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Deep-Inelastic Scattering

A
Elektron
Kinematics x, Q2 can be measured from the detected particles

Charged current interactions also accessible (neutrino in the final state)

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012



Deep-Inelastic Scattering

e(k) e(k") ‘—?(AQ v(k")

NC ¢+, Z%(q) cC it
" W=(¢
p(P) \ (9)

X (P') p(P)  AN—
\‘/\\ \’\.X\(Pl)

'y

A

Q@ Q= —q¢’=—(k—Fk)?
virtuality/resolving power

QL x = Z—OF'f—q Bjorken scaling variable,
momentum fraction of the scattered

parton
Q y= % inelasticity

Related by Q° = xys

Partons = Quarks + Gluons (QCD improved quark parton model)
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DIS at HERA
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DIS: Cross sections, structure functions, partons
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Measurements of the proton structure
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H1 and ZEUS DIS cross sections

H1 and ZEUS
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The electroweak regime

H1 and ZEUS
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Charged Currents
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The PDF determination: factorisation and evolution

QZ
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Calculate PDF:Extract from data

OpDIS = Clepton —parton Y ( 2)

perturbati non- perturbatlve

Process-dependent Universal

factorisation

PDFs:

parametrisation as a function of x at a given scale Q?;

evolution in Q? calculable in QCD (DGLAP):

The PDF's play two key roles:
- nucleon chemistry: understand how the baryonic matter is made

- predictions for other processes (LHC)
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Schematics of PDF extractions

Input parameters and flags || PDF parametrisation || PDF evolution (DGLAP)
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PDFs are extracted from QCD fits to cross section data:
Parametrise PDFs at a starting scale by smooth functions with sufficient parameters;
Evolve PDFs to other scales by the evolution equations (DGLAP);

Compute cross sections for DIS/DY (or other processes) at NLO (NNLO);
Calculate x? measure of agreement between data and theory model;

Obtain the best estimate of the PDFs by varying the free parameters to minimize x?
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C. Diaconu,

Proton structure from HERA data

« Combination of data with consistent treatment of systematics
« Extraction of parton distribution functions (PDFs) using HERA data only
— A milestone of HERA physics program: HERAPDF 1.0 (2009)
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Proton's charm

The proton (1 GeV) “contains” charm (1.6 GeV) and beauty (4.4 GeV) quarks
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HERAPDF 1.7

« HERA « global » fit

— Inclusive data

xt

— Charm data
— Jets in DIS data
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The data for PDF's(before LHC)
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PDF constrains
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From HERA to LHC
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LHC data constrain PDFs

« Many processes measured with high precision using first data at LHC are
sensitive to PDFs:

— W and Z production

— W+heavy flavor

— Drell-Yan production

— Inclusive jet production

— Dijet production

— Photon inclusive production

 More measurements may fall into this category at high luminosity:

— Higgs cross sections and couplings
— Top production

— Electroweak precision measurements: M,,, sin%0

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012

19



PDF constraints from W/Z bosons production at LHC

DIS data at HERA (ep): probes linear combination of quarks:
« CC: provides constraints on valence quarks

NC: No flavour decomposition of the sea distribution [S=2(ubar+dbar+sbar)]
DY and jet data at the LHC: probe a bi-linear combination of quarks

Z  ~ 0.29uit + c¢) + 0.37(dd + s5 + bb) W+  ~ 0.95(ud + c5) + 0.05(u5 + cd)
v*  ~ 0.44(uit + c€) + 0.11(dd + s5 + bb) W~  ~ 0.95(dii + s¢) + 0.05(d¢ + sii)
—_ —_ = 2 = 2
z yA z ) 5 | wW* 5 | W’
- — uo — dd - — ug — dd [ — ud — c5 [ — do — st
— C€C — s8 — C€C — S8 1.5_— — us — cd 1.5_— — sO0 — dt

LHC data canE
of the quar

rovide complementary information, for instance flavour decomposition
sea at low x
C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012 20



W/Z production
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W/lepton charge asymetry

W lepton asymmetry is sensitive to differences between u and d:

IIIIIIIIIIIIII|l||ll|lll|lllllllllllllIIIII

\s=7 TeV b ATLAS+CMS+LHCD-
i ;-_,;_'fi o S Preliminary -

Ay — Wt —Ww- in terms of Aw ~ Uy — do
YT W rwe valence quarks: Uy + dy + 2Ugeq
CMS 840 pb"' at Vs=7TeV
o & s=l

O
)
o1

|

pT(e) > 35 GeV

s W—=ev

et
N

©
-
($)]

>
" L a
........
L »
.

ATLAS (extrapolated data, W — Iv) 35 pb"
CMS (W-» pv) 36 pb™

Lepton charge asymmetry
o

1 T T I 1 T T I T 1T T T I

me== CT10

| S swms HERAPDF1.5
o TROOIRLC ‘——-—-—— ...... MSTW2008NLO

=t ¢
Eleétron Charge Asymmétry

lllllllllllllllllllllllll

IIIIIIIIIIIIIIIIIIIIII

LHCb (W— puv) 36 pb' 0.1
0.2 MSTWO08 prediction (MC@NLO, 90% C.L.) i Bs NNFDF22 (NLO)
HEHE CTEQSS prediction (MC@NLO, 90% C.L.) i theory bands: 68% CL
5555 HERA1.0 prediction (MC@NLO, 90% C.L.) . ! ! s L I s ! ! s | !
-0'3'_11.1“.11'1111Illlllll lllllllllolllllllllllllll_‘ 0.050 1 2
0 05 1 1.5 2 25 3 35 4 Electron Pseudorapidity In|
In | ' I

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012



W+c/b

CMS Preliminary

36pb'at{s=7TeV

|
Total Uncertainty

|
CMS 2010

Statistical Uncertainty 0.143 = 0.015 (stat) + 0.024 (sys)

e MCFM (CT10) —o—

0.125 + 2013

POI

aMCFM (MSTWO08) -

0.118 = 0.002 ,
vMCFM (NN21) -

0.103 = 0.005

5 5 i 5 | A | i 1 5
0 0.05 0.1 0.15
R, =o( W+c ) / o W+jets )

Probe strangeness

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012

(W= Iv +> 1 b-jet) [pb]

20 :

- A Electron Chan. ATLAS -
~ M Electron and Muon Chan. Data 2010,\s=7 TeV 7
- V¥ Muon Chan. y 7]
151 = NLO5FNS Ldt=35pb |
| =eee- ALPGEN + JIMMY T |
i (b-jet from ME and PS) T -
L - ALPGEN + JIMMY -
- (b-jet only from ME) A i .
10f -~ PYTHIA % ~
;’?TTTTJ.'TTT'TTT'?f'?iiff’f’f‘?f{.:::::::::::::::::::::::: :
AN 000 1 i
1 jet 2 jet 142 jet

Important background for Higgs /top

23



Drell Yan at low mass

CMS Preliminary, 4.5 Ib” atVe = 7 TeV, 20 < M < 30 GeV
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DY measurement at LHCb
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Ratiowrt CT10

Jets at LHC
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Jets cross section ratios 2.76/7 TeV
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Prompt photon production
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PDFs: Differences and benchmarking

NLO tt cross sections at the LHC (\'s = 7 TeV)

Main sources of difference between different PDFs: o LA L S B
O 180— m*=171.3GeV o2?
~ - _

- inclusion of different data I - :
_ .« e ' ' O 170 — | tt
methods of determining 'best fit - :

- uncertainty treatment/sources u ) ]
ti . d trisati 160 — et Ny Peocia 68% C.L. PDF =

- assumptions in procedure (parametrisation) e e | @ vsoc .
- heavy flavour treatment T I I ..--{ M CTEGs -
_ . o e T..--==""" A cT10 2
PDF and a_ correlation - B O NNPDF2. :
140~ , = [] HERAPDF1.0 |

" Vertical error bars J. J ) ABKMO09 _

— Inner: PDF only ]

130 Outer: PDF+o GJR0S —

— I 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I -

0.114 0.116 0.118 0.12 0.122 0.124

2

ocs(Mz)

Benchmarking is addressing the differences — but difficult to see the pattern

A generic framework for PDF studies: HERAFitter

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012 29



PDF Fit Analysis Group

Following Fit groups are active:

S. Glazov, ICHEP2012

MSTWO8 CTEQ6.6/CT10 NNPDF2.1/2.3 HERAPDF1.0/1.5 ABKMO09/ABM11 GJRO8/JR09

Evolution LO LO LO - - -
Order NLO NLO NLO NLO NLO NLO

NNLO NNLO NNLO NNLO NNLO NNLO
HF Scheme RT-GMVF ACOT-GMVF FONLL-GMVF RT-GMVF (*) BMSN-FFNS FFNS
ag NLO 0.120 0.118(f) 0.1191(b) 0.1176(f) 0.118 0.1135
ag NNLO 0.1171 0.118(f) 0.1174(b) 0.1176(f) 0.1135 0.1124
HERA DIS not up-to-date + + +/prelim. partial +
Fixed target DIS + + + - + +
DY + + + - + +
Tevatron W,Z some some some - some some
Tevatron jets some + + - some some
LHC - - W, Z+jets (NNPDF2.3) - - -

+ Different data sets

+ Different parametrisations

« Different arrangements of the perturbative series

+ Different input values for alphas, charm masses

+ Different treatment for heavy quark

— Plenty of opportunities to differ...fully used!

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012
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Motivation for a QCD Fit Platform

« Ultimate precision is obtained by combining measurements

Improvement on Statistical precision
Improvement of Systematic precision

= QCD Fits within experiments proved to be a very useful tool to interpret data!

« Data from HERA and LHC reach ~1% accuracy. The data are correlated point-
to-point and across different processes due to common detector effects.

- Treatment of the correlations very important

« Theoretical calculations for DIS and DY processes are available to NNLO
accuracy in QCD (and NLO in EW). However, calculations, e.g. FEWZ
programs for W,Z production are not fast, taking days to reach percent
accuracy:

— effect of PDFs in these calculations can be factorised, leading to fast computation
tools: FastNLO, APPLGRID

— = Need a tool which combines the data and theory together.

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012
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HERAFitter Package

— A ready platform to analyse new data and
their impact.

— The beta releases can be accessed through
the HEPFORGE site

http://projects.hepforge.org/herafitter

[it requires the QCDNUM package [M. Botje]
for evolution]

* Accessible to anyone for download via
registration to feedback users

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012

6 =~

C' {8 https://www.herafitter.org/HERAFitter

1z)) H1 Fast Navigator

[[] watchlive &} All the PAW FAQs ... [ Find Your Macintos/-

HelpOnAdministration » MoinMoin » HERAFitter/downloads » H1Fitter/DownloadGroup » HERAFitter

. my doctor

VoicaRadescu Settings Logout

Searcn L i)

Wiki
WikiPolicy
RecentChanges
FindPage
HelpContents
@

HERAFitter

HERAFitter

| Welcome to HERAFitter

ORI mBRS

HERAFitter is a set of PDF fitting tools initialy developed jointly by the H1 and ZEUS collaborations for determination of the
parton density functions and currently extended to LHC experiments and theory groups. Independent developers are also
encouraged to add their contribution to the package. The HERAFitter codes were used to obtain the HERAPDF sets.

Page

Edit (Text)
Info
Subscribe
Add Link
Attachments

[ More Actions: ¢)

|D

loads of HERAFItter software pack

T New HERAFitter release is available! The HERAFitter releases can be accessed HERE upon registration. Everyone is free to
register.

|

request and login name to Eherafitter-help@desy.de.

| HERAFitter Meetings

* User's Meetings: monthly meetings to enhance communication between users and developers (open access)
* Developer's Meeting: technical weekly meetings to ensure communication among developers (restricted access)

.

Steering Group's Meeting (restricted access)

] Developers Info (restricted to developers)

Internal Developments

| Organisation

.

.
.

.

e Voi - , Rit ile Placaky

Release coordinator: Sasha Glazov

Amanda Cooper-Sarkar

Contact Persons: Klaus Rabbertz (CMS), Bogdan Malaescu (ATLAS), Olaf Behnke (ZEUS), Cristi Diaconu (H1), Ronan

Steering Group: Voica Radescu, Ringaile Placakyte, Sasha Glazov, Amanda Cooper-Sarkar, , Gavin Salam (theory), Klaus

Rabbertz (CMS), Bogdan Malaescu (ATLAS), Ronan
Librarians: authors/developers of individual modu!
Getting help: Send email to Eherafitter-help@desy.de

ty (LHCb), Olaf Behnke (ZEUS), Cristi Diaconu (H1, chair)
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HERAFitter Package Installation

HERAFitter / BoPesn=B &
downloads -
| « The HERAFitter code uses automake tools to
Releases of the HERAFitter QCD analysis package . . .
* The release note an updates can be found in this attachment: @ HERAFItter_release_notes.pdf. co nfl g u re a n d bu I Id the paCkage .
Date Version Files
07/2012 Beta 2 Bug Fix @ herafitter-0.2.1.tgz
05/2012 Beta 2 @ herafitter-0.2.0.tgz .
09/2011 Beta 1 @ herafitter-0.1.0.tgz . /C onfl gure
» The README file (accessible via the package) gives an explanation for a quick start.
HERAFitter: HERAFitter/downloads (last edited 2012-07-13 14:05:55 by VoicaRadescu) mak e

make install
— Configure options: (./contigure —help)

-—enable-trapFPE Stop of floating point errors (default=no)
-—enable-checkBounds add -fbounds-check flag for compilation (default=no)
-—enable-nnpdfwWeight use NNPDF weighting (default=no)

-—enable-lhapdf use Lhapdf (default=no)

--enable-applgrid use applgrid for fast pdf convolutions (default=no)
-—-enable-hathor use hathor for ttbar cross section predictions

(default=no)

— Currently the pre-requested packages are high energy
physics specific CERNLIB, QCDNUM

« Tested on the virtual machine (UBUNTU) ©.

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012 33



HERAFitter Functionality

. r EEEER
_ experimental data I
o a2 Data: HERA, Tevatron, LHC,
' W fixed target experiments
.." Processes: | '
P i e Inclusive DIS, Jets, Diffraction N 5 V wow .
e Drell-Yan, Top production —/ = Parton Density
W and Z production tE: | Functions _
E (PDF , DPDF, uPDF S)/
: ~ N T
theory calculations N E | )|aeM),m,m,m ..
/ s C
Heavy Flavour schemes: MSTW, CTEQ, ABM l =
Jets, W, Z: FastNLO, Applgrid | | Theoretical cross
Top: Hathor V| sections |
Evolution: QCDNUM, kT scheme : g
Other: NNPDF reweighing \ | Comparisons to other

Dipole model _ y—/ PDFs (lhapdf)

Includes various methods for:

Error propagation: Hessian vs Monte Carlo: benchmark with NNPDF [PDF4LHC Report arXiv:
1101:0536]

Experimental Error treatment: Correlated, Uncorrelated, Offset
Parametrisation:
Standard Functional form ( a la MSTW, CTEQ, ABM)
Chebyshev polynomials [PLB27193]

: Chls%uare definitions
C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012




HERAPFitter Structure

Used for

PDF evolution

E ZMSTF
3
S HQSTF
RT
ACOT
Used for
structure function
calculation

Interfaces:

- QCDNUM
HERAFitter ‘/
MINUIT for

minimisation o

\\[//

L]

LHAPDF

@ ABM/

QA

@D POLE/
Q bV

@ DifiDIS/

Various cross sect & _FastNLO/
calculation & HS/

FastNLO

Applgrid

Hathor

External PDF
comparisons

HERA Fitter Meeting - 12/02/12 - Krzysztof Nowak

. Beta releases contain a set of tools for its use at the LHC experiments

It can produce out of the box HERAPDF1.0, (ATLAS strange determination)

It contains additional data from HERA, Fixed target, Tevatron, LHC

. LZIAUUIIU, 1T IV TUWGT, YUV 1S1aduaic; 1 diid i

INI I, INUVGIHIVGI U1,

[AVE VS

@ Hathor/

@ _NNPDF/

Q R1/

Q bin/

@ datafiles/

@ include/

Q@ _input steerina/
@ interfaces/

Q@ _minuit/

Q output/

Q sre/

@ theoryfiles/

@ tools/

& LICENCE
Makefile.am
README
REFERENCES

i

w,
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HERAFitter Physics Cases

Determination of proton PDFs from HERA data

Inclusive NC and CC processes

* involving low Q2 phenomenology (DIPOLE vs
DGLAP models)

* Mixed DGLAP-Dipole fits
DIS charm data (submitted to journal)

Inclusive DIS jets * (PDF + alphas)
Diffractive PDF fits

Production of W, Z at LHC: additional lever arm to

constrain PDFs

Inclusive Differential W, Z cross sections
Drell Yan at low and higher masses
Jet production * (PDF + alphas)

W+charm

. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012

Studies concerning different treatment of
correlations (Hessian vs MC vs Offset):

Top production at LHC:

ttbar cross sections

Ratio of top/antitop cross sections

Further developments:

QED evolution, photon PDFs
Benchmarking of theories
Fits using kt evolution

Nuclear PDFs

36



HERAFitter Package Specifics

« The software code is a mixture of C++ and Fortran codes. The core interfaces
are provided in the Fortran part of the code.

« Central steering file to define input data, fitting parameters steering.txt
« Central steering file to define input PDF parameters minuit.in.txt
« Central steering file to define input ew constants ewparam.txt

« Package includes a ready to use data sets from various experiments:

bcdms hera Lhc tevatron

* Inclusion of new data tables for existing processes should be possible without
code recompilation. Data are provided as text files with a specified header and
the main body, as a table.

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012
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HERAFitter usage

’,
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.

¢ *

'
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"o,
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HERAFitter ]

A\
7
Z ﬂ

User PDF

Q:-

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012

The framework is extendable:

New data:

User level

New processes, new theories, schemes etc.:

Expert work
Fit Methods:

Expert work
More modules

« Average code

Plotting methods
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xf

H1 and ZEUS (prel.)

1
Q* =10 GeV?
08 HERAPDF1.0
[ total uncertainty
xg (x0.05)
N e +low energy data, RT VFN Standard

- +low energy data, ACOT VFEN full
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April 2010

HERA Inclusive Working Group

HERAFitter Outputs

Output contains basic text (and graphic) information
stored in output directory:

- Quality of the fit (chisquares, pulls)
- Resulting PDFs:

text and HERALHGRID LHAPDF format grids ready to
plug into the MC generators

- Hessian vs MC replicas error estimation

— output — ref
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HERAFitter output

’ 1 - - . ' p—
€| o, £
o8 { -
LT -

: :

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012
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an®
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output
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HERA and BCDMS

rrrjyrrryrrrypr>d

rdio

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012

ref.HERAPDF1.0

output. HERA1.0+BCDMS

Qr2 = 1.90 GeV?
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Jet production at LHC (CMS)
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C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012



Influence of CMS jets

xP(x)

xP(x)

05

xP(x)

xP(x)

-

HERAPDF1.0
| HERAPDF1.0 + CMS jets
! ’ . u 2010 data
P g Q? = 10.00 GeV?

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012

43



W asymmetry

HERA + ATLAS data HERAPDF 1.0
cutput et
ATLAS W asymmatry

——
\
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\
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x°/ npts =49.9 /11
10
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C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012



Usage of HERAFiter at LHC

« QCD fit of ATLAS differential distributions for W+, W and Z with HERA e%p DIS
data

« NNLO pQCD analysis

— HERAFitter framework with MCFM+APPLGRID NLO QCD
« Corrected to NNLO QCD using k factors

~ r,=0.5(s+ s)/ d

) - = 700 " - = 500 ,
% ATLAS é W= |+vl ATLAS % W — 'Vu ATLAS
N — —
> = 650 —— e =
ke, 3 B 450 t
'g Z I"I' A . o ‘ o
100 = ' 600+
. . S 400 |
JLdt=33-36pb JLdt=33-36pb JLdl=33-36pb -+—
80 550
—— Data 2010 (\s=7 TeV) —+— Data 2010 (\s=7 TeV) —+— Data 2010 (\s=7TeV)
(uncorr. sys. @ stat, unceriainty) (uncorr. sys. @ stat, uncertainty) 350— (uncorr. sys. & stat, uncertainty)
60 - epWZ fived 3 s S00r ..... epWZ fired3 A | e epWZ fixed 3 +
epWZ free s ! ‘ epWZ free s — epWZ frees
%) ‘ : In 0 1.02F
3 1.02 1 3B 1.02- o1
x 1 : X 1 x 1
..&_’ 0O 05 1 16 2 25 3 5 jl_’ 0 05 1 1.5 2 25 &= 0 05 1 1.5 2
1Y, m| m|

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012




Strangeness determination at low x

Q%= 1.9 GeV?, x=0.023
a ABKMO09
= NNPDF2.1

v CT10 (NLO)

I total uncertainty
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Phys.Rev.Lett. 109 (2012) 012001
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Using HERA and ATLAS data in the fit

xa

Q7 = 19 GeV? E
B HERA |13
HHH HERA L ATIAS A-08 &

B HERA 113 Rt
e HERA L ATIAS B-08 f

oo d oo oo b oo b b3

relative uncertainty
relativ e uncertairty

22zl 2 4.2 2 3423 L 4 2 2 1323 1 "
10° 10° 10" 1

(a) xg (b) xS

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012
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Further physics case: new physics searches

* Uncertainties dominated by PDF

— Parton distributions and new phenomena strongly connected

— Common analysis desirable: rigorous statistical approach

« Example from the history:

— Jets at Tevatron

Swo
a CTEGHM
- 50 : ; + $ i
U e e “ee
» Statistical Errors only
) 5 PR N FUUE POV Y PO PN PO
E; jet (GeV)

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012

CTEQdH

Et jet (GeV)
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New physics at high x: a toy example

High Mass Drell-Yan at the LHC

10° =T = = T T T
E x,,= (M/14 TeV) exp(ty)
100 Q=M M=10TeV
10"
10° I M=1TeV /A -
10° I / ; /
10' M=100GeV A4 ; ¢ / /
o b ; ; ) / :
E y- 4 2 o/ 2 6]
107 E g h
E M =10 GeV Y,
7 fied
10' g HERA
/- tfeet
10" . -l e L
107 10" 107 10* 107 10° 10 10°
X

LHC parton kinematics

(nb: this is only a toy example, using Tevatron data would here remove the ambiguity)

8 °? » ]
% .| DYatLHC /]
Drell-Yan with M;; ~ TeV ¢ | | : /
involves quarks and 1o OsmecT
antiquarks with xg; ~ 0.1 » Cspm
12} _
AT i .
- _eq ( NS , ——— :
Lo = § Cij *\_2(_5":‘.7’ €; ,)(_flj‘nl-qj) P —
)\j: J.I? ’ 08l o
' stat. uncert. (300 fb™') € = +1
0.6 D paf uncert. (CTEQOD)
04} . A m40TEV  ceeeens \ =20 TeV J
02 ‘03
3 1 :'—“I'Hlllll " IIIIII I L Ill LI E 5 ’_—‘I 1 I LI ll] I 1 I_; M" (Gev)
2 4t 0 - » LHC pseudo-datay |
°10 . £ 4f ]
2f § - — SMit A “pdf” fit using only HERA+BCDMS+LHC
10 3 o 3 SM fit, pre-LHC
' 10 2L % ' would accommodate new physics into PDFs
4f s
10 F
.5 F - = .1 [ .
10 " AT TR by
3 3
- E. Perez 10 10
2
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C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012
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M,, [GeV]
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80.50

80.40

80.30

Far future issues?

QCD/PDF uncertainties may be the last to fight: get prepared

-

T
experimental errors 68% CL:
LEP2/Tevatron: today
— LHC: future (8M,,, = 5 MeV)
M, =123 ..127 GeV,
7 mssm| .

T l T T T ] T T T I T T T [ T T T I T

MSSM, M, = 123..127 GeV

SM, MSSM [[EIE |
Heinemeyer, Hollik, Stockinger, Weiglein, Zeune "12
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C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012

ATLAS Preliminary (Simullation)
(=14 TeV: [Ldt=300 i ; [Ldt=3000 b

T [ rrr[7rrTT
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ATLAS Preliminary (Simulation)
(s =14 TeV: [Ldt=300 ib™ ; [Ldt=3000 fb”

0 02 04 06 08
A(T,/T)
T /Ty
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HERAFitter Project

« Timescale:

— September 2011 First Beta Releas, package
presented to the LHC community (ATLAS and CMS)

— October 2011 First HERAFitter User’s Meeting
— February 2012 HERAFitter Workshop in Marseille
— May 2012 Second Beta Release

Common QCD
Fit Framework

>

o |
Q

o

e

—k
o
—  Winter 2012 Next release o)

« Package is supported by

— agroup of developers originally from H1 and ZEUS
collaborations and extended to LHC experiments and
theory

— asteering group committee with contact persons to
HERA, LHC and theory

« C. Diaconu (H1), O. Behnke (ZEUS), B. Malaescu (ATLAS), K.

Rabbertz (CMS), R. McNaulty (LHCb), G. Salam (theory), V.
Radescu, R. Placakyte, A.Cooper-Sarkar, A. Glazov

Weekly developer’s meeting https://herafitter.org/HERAFitter/HERAFitter/HERAFitterinternal/FitForumMeetings

Monthly users’s meeting (https://herafitter.org/HERAFitter/HERAFitter/HERAFitterMeetings

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012



Conclusions

 LHC data starts to be sensitive to PDFs
— there is a short and long term physics case for PDF determinations beyond HERA

« HERAFitter is a fitting tool based on HERAPDF available for a fast feedback
on analyses sensitive to PDF’s

Versatile: extensible to many theories and experimental data sets

— Open access and community driven utility

« Users and contributors are welcome:

/[HERA DIS-ep data]

http:/Iwww.herafitter.org

Thanks: V.Radescu, S.Glazov, R.Placakyte, P.Below,

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012 K.Nowak 52



Backup slides

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012
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Proton make-up

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012

no substructure

3 free valence quarks

3 bound quarks

Valence quarks
Sea quarks
gluons

Strong force

at work!
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PDF parameterisation: an issue
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C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012
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HERAFitter Functionality

. Can perform fits to DIS, DIS diffractive, jets, DY data:
— FastNLO and APPLGRID interfaces implemented

. QCD evolution based on QCDNUM package:
— NLO, NNLO DGLAP equations

. Access to various heavy flavour schemes:
— RT standard and optimal as in MSTW (NLO, NNLO)

ACOT as in CTEQ (LO, NLO)
FFNS and BMSN as in ABM (NLO, NNLO)

Developments in the top area: ttbar cross section using HATHOR package

. Includes various methods for:
—  Error propagation:
» Hessian vs Monte Carlo: benchmark with NNPDF [PDF4LHC Report arXiv:1101:0536

—  Experimental Error treatment: Correlated, Uncorrelated, Offset
— Parametrisation:

« Standard Functional form ( a la MSTW, CTEQ, ABM)
* Chebyshev polynomials [PLB27193]
—  Chisquare definitions
. Possibility to link to LHAPDF and draw/compare various predictions
. Access to the NNPDF reweighting tool
. kt-evolution for the unintegrated PDFs

. Various DIPOLE Models
C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012
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Common fits of HERA and Tevatron

Fit results with CDF data: Fit: 13 parameters, RT FAST arXiV:0807 2204

scheme is used
HERA 1.0 data HERA 1.0 data + CDF data
@ y2=1.093
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< T \\ ' The comparison of the parton distributions for Q° = 1.9GeV?:
e R T I e N R e I R red line is HERA1 data, blue line is HERA1+CDF data
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HERAFitter Functionality

cf(x,Q%) = AzP(1 — 2)°(1 + Dz + Ez?) " N—1 . o
xf(x) Z a;T; ( L Lk L), )
‘=0 \ oy 7 i
To(x) =1
Ti(x) =2
Tr(z) = 22° — 1
Tiy(z) = 42° — 3«
Ty(z)=8z" — 8% + 1
Ts(z) = 162° — 202° + 5a
Ts(x) = 322° — 482" + 182 — 1 S
T:(z) = 642" — 1122° + 562> — Tz e
Ts(x) = 1282° — 2562° + 160" — 322" + 1 B _ o
Ty(x) = 2562° — 5762 + 4322° — 1202° + 9z. Xmn 10 1073 10 2 10

Includes various methods for:
Error propagation: Hessian vs Monte Carlo: benchmark with NNPDF [PDF4LHC Report arXiv:1101:0536
Experimental Error treatment: Correlated, Uncorrelated, Offset [see Mandy’s, Sasha’s slides]
Parametrisation:
Standard Functional form ( a la MSTW, CTEQ, ABM)
Chebyshev polynomials [PLB27193]

Chisquare definitions
C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012 ‘;58



HERAFitter Functionality

Various Chisquares options:

v This definition corrects for possible biases introduced by the low statistics samples:
— Uncertainties are scaled with expected number of events rather than observed
— Logarithm term arises from the transition of likelihood to chisquare

v Correlated sources are taken into account (and a penalty term arises in the chisquare)

2
[ﬂa‘ — m,; (1 - Z "/}:b*)]
6fun~m2 + 67 spar it (1 T Z ’)’;b )

2
2 tuncm +52 stat#"lrn‘l
DILEDILE e
i.unc/“; + z,stat#’z

x2=Z

Measured Theoretical Correl. sources Correl. shifts Log likelihood transition

Simplified options:
No scaling of the errors
Including scaling of the errors but no log term
(NOT IN BETA RELEASE: covariance matrix)

C. Diaconu, HERAFitter, GDR Terascale, Paris LPNHE, November 5-7, 2012
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Proton structure is essential for LHC physics

Examples:
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