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fastNLO

Motivation

» Calculation of jet cross sections in higher orders are time
consuming

» Often: Calculations have to be repeated for same
measurement but different PDFs or o, (e.g. PDF uncertainties,
scale variations, etc...)

» Inclusion of jet-data in a fit (e.g. PDF or a,) requires very fast
recomputation of almost the same cross sections

e e st 0
- fasiNLO
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fastNLO
fastNLO concept

» Jet-production cross section in DIS

1
o= [dxal (1), (&t 1) (% 147

a,n o

» Introduce interpolation kernels for 'x' using Eigenfunctions E;(x)

(9 O £,00) BV (¥

» Single PDF is replaced by a linear combination of interpolation kernels

More features of fastNLO
e.g.Scale interpolation, PDF reweighting, scale independent contr., etc..
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Jet production In diffractive DIS

Jetproduction in diffractive DIS (t=0)

1 1 e(k) e(k’)
0 = Z_’-dxmjdzlpag ¢, Lo (Xip, Zip, 141 ) Y(q) ”
a,n o 0 M,
>
X
z\P xl}
Standard method of calculating NLO p(P) "
cross sections: 'Slicing method' = _>Y(P')

» Riemann-Integration of dx,,
» Discretize the x range into k bins (k~10)

» Repeated cross section calculation with
reduced hadron energy for each slice of xp
» fixed value of X ;
» At reduced center of mass energy of
sqrt(s) = Xp-4E-E,
> slice-width Ax;

12 Xz bins, log scheme

=== hin center

1

_[dx|p fIP/a(XIP,i )06 (Xip) DZAXM fIP/a(XIP,i )06 (Xip)

0

=0

1091p(%;p)
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Jet production in diffractive DIS

Perturbative coefficients have only dependence on m omentum
fraction

» No direct dependence of the two
momentum fractions x; and z

» Each slice calculates basically same
coefficients c

» Factorization is independent of
Incoming parton

Perform x o-Integration a-posteriori

Calculate one fastNLO table with
hadron energy = proton energy
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Proof of concept

Compare two cross section calculations
for one single fixed x | slice at

Cross section contribution with reduced
CME (standard slicing method)

Hadron = Pomeron

E, = Xp-Ep

Calculate matrix elements using proton
energy (new method)

Hadron = Proton

E,=E;

Compare z » dependent cross section
contribution

ZIP = Xhadron
ZIP - Xhadron/XIP <1

Xnadron P€ING the momentum fraction of the parton
wrt. to the incoming hadron (Pomeron) momentum

do/df(z )
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Cross section contributions

_____ Leading order
_____ Leading order

H1 Diffractive Dijets
Xip = 101®
MXp=1

fastNLO

ME calculated at E | =X Ep
ME calcualted atE | = E;

107
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Jets In diffractive DIS with fastNLO

1. Fixed center-of-mass calculation
» Calculate only one fastNLO table at proton energy E,
» Increased number of x-nodes in low-x region

2. Adapt the slicing method
» Define arbitrary X slicing
» Calculate cross section by Rieman-integrating X
» Integrate x wrt. E,
» Formulae calculated properly by Federico !!!

Xip k

O-n,a :ZAXIP,k j = 0’2 ‘O(X) ja(XIP,k’ZIP = nuf)
K 0

Xip k Xip k

Integral becomes a standard fastNLO evaluation

Upper integration interval needs to be respected properly
» X-integration runs over discrete x-nodes

» Uppermost x-node is weighted according to its range inside/outside of the
Integration interval

FastNLO procedure improves previously used approach
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Code example for pre-calculated fastNLO table

I/ FastNLO example code in C++ for reading
[/ H1 diffractive dijets dP* T,1
/[ Eur.Phys.J. C70 (2010) 15

FastNLODIffH12006FitB fnlodiff( "fnhd1012.tab" );
fnlodiff. SetXPomLinSlicing( 30, 0.0, 0.1 );
vector<double> xs = fnlodiff. GetDiffCrossSection() :

// optional printout
fnlodiff.PrintCrossSections();

// output
* This is a single-differential table in p*_T,1.
%
* — p* T,1 - - Bin - -- XS-FNLO --
* 4.000 - 6.500 O 9.4173e+01
* 6.500 - 8500 1 6.6364e+01
* 8.500 - 12.000 2 1.6610e+01
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Application: Scale study

Dijet production in diffractive DIS

(H1) =r0c72 2012) 1070

» Calculations available for
- do/dQ2
- doldp*; ,

» Possibility to derive by restricting xp
Integration interval

- do/dx

Full fastNLO features accessible
» Scale studies are easily possible
» Compare various scale choices
» Interface various DPDFs
» Direct access to k-factors

H
o
R

*

do/dP., [pb/GeV]

10

NLOOc, _,[Oc

__________ NLOUOc, . Oc

had P dis

had P dis

——e—— H1 Diffractive Dijets (EPJ C72 (2012) 1970)

. using p?= (Q2+<pi>) /2

. using p2= Q2+<p$> (publ. choice)

————— NLOUOc,400¢; 4, Using p? = <p2>

—— NLOOg, ,Oc,, . using p?=Q?
—————— LOUIC4HCh giss
|
H12006 Fit B
O, (MZ) =’'Pythia’ e
— nlojet++ (nf=4) |
~ |
— I R
= |
* 10
P, [GeV]
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Test scenario: Diffractive Dijets dQ?

two central jef Data Is identical

N; L Red daShed I|neS ——e—— H1 Diffractive Dijets (EPJ C72 (2012) 1970)
O should be identical O e 0 RO
(_D '1 D 8. OO NLOUc, ,Uc, s Using M2 =Q +<p-> (publ. choice)
— E E —— NLOUOg, ,40cp 4 Using P2 = <p12_>
'g- B — 27777 EI(I;ZDchaDdDCP siss USING 12 = Q2
e, 3 =
5 1 g S 10—
B : f ~ F
o " ¥ H1FPS Data g i
q L. NLO Fit 2007 Jets S I
10" - NLo Fit 2006 B HI2006FitB = =
- | | | 1E o, (M) = Pythia ]
R 5E - E nlojet++ (nf=4) s
C | | | | | | | | | | ] ] ] L1 ] ] ] ] ] ] L1
0 50 100 10 17
5 5 Q* [GeV?]
Q" [GeV]

Small differences
» Automatic (but wrong) nlojet++ interpolation of NLO subtraction terms
» Jet-finder recombination scheme (~1%)
» Different (but very fine) xIP (and dxIP) slicing (~0-2%)
» Limited statistic (26x6-106) vs. very high statistic (2-1010) (<1%)
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Which slicing Is preferred?

10°

do/dlog 10(xIP) [pb/1]

10°

H1 Diffractive Dijets (EPJ C72 (2012) 1970)
NLOOc, ,0c, ., using 2 = (Q2+<pi>)/2
----- NLOOc, ¢, . using p? = Q2+<p$> (publ. choice)
NLO DG4 0C; s USiNG W2 = <pZ>
NLOOc, ,Oc, ;. using 2 =Q?

LO DCha\d DCP diss

,,,,,,,,

" do/dlog 14(Xp)

-2

-1.8 -1.6 1.4 -1.2
log (x )

10" IP

-1

Linear or logarithmic slicing of xIP ?

Both are available

fnlodiff. SetXPomLinSlici

ng( 30, 0.0, 0.1);

fnlodiff.SetXPomLogSlicing( 30, 0.0, 0.1);

Or any other
double xp[] ={...};
double dxp[] ={...};

fnlodiff.SetXPomSlicing( 30, xp, dxp );
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do/dxIP

do/dxIP
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Convergence of slicing method

Study cross section dependence

on number of X  slices

Compare: o 3 Bin 1
linear and logarithmic slicing et .
o |
_ 21.08 Bin 2
Convergence after 10 slices 2 "
Logarithmic slicing seems to B s\ T Bin 2
converge faster } Bin 3
But one must know lowest X Sroall \ oo Bin 3
-> Otherwise bias! B
102
Fluctuations -
> arise from discrete X, aqron o A% 7
Interpolation within fastNLO =

. Linear slicing 0 < x p < 0.1
. Log slicing log 10(-2.3) <x,<01
. Linear slicing 0 < x P < 0.1
. Log slicing log 10(-2.3) <X, < 0.1
. Linear slicing 0 < x p < 0.1

. Log slicing log 10(-2.3) <X, < 0.1

Illllllllllllllllllllllll

> despite (simple) 'smoothing' at 5 10 15 20

upper integration interval at
Xhadron ~ Xip k

25 30 35 40 45
Number of x .-slices

September 12 2012 Daniel Britzger - H1 Collaboration Meeting - Munich

12




What about d o/dz ??

Warning!
No do/dz,, available through
restricting z,, integration interval

| Zip # Gp IN higher orders

I Z,, = Parton momentum fraction
| compared to Hadron (Pomeron)

I &p = Bg; - (1+M;/Q?)
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Summary

New method of calculating
diffractive jet-cross sections was
developed

FastNLO code was developed and
iIntensively tested

FastNLO for jet production in T
diffractive DIS Is ready to use I

3 10°E e

> ;

;a _______________ =
Use it for your analysis or for fits of ] T
diffractive PDFs :
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do/dP; , [pb/GeV]

A

[ERN
o
)

dol/dP’, [pb/GeV]

10

two central jets

+H1F
= NLO
" = NLO

= LO Fit 2007 Jets

H1

PS Data
Fit 2007 Jets
Fit 2006 B

O AN

H1 Diffractive Dijets (EPJ C72 (2012) 1970)
NLOOc, ., 0¢, 4 Using p2 = (Q2+<p$>) /2
NLOOc, ,0c,, . Using p2 = Q2+<p$> (publ. choice)
NLODC, 54 0C; e, USING W2 = <p2>

NLOOc, ,,0¢, 4 Using p2 = Q°

LODC,40Cp giss

H12006 Fit B
O, (MZ) = 'Pythia’
— nlojet++ (nf=4)

v

Diffractive dijets

do/dQ? [pb/GeV?]

A

do/dQ? [pb/GeV 7

—
o

10"

102

10

two central jets

H1

+—es

+ H1 FPS Data
— NLO Fit 2007 Jets
= NLO Fit 2006 B

¥

—_—

0 I I I |5I0| ! |

100
Q° [GeV?

——e—— H1 Diffractive Dijets (EPJ C72 (2012) 1970)
NLOOc, ¢, 4 using p2 = (Q2+<p$>) /2

NLO DChad DCF’ diss

NLODE, 140G, e USING W2 = <p2>

using p2 = Q?

NLO Dchavj DCF’ diss

LODC 44 0Cp giss

using p2= Q2+<pi> (publ. choice)

L <
H12006 Fit B $
= o, (M) = "Pythia’ ]
- nlojet++ (nf=4)
i 1 1 1 1 1 | 1 1 1 1 1 1 1 1 |
10 10?
Q? [GeV?]

C

do/dlog, (X,-) [Pb]

do/dlog 10(xlp) [pb/1]

10°

two central jets

" 4 H1 FPS Data
= = NLO Fit 2007 Jets
- NLO Fit 2006 B

H1

-1

10g,(Xp)

H1 Diffractive Dijets (EPJ C72 (2012) 1970)

|

’ 2. o
NLOOg, . 0c, 4. Using p2=(Q +<pT>) 12

NLO DChad DCF’ diss

NLO D14 ¢, e USiNG W2 = <p2>

using p2= Q2+<pi> (publ. choice)

———— NLOfc,,Oc, ;. using p2=Q?
it LODC 54 0Cp giss
i :
i . t
_ ?
L % o
o
| I
I l
_| [ PN TS N N N RN S SRR R
-2.2 -2 -1.8 -1.6 -1.4 1.2
I X
Oglo( IP)
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Generalized fastNLO concept in v2.0

We know n -dim Weights

o0 B Zj’ > 5” () T (%, 1)as(u) W i i ' 1-dim look-up table

We can use variables from look-up tables for ‘any’ ( > ( ) arb. ext. functions
further calculation (like )

Scale independent weights

‘ new in v2.0 ‘

i u u
W g, M) = @ + |09(6R)50R + |09(6F)0)F -dim Weights

L ! ' 1-dim look- up table
- can be done at evaluation time |____||____.|____

u's are 'freely' choosable functions _
> ( > ( ) arb. ext. functions

We store scale independent contribution ( > ( ) arb. ext. functions
Three tables holding the weights

Further scale-variables -> ¢, need more
dimensions

1) We can choose Wy independently from pc
2) We can choose the functional form of as functions of
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The fastNLO concept

Standard Scenario (days)
Method code = —t ObpF g
4

Scales o, || PDF

Scenario

code
Table FastNLO
Generation Author code
fastNLO [ Or use it within a
Evaluation a, || PDF || Scales ! fitting framework

vy v \4
FastNLO FastNLO _O (Lns
Table Reader S —
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The fastNLO concept

Introduce n discrete x-nodes x 'S x-bins
> with xn< < Xi <__<x0 =1 1 (CEEEETTETET e e eererr e e e e e

> X, Is lowest x-value in each bin
» needs reasonable choice of discretization e.g.

0 III| | IIIIIII| | | | | | | | |IIIIIIIII
1072 10" 0.5 0.9

f (X) = —y/10g,,(L/ X)

—_— i ‘ L | L | I | L ‘ L o LB
' ' i
' '

Around each x ; define n (cubic) Eigenfunction 08 |
Ei(X) 06 |

_j1 =) 04 |
E‘(X")'{o (i # ) a2 |

D> E(x)=1 forallx

Hadron-hadron collision need two dimensions

2D-Eigenfunctions Single Eigenfunction ~ Sum of Eigenfunctions

|5("J)(X1 X,) = E(')(xl)E“)(x ) gy — jets x  Hi(w1, )
1772 2 qqg — jets  plus qg — jets  oc  Ho(ay, x9)
. gq — jets  plus gq — jets o Hjs(xy, xs)

13%13 partonic subprocesses reduce to 7 G —jets  plus  Gig; — jets o Hi(wi, ao)
13x13 7 qiqi — jets  plus  q;,q; — jets o Hs(xi, x2)
qiq; — jets  plus  q;q; — jets o Hg(xy, x9)

Z fl,a()(l’ ﬂf ) f2,b (X 1#1: ) - z H k ()(11 X2 y /vlf ) q.q; — jets plus  Giq; —jets o Hz(xy, x9)

a,b K
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The fastNLO concept

Flatten PDFs by reweighting with simple

function w(Xx)
We choose

w(x) = x¥*(1-0.99x)°

» Improve high-x gluon

> PDF curvatures are reduced for all scales

» Independent of
> w(X)*is absorbed in E

Single PDF is replaced by a linear
combination of eigenfunctions

(9 O 1,00 BV (¥

September 12 2012 Daniel Britzger -
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w(x) ® gluon(x)
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PDF reweighting:  w(x) = x>% (1 - 0.99 x)™°

- Gluon(x, L)

1

L— u= 5GeV — p=20Ge

w(x)*PDF(x)

- ) q(xnpf)
oy Illllll‘ | |I|I|||| | |I|I|||‘
jo* 10® 46= o0

RN
0.5

|
0.9

Xpa rton

cubic interpolation of
reweighted CTEQ6.1M gluon

L3

w(x) =X >° (1 —0.99 x)°

U, = 500 GeV

0.5 0.9

20



The fastNLO concept

With these definitions the cross section reads

i I
= [ [, 0 ()Y G (% Ko s M) (% % )
n k=1

Now express PDF linear combinations  H, by the 2D-eigenfunction

_ j‘dxlj‘ dXZZG': (M)Z C (X0 X5, 1, U )[Z Hk(x(l) X [E(i,j)(xl’ Xz))

Rewrite the cross section

=20 1)y 3 H, (5. %), [ dbc (2 1) EE (%, %,)

k=1 i,]

| ndependent of PDFs and a,
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Last steps

Scale dependence
» Perturbative coefficients are scale dependent
» PDFs and ag need to be evaluated at certain scale values

Introduce interpolation procedure also for scales

» Assume U, = l; _
» Introduce m scale nodes with distances f ('u) - Iog(l 09(4 [,u))

Final fastNLO cross sections
» Define o-table and store it as fastNLO table

G = g (1) D ED (x,%,) 0 E™ (1)

» Contains all information on the observable
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