is always a trade-off between:

file-size/speed vs. numerical precision

Caveats:

?/namic scale involves an additional grid:
negligible deterioration of closure — but still increase in
file size by factor 4-16
‘unpleasant’ binning (e.g. huge bins and small bins), or
very high y data (high-x convolutes with low-x) is more
challenging, due to rapid change of valence PDFs

fastNLO / DiffTop

fastNLO / DiffTop

Interpolation precision LO
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Cross sections with selected contributions
LO+R+RV
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Scale variations

The full scale variation contribution at NNLO

In NNLO scale variations...
« Mg variation straight forward (although lenghty)

« Mg variation computationally more intense than in NLO

Different options for scale variations are available

'Fixed scale’
« Choice for pr set during grid generation

« Scale variation done by:
Mr) apply formulae for g variation (make use of lower order grids)
He) either generate grids for pre-defined e factors (0.5,1,2), or

perform variation with Hoppet

'Flexible scale'
« Store scale-independet weights in (additional) grids

O, ptp) =@+ 10g(lli)0)R +log(u i o + log® (u i O g + log® (u i )0 +log(u j )log(u i O
additional log’'s in NNLO

log’s for NLO
e Pro: scales can be chosen rather flexible w/o re-calculation of

grid
« Con: larger files and slower convolution, since more grids have

to be evaluated
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Validation ll: scale variations

Scale variations in LO, NLO and NNLO
 underlying histogram from NNLOJET publication
« overlayed histogram from freshly produced NNLO grid

N
8
B

c
@) . .
00 Vs=7 TeV anti-k_ jets R=0.7
o | NNLOJET
% —ER ¥ T T T T T T T T | T T T T | -
(%m%_—_ 114GeV<p <133GeV 00<lyl<05  -—-- u/Pr=05 +
~ iy u/P=1.0 4
o) L F
= CC s 9 w /PT=2 0 _|
- L F ]
§ &ED?‘_— ]
~ L —
Q — —
S [r .
= 30O — —
© [y . .
el 7/ ) e s N S S
20U =
[y -‘\\j\‘-\\ |
Cr R0 %0y, 7
1m9___ | | 1 1 1 | | | 1 T
B 2X1\0 1 3><‘II() 1 1 1 1 1 1 1 2I 3I 4| 5I 6I ZI g
0.2 0.5 1 2.0 4.0 780
pLR/PT

Daniel Britzger

Excellent
reproduction of
native NNLOJET
calculation

12



Validation: (N)NLOJET vs. nlojet++

« Inclusive jets in pp
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e Grid closure O(0.1 per mille): more accurate than numerics of published data table

« PDF error determinations, and PDF fits are reasonably fast
Scale variations very fast for all scale-variation concepts
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grid distribution
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Ploughshare: preface

Preface:
Increasingly, all PDF fitters and experiments use fast interpolation grid

« Many grids are available from many different groups ...
« These grids commonly require a large amount of CPU and personal effort to produce

« not always, the code for grid generation itself is public (e.g. NNLO top production,
NNLOJET)

« LHC/HERA Experiments produce grids in conjuction with the APPLGrid/fastNLO
developers

- these do not have common repositories for their grids...

In view of the new 'NNLO grids’
« significant more commitment in terms of CPU resources is required
« It is still not clear, which grids are available, and from whom they can be obtained

- It would be useful if there were some way to share the grids....

Daniel Britzger 16



Ploughshare: project description

Project objective

« provide a standardised grid repository
and distribution for all available grids from all groups

Common repository

 grids are available from a single webpage
« standardised meta-tags
« searchable webpage

« Possibility to commit new grids through a standardised
interface (for registered persons)

« Very convenient, and easy to ‘commit' updates...

« not only http download available:
basic utility library ﬁC++,Fortran) Is available:
— Automatic download, handling, and caching of grids
within any program

http://ploughshare.web.cern.ch
Main developer: Mark Sutton

Daniel Britzger 17



http:/Iploughshare.web.cern.ch

hosted by CERN Home About Operations Gridsummary Grid download Search grids 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 minimal fuss

© Copyright 2018 Mark Sutton, Bernard Patawah - all rights reserved



Presently publically available grids

Grid summary

Home About Operations Gridsummary Grid download Search grids Code download help

« Experiment, collision, energy

Process: ZJ, jets, Z0 Summary of available grid datasets

L . y y y wws N . , . o , - . . .
We try tO .I:O”OW a COmmon namlng Here are all the uploaded and available grwdfsé;wheyghr;drjahaoase can be searched using the search
convention

[ ] CaICUIatlon’ generator ATLAS pp 7 TeV flliet'R%'dev' NNLOJET APPLfast 1410.8857 ?zgg‘j‘;g;'as'liel"oe'dev'm'amv'
N N LOJ ET’ nIOJ et++’ MCFM’ aM CfaSt s ATLAS PP 8 TeV Z)-dev-ap  NNLOJET APPLfast 151202192 appliast-atlas-zj-dev-ap-aniv-1512.02192

ATLAS pp 8 TeV ZJ-dev-fn NNLOJET APPLfast 1512.02192 applfast-atlas-zj-dev-fn-arxiv-1512.02192
CMS pp 7 TeV 1jet-ptj-dev NNLOJET APPLfast 1212.6660  applfast-cms-1jet-ptj-dev-arxiv-1212.6660
L] G ro u H1 ep 319 GeV  ptj-dev NNLOJET APPLfast 1406.4709  applfast-h1-ptj-dev-arxiv-1406.4709
th e p rOVI d e r Of th e g rl d ATLAS pp 7TeV dijets NLOjet++ ATLAS  1112.6297 atlas-atlas-dijets-arxiv-1112.6297
ATLAS pp 7 TeV dijets NLOjet++ ATLAS 1312.3524  atlas-atlas-dijets-arxiv-1312.3524
ATLAS PR 7 TeV incljets NLOjet++ ATLAS 1009.5908v2 atlas-atlas-incljets-arxiv-1009.5908v2
) arX iV ATLAS PR 7 TeV incljets NLOjet++ ATLAS 1112.6297  atlas-atlas-incljets-arxiv-1112.6297
. . ATLAS pp 2.76 TeV  incljets NLOjet++ ATLAS 1304.4739  atlas-atlas-incljets-arxiv-1304.4739
Stan d ard refe re n Ce fo r th e p u b | I Catl O n ATLAS pp 7 TeV incljets NLOjet++ ATLAS 1410.8857  atlas-atlas-incljets-arxiv-1410.8857
ATLAS pp 7 TeV Wpm MCFM ATLAS 1109.5141  atlas-atlas-wpm-arxiv-1109.5141
D I d | : k ATLAS pp 7 TevV Wpm MCFM ATLAS 1612.03016 atlas-atlas-wpm-arxiv-1612.03016
* Own O a I n ATLAS pp 7 TeV Z0 MCFM ATLAS 1109.5141  atlas-atlas-z0-arxiv-1109.5141

AP P Lg rl d ) fast N LO ATLAS pp 7 Tev z0 MCFM ATLAS  1612.03016 atlas-atlas-z0-arxiv-1612.03016
CMS PR 13 TeV dijets NLOjet++ fastNLO  1703.09986 fastnlo-cms-dijets-arxiv-1703.09986
/ CMS PR 2.76 TeV  incjets NLOjet++ fastNLO  1512.06212 fastnlo-cms-incjets-arxiv-1512.06212
A f t d . f | . d CMS pp 13 TeVv incjets NLOjet++ fastNLO ~ 1605.04436 fastnlo-cms-incjets-arxiv-1605.04436
S O O a'y' a‘ eW exam p e g rl S e H1 dis 920 GeV  jets DISENT fastNLO ~ 1406.4709  fastnlo-h1-jets-arxiv-1406.4709
but ploughshare is now fully

operational!

Daniel Britzger 19



Full analysis records

Measurement of inclusive jet and dijet production in pp collisions at \/E =7
TeV using the ATLAS detector

Inclusive jet and dijet cross sections have been measured in proton-proton collisions at & centre-of-mass energy of 7 TeV using the ATLAS
detector at the Large Hadron Collider. The cross sections were measured using jets clustered with the anti-kT algorithm with parameters R=0.4
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
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
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 Carle 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.

link to full tarball

journal: Phys.Rev. D86 (2012) 014022 ( doi: 10.1103/PhysRevD.86.014022 )
arxiv: 1112.6297
inspire: https:/f/inspirehep.net/record/1082936

HepData: https://hepdata.netfrecord/ins1082936

links to specific hep data table

Physics Beam

Experiment b Calculation directlink

rocess energy

ATLAS 1] 7TeV 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* [pk/TeV], Anti-kT R=0.4, 0.5<y*<1.0
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
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
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-arg-1112.6297-xsec005.root :: Table 24 : d2sigmafdm_{12}dy* [pb/TeV], Anti-kT R=0.4, 2.5<y*<3.0
atlas-atlas-djgdfarxiv-1112.6297-xsec006.root :: Table 26 : d2sigmaf/dm_{12}dy* [pb/TeV], Anti-kT R=0.4, 3.5<y*<4.0

links to individual grids

oughshare

Full title and abstract
Links to ...
* Journal paper (DOI)

*  Preprint
* Inspire
« HepData

* Table with all available grids

This information is determined
automatically from the required preprint
ID when you upload grids

For grids with no corresponding paper,
a dummy arrive number arxiv:
0000.00000 can be used

Users will be able to provide an
additional HTML fragment in the tgz file
if they require

In the case of no available preprint the
HTML fragment will be used as the
analysis record ...

optional grid desciption

Daniel Britzger

20



Ploughshare: API

Home About Operations Gridsummary Grid download Search grids Code download help

Ploughshare API

#include "ploughshare.h"

« Grid download, management
and caching from ploughshare
\A[E}t)F)EigJ(} ploughshare p;

p.fetch("atlas-atlas-wpm-arxiv-1612.0.0.13")

e Fortran and C++ interface

std::cout << "dataset grids: " << p.grids("atlas-atlas-wpm-arxiv-1612.0.0.13") << std::endl;

e More details: std::vector grids = p.grids("atlas-atlas-z0-arxiv-1109.5141");

https://indico.cern.ch/event/761343/contribution
s/3226735/attachments/1770707/2877252/sutt- for ( size t i=0 ; i<grids.size() ; i++ ) {
ploughshare-pdf4lhc.pdf

/// open grids as normal ...

« Ploughshare API could be an appl::grid g(grids[il);
Interesting option for xfitter:
works for APPLgrid and

fastNLO }
ploughshare::dataset t ds = p.dataset("atlas-atlas-dijets-arxiv-1312.3524");
std::cout << "dataset path: " << ds.path() << std::endl;
std::cout << "dataset grids: " << ds.grids() << std::endl;
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Publically available 'dev'-grids

xpt0_sqrts13000_y2 — 10
I | Lo - S B
o R | No 103- & F
- 10
,F’ b NNLO . 102} E ?
] * c _ -
. 10? “Pr‘_ 3, 10 b Q,_102?
5 . < 10° g F
§| 10° 4 PFF’ Hl 10‘1 L frr © 10;—
8 ", 8 102} CMS 7 TeV Inclusive jets ™ ] - ATLAS 8 TeV pt(2)
r . T - .
£ . . £ 103} arXiv 1212.6660 . _ 'S arXiv 1512.02192
2 ATLAS 1$TeV i § J[E e T -
inclusive jets , g 07| L Mo .1 g lw
101 107} ! . oo - NNLO
Scale uncertainty {2P) i 7 = N
sclel ’ g} Scaleuncertanty 6F) 477/ /uZ-NNLOJET ¢ | ""E KINnLO B
_ C L
107 e 107 - o of
2 103 = 18f
14 Y 16 Qo 16 i—
' Y 15¢F ‘g 1aE
S 13
o (U] = E
I =12 = 08F ..
% 1.0 O L1t P i
B v %8 [ ® 0.45—
51 : v 8? [ @ | ozE- reduced stats developer grid ©
2 3 | oLt . . T — . . . P
1 1 ' 03 @ 30 40 50 6070 102 2x10° 3x10®  5x10°
pt jet [GeV] (u) [GeV]

For development and testing purposes
Grids for a number of processes are made available (see following slides)

Grids have by purpose limited statistics, or missing channels
— only reasonable for technical developments
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Summary

APPLgrid and fastNLO grids in NNLO
 grids production is ongoing

ep - jets
« grids for all inclusive-jet and dijet cross sections at HERA available
- they will be made public ~ spring 2019

pp - jets
 grids are being produced...

« first full stat. grids are currently validated
« scale variations
« closure with 'native' NNLOJET calculation
« 'closure' of NNLOJET calculation itself is also tested

- low-stat. grids are presently publically available for testing — We need feedback !

pp - anything else (Z,Z+jets,...)
« Grids can be produced on request

Ploughshare may be used for distribution of grids

New conversion tool has been developed to convert between formats

Daniel Britzger
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@ Storage of scale-independent weights enable full scale flexibility also
in NNLO
-+ Additional logs in NNLO

O, Hp) =0+ 10gﬂui)0)g +log(u i )0 . + log” (Nﬁ ) + log” (u i ), + log(u i ) log(u i ) o
log’s for NLO additional log’s in NNLO

-~ Store weights: wy, wg, Wi, Wer, Wi, Wi fOr order o+2 contributions

@ Advantages

-~ Renormalization and factorization scale can be varied independently and by any factor
¢ No time-consuming ‘re-calculation’ of splitting functions in NLO necessary

= Only small increase in amount of stored coefficients

@ Implementation
-+ Two different observables can be used for the scales
e e.0..H;and p;,.
e ore.g.. prand |y

-~ Any function of those two observables can be used for calculating scales

Daniel Britzger

25



Detailed closure tests

ratio_temp_xptjO0_sqrts13000_y6.tab.gz_Incl

Example: ATLAS 13TeV incl. jets, R=0.6
« Closure of individual contributions 110
« R (real,NLO) i
« VV (double-virtual, NNLO) £
o 1.00 T T—t+T1T
« RRa (double-real (part), NNLO) Lin /
2.5e8 events, >50k CPU hours, | :
3T output files, 2560 jobs ... RRa-channel; 2.5e8 events
! ly| > 2.5
Lokl 5 5 i s
ratio_ RO6_xptj0_sqrts13000_y2.tab.gz 90 ratio_VV_xptj0_sqrts13000_y2.tab.gz_Incl
et R-channel; 4.6 e8 events ot VV-channel o
‘closure’ < stat. precision
1.002 - / 1.002 1
Emoo- NN "\/\/_/\\ i | A 51.000-
0.998 - ) 0.998 -
0.996 - 0.996 -
0 5 10 s 2 25 30 . : " s " > =

Daniel Britzger



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

