fastNT1.0.

Application and Implementation in the H1Fitter

The fastNLO Collaboration

Daniel Britzger , Thomas Kluge, Klaus Rabbertz, Fred Stober,Markus Wobisch
(DESY, Liverpool, KIT, KIT, Louisiana Tech University)

H1Fitter user's meeting
12. 12. 2011



FastNLO concept

« Jet cross sections are very slow to calculate _
-> Need of method forery fast repeated calculationof cross sections

« FastNLO factorizes the cross section calculation foagmosteriori inclusion of pdf's and alpha_s for e.qg.
jet-production

* Introduceset of n discretex,'s

with X, < ..< x <..<x, =1
« Around each x defineeigen functionE®(x) with:

EO) =1, BY(x) =0 (i#]), Z; EO(x) = 1 for all X
 single pdfis replaced by a linear combinatiorigienfunctions
* integrals are replaced by sums

« Better: Usage dbi-cubic interpolation andpdf reweighting

1.25 cubic interpolation of
S 1 reweighted CTEQS6.1M gluon
-
?gn 0.75 w(x) = x 2 (1 - 0.99 x)°
® 0.5
= .
0 SoASZ +
| IIIIIII| L IIIIII| L1 1 IIIII| | | | | | | | |I[|IIIIII
10*  10° 107 107 0.5 0.9
Xgluon
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Example: Comparision of jet cross sectio

fastNLO, arXiv:1109:1310v]1, 2011

inclusive jet production  fastNLO fz
10 4 - * in hadron-induced processes g
« Comparision of jet data . SN W H waoo) ys=200cev PP [
_ STAR @ RHIC | T T T ' * STAR cone 0.2 <|n|<0.8
3]

— H1and ZEUS @ HERA 10 7 Vs = DIS
— CDF and DO @ TeVatron i o el
— CMSand ATLAS @ LHC .. |
o 10 “F Js = 546 GeV coaee ZEUS k; Q% from 125 to 5000 GeV?|s
(D) - B —+—1 (x 80) g
C [ © CDF cone 0.1 <n| <07 %? i pp_bar :
« Data/theory plot ~ | Vs=630GeV Mw
. . _EE e D@ cone 00<n| <05 ¢ L g
o Compatible with NLO pQCD J1o | ¥s=18Tev EURTRRS—, .|
o CDF cone 0.1<n| <07 -
o D cone 00<|nl=05 %
_ [ s =1.96 TeV 2
* First measurements from LHC &G0 chne 0107
T E Vs=7Tev et [{H :
- O ATLAS anti-k; R=0.6 |y| < g
" v ATLAS anti-k; R=04 Jy| < &
e CMS antlk R=05 |y| < <05 =
1 | all pQCD calculations using NLOJET++ with fastNLO: é
10 | e M)=0118 | HERAPDF15PDFs | M= He =Py 5]
- NLO plus non-perturbative corrections | pp, pp: incl. threshold corregtigns (2-loop) g
B | | I | | | | I | | | | | I | | E:_.

2 3
10 10 10
pr (GeVic)
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Scales in FastNLO

* FastNLO tables come with 3 (4)
simultaneouscale variations tables

— e.g. 0.5, 1.0, 2.0 times the nominal
scale [ fastNLO NLO (CTEQ6.6) |

A posteriori scale variation of the 0.2 - Egps=7TeV 7
renormalizatoin scale allows study of | Seale Uneorainty
asymetric scalevariations

— e.g. 6-points: (1/2,1/2), (1/2,1),
(1,1/2), (1,2), (2,1), (2,2)
— avoiding of rel. 'factor' 4. 0

Inclusive Jets

AG /G

 Improvementsinv 2.0
— scales get own dimension
— bicubic interpolation of scale-value to

indep. forp , Y

scale nodes 02 1 | |
_ | Hatched: 2:Point Cvl<05 -
— typically 6 scale nodes ‘Quter Lines: 6-Point 0.0<lvl <03
] ] ] ] L1 ||| ] ] ] ] L 11 ||
— examples_ alre_ady for » ;
e CMSincl. jets 10 10
« DO 3-jet mass p,/GeV
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New concept 'multidimensional scale tabl

Improve FastNLO concept

— Store scalendependentweights Cross section bin 15
— Store several 'scale' look-up tables, e.g.:
A Zeus Dijets Jets @ High Q 2

When evaluating FastNLO cross section: 041
— User carchoose every scale composition 1
from previously stored scales 0397
0.38 ] cum===
R =
T 0374 < =
Also a-posteriori scale variation fayandy 0 36_
are thusndependently possiblghrough .
- W=Gx(QF+pt)/2 0353
— urZ = Cf X QZ 1@

New possibilities for scans of scale
dependence Cs

Examples exist for almosil DIS tables
— accuracy > 0.005% compared to nlojet++ CS

pPp and ppbar concept proven
— much larger tables
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More features of FastNLO v2.0 .

Technicals 0

Automatic scan of smallest x-value
flexible #x-nodes per bin
scale gets own dimension

Arbitrary number of dimensions for
binning of observable

Units

Additional contributions

publication units e.g. pb/GeV
absolute units [pb]

Correction factors
e non-perturbative corrections
« with errors

Data

* including arb. no. of correlated and
uncorrelated errors

« Correlation matrix
Electroweak corrections(calculated?)
New physics contributions

Threshold corrections
» tables are available

Normalization options

Ratio to NLO (CT10) ® NP

Converting tool for v1.4 tables

.12. 2011

New concept of
'multidimensional scale table'

1.5

0.5

store multiple scales

user cartomposescales a-posteriori from

all included variables

speed-up implemented for 'one-scales' (e.g.
in pdf fits)

automated equidistant x-binning in a
function of x

CMS Data

CT10 ® NP, APDF CL68
HERAPDF1.0 ® NP
ABKMO09 ® NP

- A(NP @ Scale)

T
-
1

7
1

'_Z// Z ,,\f\,/““'~___ _________ s {Q§

0 g0000%0 =
...“-.-;.;.'_ E‘;/I/

- CMS L=34pb" Js=7TeV
- Inclusive Jets Anti-k; R=0.5
| 0.0<|y|<0.5

2

20 10 10°
= (GeV)

CMS Note-2011-004
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Release of v2.0

e Release stillthis month !

e Easy installation
— autotools
— No further dependencies (exc. LHAPDF)
— No ROOT
— No CERNLIBS

 C++ and fortran reading tools
— both 'universal' for all v2.0 tables
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What's on today's door?
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FastNLO in H1Fitter
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FastNLO in H1Fitter

(R TR T gL

v @ hifitter-0.1.0 FastNLO classes

— FastNLOReader.cc

.
[ ]

» Bl tools
o ,L;J o — FastNLOBIockB.cc
- - Y — Alphas.cc
. E — : «  Wrapper
o R —  FastNLOlnterface.cc
* Ll minuit
* W Input steering «  FastNLOlnterface
) [-;J s — map<int, FastNLOReader*> gFastNLO_array;
* [ FastNLO — fastnloinit_(const char *s, const int *idatasemst char *thfile )
» I;I DY — fastnlocalc_(const int *idataset, double *xsec)
[ datafiles
* Ll bin « Data card
h I_I E’T &Data
* [ include Name = 'CMS inclusive jets'
| REFEREMCES Reaction ='FastNLO jets'
README
1 NDATA = 176
configure.ac NColumn = 10
| Makefile.am ColumnType ='Bin' , 'Bin’, 'Bin', 'Bin’, ' Bin', 'Bin’, 'Bin'
S steering.txt ,'Sigma'’ ,'Error','Err(_)r' _
= N ColumnName = 'EtaBinNumber’, 'pt', 'ymin','ymax’, 'ptl', 'pt2',
=1, PRI 15 Tac ‘NPCorr','Sigma’, 'stat’ ,'uncor’
= ewparam.txt Ninfo =1

Cinfo ='sqrt(S)'

IndexDataset = 77
TheoryInfoFile = 'theoryfiles/fnl2342b.tab’
TheoryType ='FastNLO'
Percent = True, True
&End

12. 12. 2011 11940051621 14197607 0.6 1285
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Technicals

(R TR T gL

¥ @ hlfitter-0.1.0 e FastNLOInterface
* | tools
» [ theoryfiles _
e fnloreader = new FastNLOReader( thfile );
* W SrC
P W output fnloreader->SetPDFInterface(FastNLOReader::kH1FITTE R);
b i__J minuit fnloreader->SetAlphasEvolution(FastNLOReader::kQCDN UMInternal);

- _ fnloreader->SetScaleVariation(iscale);
# || input_steering

> [l HS I/ switching non-pert corr off
» [ FastNLO fnloreader->SetContributionON(FastNLOReader::kNonPe rturbativeCorrection,0,false);
b |;| oY fnloreader->SetContributionON(FastNLOReader::kNonPe rturbativeCorrection,1,false);
» [ datafiles fnloreader->SetUnits(FastNLOReader:: kPublicationUn its);
» [ bin
b E RT gFastNLO array.insert(pair<int, FastNLOReader*>(*id ataset, fnloreader) );
* [ include
“ REFERENCES e [eatures
_| README — useconsistent alpha_s evolution than QCDNUM
configure.ac (nf, th. matching, n-loop, MZ)
| Makefile.am
=] steering.txt .
B  Necessary for input card
= ewparam.ixt — Set scale information
dowvaen.cfo — CS In publication units or absolute units???

e HI1Fitter rule??
— Threshold corrections ON/OFF
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Results HERAPDF1.0 vs. @
HERAPDF1.0 + CMS incl. jets

xD, xd
¥

xP{x})
¥P{x)

xP{)

xPx}

HeraPDF1.0 + CMS

0.4

HERAPDF1.0 Reference
output. HERAPDF10.ret.NLO.bands

0.2

QA2 = 4.00 GeV*

ralio
o »

X1
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I A Iy ey, g ~~ m\

CMS jets impact on PDF experimental

e

aP{x)
AP{x)

xD, “'...

# P x)

effect from
da— CMS jets
s inclusion
g
Scenario 1
) No CMS jets
E‘l Qz — 4.00 GE“E
Experimental error decreased for high-x gluon
Krzysztof Nowak, High Pt Meeting, 03.11.2011 11
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Including DO Incl. jets @ NNLO .

: : DO, arXiv:0802.2400
e using DO jets

* Including threshold corrections O(nnlo)

% . XU, xu, &

D, xd,

04

02 —

HeraPDF1.0 + DO (incl. th. corr)

"HERAPDF1.0 @ NNLO"

Q2 = 4 GeV2
= A N Chi2/ndf = 752.9 / 692
10 0~ 10 10° Xi 10 ' 10° 10" x1 Ch|2/ndf (DO) — 750 / 110
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‘Which X-region do we test with jet dat

« E.g.H1dijets @ high @
— fourbins: e low @ is mostlygluon induced
* lowand high @ « High Qis mostlyDelta induced

e low and high <pt> , , :
. Only three contributions in DIS * 'low' x-region only at low <pt> and lowQ

 Gluon, Delta, Sigma induced processes

| 150 < @* < 200 GeV?, 7.000 < p_< 11.000 GeV | | 150 < @*< 200 GeV?, 30.000 < p_< 50.000 GeV |
’S —“
S 0.006 Dijets_dQ2dPt 5
5 = 10

Total cross section
LO contribution 8
Gluon induced cont.
2 induced cont.

0.005

0.004

6
0.003

0.002 4

0.001 2

(=]

0

1072 10 X 102 10 X

5000 < Q° < 15000 GeV?, 7.000 < p_ < 11.000 GeV 5000 < Q? < 15000 GeV?, 30.000 < p_ < 50.000 GeV

101 X 107 101 X
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Can we do the same for CMS Incl. je

CMS L = 34 pb™ (s =7 TeV : : :
et T " |3|/|<(I).E'; (><312|5) e CMS !nCIUS|Ve JetS
1010 o 0.5<]y|<1 (x625 e 176 bins
10° = 1<|y|<1.5 (x125) o _
S 8 o 1.5<|y|<2 (x25) * 6 rapidity regions
(CB , 2 2<|y|<2.5 (x5)
= ::86 a 2.5<|y|<3
o
g 10°
= 4 - 1,1 -
S 1o e To which 'x'-regions
2 .
£ 102F oo and to which pdfs are
10 (PDF4LHC) we sensitive to??7?

18 [ Expt. uncertainty °

107" F Anti-k; R=0.5
20 30 100 200
P (GeV)

CMS, PRL 107, 132001, 2011
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Can we do the same for CMS Incl. je

* In FastNLO we replace x-integrations by sums eyarodes

« Basically 13x13xpxn, contributions to the cross section
— reduced to 7(6)xmn, /2 cont. in FastNLO

o Still
— Cross section can be written for FastNLO like

Ogin = ZnZpZyaxe ( PAI(FL,X1) x pdf(f2,x2) x A )

— with A(f1,f2,x1,x2p, 1) = G50 % @

; .-----------------.
&jl..................
HLIIIIIIIIIIIIIIIIIII

lN"l-----------------l
il

; .-----------------.
&jl..................
HLIIIIIIIIIIIIIIIIIII

lN"l-----------------l
il

e —— - N — . I — - T ™ T .
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Can we do the same for CMS Incl. je

* In FastNLO we replace x-integrations by sums eyarodes

« Basically 13x13xxn, contributions to the cross section
— reduced to 7(6)xxn /2 cont. in FastNLO

e Still
— Cross section can be written for FastNLO like

Ogin = ZnZpZyaxe ( PAI(FL,X1) x pdf(f2,x2) x A )
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Can we do the same for CMS Incl. je

N AR

o Y EEEEEEEEEEEEEEEEEE
I EEEEEEEEEEEEEEEE

_ ‘)( _ N EEEEEEEEEEEEEEEEEEE
| 1,1 EEEEEEEEEEEEEEEEEEE

i -
'‘EEEEEEEEEEEEEEEEEEE
':’i;;gIIIIIIIIIIIIIIIIIII X A X f ‘ X
A IEEEEEEEEEEEEEEEEEE | 1,1
N NN EEEEEEEEEEEE

EEEEEEEEEEEEEEEEEEE
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X-dependent contributions

6

x10
560 ~ —¥— Ubar
:-E . Dbar 0.00 < |y| <0.50
CMS inclusive jets ° 1 "‘3’“““ 18.0<pt < 21.0GeV
Low pt region O w0 *
Central rapidity
40 N
* 'Integral’ of all contributions 18, i
* negative contributions from 30l
cancellations (?) I
* This Bin >0l
— testing PDFs up to 10 i
— no sensitivity to high x region I
— process mostly gluon dominated 101~
e but what kind of gluon process? :
ol vl
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/‘gE:s’i What kind of contributions?

N

3 3 6

x10 x10 x10
%00 —%— Sum of all processes %00 gabar, ->jets %60
© —— gg -> jets 5 —— qggbar ->jets S
° [ ——ag ->ets © gq -> jets (x | <xg) ©
000k —— a4, -> jets 3000F . gq->jets (x | >Xg) S0

1500

1000

500

500
0 0 - . 0 -
10 10" 1 10 10* 1
X X
5] some gq and qg
U c All flavor types in bin 1
; ; contrubution il
x10 x10 x10
5 : g i 601 —¥— Ubar
S ok 5 [ 0.00 < |y| < 0.50 - v b
S [ 0o 18.0< ptjet < 21.0 GeV - —¥ gluon
C B 50F D
3000 i ¥ U
- 2000 [
2500 i aor
2000 1500 30f
1500 [ [
. 1000 | 20
1000 -
C 500 10F
500
0 0 L - : ¥ .
102 10™ 1 102 10* 1
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0R35

0.02

0.015

0.01

0.005

0.15

0.1

0.05

Central Ra

—¥— Sum of all processes
—— gg -> jets

— qiqj -> jets
——q4q ->jets

3 2

10 10

)
=

10° 102

12.12. 2011

0.025

0.02

0.015

0.01

0.005

(€]

o doldig)

0.4
0.3

0.2

diq,

pidity - Hi%l;l

quar -> jets
—q qbar -> jets

gq >Jets (x g <Xgq)
. ggq->jets (x : >Xq)

-1

10 107 10 1
X
N 0.00 < |y| < 0.50
[ 846.0 < ptjet < 1684.0 GeV
B [l IIIIIIII [l IIIIIIII [l L1l
10° 107 10 1
X

pt Jets

o1

A
S
o]
S

iN

3 2

10 10

All flavor types in bin 34

.6 —¥ Ubar

~V— Dbar

—¥— gluon
D

o doldi)

5

!

0.3

0.2

0.1
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0.2
0.15
0.1
0.05 |
o 1 IIIIIIII 1 IIIIIIII L1 1111l Y
10™ 1
X
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.®
DESY

7))

£ | —=— sumofall processes Lt g.gbar -> jets
BO8F —— gg > jets e — q,qbar, -> jets
° B qd -> jets S L gg->jets(x o < Xq)
0.07F —— qq, ->jets ogf —— 99> ets (¢ > xg)
0.06 - i
. 0.08
0.05 i
0.04F 0.06 [~
0.03F -
: 0.04
0.02F -
- 0.02|
0.01 B
O:I IIIIIIII L1 111 O-I IIIIIIII L1 111
10° 10” 10 1 3
X
o]
251
s°F 2.50 < |y| < 3.00
8 [ 3000< pt,, < 468.0 GeV
2 l—
15+
0.2 1
0.1F 0.5
O-I IIIIIIII L L1111 O-I IIIIIIII L i1l
10° 10 10° 2 10° 102 10°

Forward Region - High pt Jets

Q
c
o
=

_do/df)
I

[N

AN

10° 107 10 1
X
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Conclusion

e FastNLO * Todo
— V2.0 is (almost) released — Some parameters should be
— new v2.0 tables become available implemented in steering
— vl.4 tables are converted into — Cross sections in pb or
'new' table format pb/[BanIdth] In H1Fitter ?

— new concept for |
multidimensional scale tables  Open questions

— Which scales should be used?

 FastNLO + H1Fitter — How to determine 'theory unc.’
— C++ version (pre-release) is from scale variations
implemented in H1Fitter » how to do It for multiple jet
— universal interface to all cross sections (DIS,pp,ppbar?)
FastNLO tables — How to treat theory uncertainty?

e Fit with +/- scale variation ->

* pp, ppbar, DIS tables additional pair of pdf-error-set ?

— Alpha_s evolution is identical
with QCDNUM

— NNLO fits with jet data (incl. thr.
corr.) is principally possible
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l‘/

DESY Forward Region - Low pt Jets

7))

Q
5
x
S
o

10° 107 10 1

X

All flavor types in bin 155

x10° x10° 16
P00 —w— Sum of all processes 1%00 [ g,gbar, -> jets Z
o . o
° ——gg ->jets 5 [—4 qbar -> jets S16
FO00F ___qq ->jets c [ gq -> jets (x | <X,) °

o qq, -> jets 1000 . gq -> jets (X 0> Xq) 14
[ 12
500 800 ~
[ 10
400 i
600 8
300 i
400} 6
200 : A
100 : A 200 )
04 f— r \ : 0
-100E1 ||||||| 1l Iowest X ETTIT A 2N BN R R R R B R R T -2
10° 10 . . 10° 10 10™ 1
contributions x
o]
3

x10 x10
Sl B[ z!8
S I 5 [ 2.50 < |y| < 3.00 5
Bool 8 [ 180<pt, < 21.0GeV 816

: 2500 N 14

L : 12
1500} 2000~

[ - 10

[ 1500 8
1000}~ X

I X 6

I 1000

R - 4

500} X
[ 500 2
! X 0
0 ,

0 1 il T -2

10° 10 10™ 1 10° 10 10™ 1

X X

12. 12. 2011

X
iy
(@)

oY

—¥— Ubar
~V— Dbar
—¥— gluon
D
—“u

10" 1
X

10° 107
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