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ENERGY FRONTIER vs. ACCURACY FRONTIER

“There are historical reasons not to expect too much from the LHC. (...)

There have been sixteen important discoveries” (in HEP)
“between 1945 and 2008:

four discoveries on the energy frontier,

four on the rarity frontier,

eight on the accuracy frontier”

Freeman Dyson, 2008



PHYSICS AT THE LHC

“There are two reasons to be skeptical about the importance of the LHC:
one technical and one historical”.

HIGGS BOSON PRODUCED IN pp COLLISION,
DECAY INTO TWO 7 1~ PAIRS

@ATLAS
2 :)EF:EuIl'r I|MENT

“The technical weakness of the LHC arises from the nature of the collisions that it studies.
These are collisions of protons with protons, and they have the unfortunate habit of being
messy”’ Freeman Dyson, 2008



PREHISTORY: DISCOVERY AT A HADRON COLLIDER
THE DISCOVERY OF THE W

EXPERIMENTAL DISCOVERY
THEORETICAL PREDICTION

42 G. Altarelli et al. / Vector boson production

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN-EP/85-108
11 July 1985

TABLE 2
Values (in nb) of the total cross sections for W * and Z° production

W WS Wrews wriw-  z0 20 zo SWIEWD) o(WTH WD) o(WIr W) W PRODUCTION PROPERTIES AT THE CERN SPS COLLIDER

o(2°) (2% o(Z%)
VS (GeV) GHR pot Doz GHR DOl D02 GHR pol poz UAI Collaboration, CERN, Geneva, Switzerland
540 42 43 41 13 13 12 31 34 35
700 62 63 6.1 20 19 18 3.1 33 3.4 Aachen’ - Amsterdam (NIKHEF)? - Annecy (LAPP)? - Birmingham® - CERN® -
1000 9.5 9.5 9.6 31 30 29 31 32 33 N 6_ coki? —Kiel® - 1 ial College® and Mary College!®)-Padua'! -
1300 125 125 120 0 39 19 1 i 33 Harvard Ifelsmkl Kiel Lolr;dm?( m‘pt:rll3 o) cgli and Queen Mary College )15
1600 15.5 15.6 16.5 50 48 50 31 32 33 Paris (Coll. de France)'?-Riverside'” - Rome'* - Rutherford Appleton Lab. ™~ -
Saclay (CEN)'-Victoria!” -Vienna'® - Wisconsin'® Collaboration
The corresponding experimental result for the 1984 data at Vs = 630 GeV is
ALTARELLI, ELLIS, GRECO, MARTINELLI, 1984 (0Bl = 0.6 £ 0.05(+0.09) ub.

This is in agreement with the theoretical expectation [14] of 0.47 *%snb. We note that the 15%

e AGREEMENT AND UNCERTAINTIES AT 20% CONSIDERED TO BE SATISFACTORY

RESULTS FROM DIFFERENT PDF SETS DIFFER BY AT LEAST 5%

NO WAY TO ESTIMATE PDF UNCERTAINTIES
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PREHISTORY: DISCOVERY AT A HADRON COLLIDER
THE DISCOVERY OF THE W

TABLE 2
Values (in nb) of the total cross sections for W * and Z° production

THEORETICAL PREDICTION

G. Altarelli et al. / Vector boson production

W WS Wrews wriw-  z0 z0 g0 SWIEWD) o(WIH WD) o(WIHWT)

s(2%) (2% o(2Z°)

VS(Gev)  GHR DO1 DO2  GHR DOl DO2 GHR DO1 DO2
540 42 43 41 13 13 12 31 34 35
700 62 63 6.1 20 19 18 31 33 3.4
1000 95 9.5 9.6 31 30 29 31 32 33
1300 125 125 129 40 39 39 31 32 33
1600 155 15.6 165 50 48 50 31 32 33

ALTARELLI, ELLIS, GRECO, MARTINELLI, 1984

PDFs IN 1984
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FIG. 25. Parton distributions of Gliick, Hoffmann, and Reya
(1982), at Q?=5 GeV: valence quark distribution
x[uy(x)+d,(x)] (dotted-dashed line), xG(x) (dashed line), and
4, (dotted line).
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FIG. 26. “Hard-gluon” (A=400 MeV) parton distributions of
Duke and Owens (1984) at Q=5 GeV?: valence quark distri-
bution x[u,(x)+d,(x)] (dotted-dashed line), xG(x) (dashed
line), and g,(x) (dotted line).

Rev. Mod. Phys., Vol. 56, No. 4, October 1984
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FIG. 27. “Soft-gluon” (A=200 MeV) parton distributions of
Duke and Owens (1984) at Q>=5 GeV?: valence quark distri-
bution x[uy(x)+d,(x)] (dotted-dashed line), xG(x) (dashed
line), and g,(x) (dotted line).

GHR vs DUKE-OWENS

e AGREEMENT AND UNCERTAINTIES AT 20% CONSIDERED TO BE SATISFACTORY

e RESULTS FROM DIFFERENT PDF SETS DIFFER BY AT LEAST 5%

e NO WAY TO ESTIMATE PDF UNCERTAINTIES



ANCIENT HISTORY: THE CDF LARGE FEt JETS
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THE DARK AGES:
PDFs IN THE EARLY 2000
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THE DARK AGES:
SEEKING A RENAISSANCE

D. Kosower, 1999

e FOR A SINGLE QUANTITY, WE QUOTE 1 SIGMA ERRORS: VALUE+ ERROR
e FOR A PAIR OF NUMBERS, WE QUOTE A 1 SIGMA ELLIPSE
e FOR A FUNCTION, WE NEED AN “ERROR BAR” IN A SPACE OF FUNCTIONS

MUST DETERMINE THE PROBABILITY DENSITY (MEASURE) P|f;(x)]
IN THE SPACE OF PARTON DISTRIBUTION FUNCTIONS f;(x) (i=quark, antiquark,
gluon)

EXPECTATION VALUE OF o |[f;(z)] = FUNCTIONAL INTEGRAL

/ Df; o [fi(x)) PLF,

MUST DETERMINE AN INFINITE-DIMENSIONAL OBJECT
FROM A FINITE SET OF DATA POINTS



THE BAYESIAN MONTE CARLO APPROACH

(GIELE, KOSOWER, KELLER 2001)

e generate a Monte-Carlo sample of fcts. with “reasonable” prior distn.
(e.g. an available parton set) — representation of probability functional P|f;]

e calculate observables with functional integral

e update probability using Bayesian inference on MC sample:
better agreement with data — more functions in sample

e iterate until convergence achieved

PROBLEM IS MADE FINITE-DIMENSIONAL BY THE CHOICE OF PRIOR, BUT
RESULT DO NOT DEPEND ON THE CHOICE IF SUFFICIENTLY GENERAL
HARD TO HANDLE “FLAT DIRECTIONS”

(Monte Carlo replicas which lead to same agreement with data);
COMPUTATIONALLY VERY INTENSIVE;

DIFFICULT TO ACHIEVE INDEP. FROM PRIOR



RESULT: FERMI PARTONS

1
I3 H1-MRET
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MODERN TIMES:
THE HERA-LHC WORKSHOP

D THE LHC

Ador i e *v,uw :

March 20_0}4' ‘ Janu@ry_a)fs:

Organiging Committee:
G, Altarelll (CERN), J. Blumlcin (DESY],
M. Botje (NIKHEF), J. Butterworth (UCL),
A. DaRoeck (CERN) (chair), K. Eggart [CERN),
E, Gallo (INFN}, H. Jung (DESY) (chalr),
M. Kiein (DESY), M. Mangano (CERN),
~ A.Morsch [CERN), G. Polesslio (INFN),
©. Schneider (EPFL), C. Vallee (CPPM}

HERA and the LHC

A workshop on the implications of
HERA for LHC physics

CERN - DESY Workshop

26 - 30 May 2008
CERN

Iatest update January 19, 2008
Domnioad Warkshon pastor
HERA- LHC workshop 2004.-2008
HERA - LHC workshop 2008
HERA - LHC workshop 2007

HERA - LHC working group week Oct 2007

Please register here

List of Participants

. . this is when Dyson made his comments!



THE TOLERANCE PROBLEM

2002: FIRST PDFs WITH UNCERTAINTIES

e DETERMINE EIGENVECTORS OF X2 PARABOLOID
e DETERMINE 90% C.L. FOR EACH EXPT. ALONG EACH
MINIMUM X? VS GLOBAL x? EIGENVECTOR

§ jjjj T e DETERMINE MOST RESTRICTIVE INTERVAL ABOUT GLOBAL
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THE INCOMPATIBILITY PROBLEM

PARTON SETS DO NOT AGREE WITHIN RESPECTIVE ERRORS...
PARTON DISTRIBUTIONS:

PHYSICAL OBSERVABLE:
HIGGS PRODUCTION AT LHC MRST/CTEQ GLUON
1.4 LI L T | T | —

| | I |
- Q = 3.16 GeV gluon

[ Y AN T T
= | HTTERITTE

0.5 F !
o(pp — HW) [pb] ;

/5 = 14 TeV |
- II|I | |lll 1 | 1 1

0.3 0.6
l | | | 10°10*10° .01 .02 .05 .1
X

120 140 160 180 200
I%@J%SIVAND FERRAG, 2004
® ALEKHIN VS. MRST/CTEQ — PREDICTIONS FOR ASSOCIATE HIGGS W PRODUCTION @ LHC

I | 1 1
2 3 4 5 6.7.891

100

DO NOT AGREE WITHIN RESPECTIVE ERRORS
e MRST vs. CTEQ GLUONS DO NOT AGREE WITHIN RESPECTIVE ERRORS

ARE MORE DATA ENOUGH TO RESOLVE THE DISCREPANCIES?



THE HERA-LHC BENCHMARK PROBLEM

e RESTRICTED AND VERY CONSISTENT DATASET USED
e RESULTS COMPARED TO THEN-BEST RESULT FROM FULL DATASET

BENCHMARK VS DEFAULT GLUON

25

MRSTbench

MRST2001

“...the partons extracted using a very limited data set are completely incompatible, even
allowing for the uncertainties, with those obtained from a global fit with an identical
treatment of errors... The comparison illustrates the problems in determining the true

uncertainty on parton distributions.” (R.Thorne, HERALHC, 2005)



ENLIGHTENMENT AND MODERN TIMES

g == PuBLISHED BY INSTITUTE OF PHYSICS PUBLISHING FOR SISSA JISAS
RECEIVED: April 24, 2002

REVISED: May 30, 2002

AccEPTED: May 31, 2002

Neural network parametrization of deep-inelastic
structure functions

Stefano Forte,” Lluis Garrido,” José I. Latorre” and Andrea Piccione®
“INFN, Sezione di Roma Tre
Via della Vasca Navale 8§, 1-00146 Rome, Italy
Departament d'Estructura i Constituents de la Matéria, Universitat de Barcelona,
Dingonal 647, E-08028 Barcelona, Spain
CINFN sezione di Genova and

P F F E pr Dipartimento di Fisica, Universita di Genova,
FROM THE RO O O C ONC LN wa Dodecaneso 3%, 1-16146 Genova, Ttaly

... TO THE NNPDF TIMELINE

NNPDE3.0
MNMNPDF F2p NMPDF1.0 MMPDF2.0 MNMPDF2.3 several LHC data
proton structure function DI5-only PDFs global NLO PDFs first LHC data

closure test validation

2010 20m

MMPDF nonsinglet  MMPDF1.2 NMNPDE2.1 MMPDF2.3QED
quark PDF strange PDF added heawvy quark mass  photon PDF incl.

NMNPDE3.1
full LHC runl
charm param=trized

NMNPDE3. 1uxQED
MLO QED+photon



THE NEURAL MONTE CARLO

THE NNPDF COLLABORATION
(2004: Del Debbio, SF, Latorre, Piccione, Rojo; 2007: +Ball, Guffanti, Ubiali)

BASIC IDEA: USE NEURAL NETWORKS AS UNIVERSAL UNBIASED INTERPOLANTS

(plot from the 2002 paper)
e GENERATE A SET OF MONTE CARLO

REPLICAS 0% (p;) OF THE ORIGINAL  esperimensiaas BN

DATASET ¢ (42t (p,)

Generation of Tests
=> REPRESENTATION OF P|o(p;)] AT  artifciaidaca Bl B - -
DISCRETE SET OF POINTS p; Training of L Tets

neural networks net - art

e TRAIN A NEURAL NET FOR EACH PDF
ON EACH REPLICA, THUS OBTAINING
A NEURAL REPRESENTATION OF THE
PDFS f 'L<net) , (k) q (net)(1) q (net)(2) q (U Tests
NS s NS net - net
e THE SET OF NEURAL NETS IS A REP-
RESENTATION OF THE PROBABILITY L Tests ‘
DENSITY: USCRES
N rep

ST S
P k=1

Determination of 0 0 et
qNs(ne )’ 0.(||e )’ pu(n )

the probability density



NEURAL NETWORKS
STRUCTURE

Output MULTILAYER FEED-FORWARD NETWORKS

e Each neuron receives input from neurons
in preceding layer and feeds output to neu-

{31 (3}
e . 8;

Hidden rons in subsequent layer
D g e Activation determined by weights and
A e thresholds
ny nput

&i=g (Zj wij€j — 97;)

1 e Sigmoid activation function
0.8 ]_
g9(x) = 1fe Bz

-10 -5 5 10

WEIGHTS & THRESHOLDS CAN BE ADJUSTED SO THAT SIGMOIDS ARE IN
CROSSOVER NONLINEAR REGION

THANKS TO NONLINEAR BEHAVIOUR, ANY FUNCTION CAN BE EXPANDED OVER BASIS
OF g(x), g(g9(x)), 9(g(g(x))) ...

CAN CHOOSE REDUNDANT ARCHITECTURE (NO. OF LAYERS & NODES) TO
MAKE SURE NO SMOOTHING BIAS IS INTRODUCED



ISSUES AND PROGRESS:

e CONSISTENCY AND ROBUSTNESS
— NN ARCHITECTURE AND PREPROCESSING
— OVER- VS. UNDERLEARNING AND STOPPING

— DATA WEIGHTING AND CONSISTENCY

e RELIABILITY
— DEPENDENCE OF UNCERTAINTY ON DATASET
— FUNCTIONAL BIAS OR LACK THEREOF

— INCONSISTENT DATA HANDLING
e THEORY ISSUES

_ as
— HEAVY QUARKS



OVER/UNDERLEARNING 2002

TRAINING BY BACK-PROPAGATION

e START WITH RANDOM NETWORK & COMPUTE OUTPUT FOR GIVEN INPUT (F5 FOR
2
GIVEN (z, Q%))

e COMPARE COMPUTED OUTPUT TO DESIRED OUTPUT BY MEANS OF ENERGY
FUNCTION (e.g. x°)

e VARY WEIGHTS AND THRESHOLDS ALONG DIRECTION OF STEEPEST DESCENT OF
ENERGY FUNCTION = CAN BE DONE BY BACK-PROPAGATION

NIRRT R S e R BN
R Ll i

WHEN SHOULD TRAINING STOP?
WHICH IS THE APPROPRIATE ENERGY FUNCTION?



OPTIMAL TRAINING

WITH LONG ENOUGH TRAINING & BIG ENOUGH NETWORK,
PREDICTION GOES THROUGH ALL POINTS
any error function proportional to (data-nets) will do: vanishes at minimum.

Q: DO WE REALLY WANT THIS?

NAIVE A: SURE! Then when averaging over MC sample, at (z,Q?) of datapoints averaging

over nets is identical to averaging over data

OBJECTION: WHAT IF WE HAVE TWO MEASUREMENTS AT THE SAME (z, Q°)?

PERFORM WEIGHTED AVERAGE i 11/ 71+, /g
Jo14+1/02

BUT WHAT IF WE HAVE TWO MEASUREMENTS AT (x;, Q7) WHICH ARE VERY CLOSE?

F5 IS NOT A FRACTAL!

CLEVER A: eERROR FUNCTION — USUAL LOG-LIKELIHOOD
<F.(art)(k:) _F.(net)(k:)) 2
dat ?

E(k) [Wa 0] = Zi:l : a(ewp)Q

2,8

eEESTABLISH FIXED TRAINING LENGTH SUCH THAT

BEFORE DATA GENERATION.

E®) w6 4
Ngat -



FAITHFUL UNCERTAINTY vs. BIAS 2002
COMBINING DATA
NS data vs. neural nets

0.03<x<0.12 IN NONSINGLET CASE,
ooo [F NMC data’ 1 — T ] AVERAGE VARIANCE OF NETS << STAT.
" [ D BCDMS data 1 ERROR OF DATA (FACTOR 3-4)
A/ - P emeum | IS IT DUE TO SMOOTHING BIAS?
K 1 OR IS IT DUE TO COMBINING DATA?
1.50 PP edgR a® 0’ =oos0 +180 | recall error on weighted average
50 [ °e ) '
[ - o= 1/0%4—1/0% < 0§
121+ ® eegfekes ges ¥ —ameim (4N CONSTRUCT A STATISTICAL
A - ] INDICATOR TO TELL!
100 - % ® * o9 ;E % § & w o x=0090 (+1.00) -
E L E 1 % o® x=0.100 (+0.85) :
0.75 [ T % s o9 Q i? ® ¢ & x=0110 (+0.76) ]
1 ) 10 50 100
Qz

(art)(n) p(net)(n))2
1 ZNTGP Ndat (Fz —F’i )
Nrep 44n=1 Zui=1 (eap)?

(ea:p), (net)(n)\?2
« o\ 1 Nye Nga (FZ — )
Central” error (FE) = Nrep Done1 Dot (exp)?

Average error (E) = (n — replica; i — datapoint)

Bias indicator R = (E)/(E): if onet << Oexp then
R ~ 1= BIAS; R =~ 1/2= ERROR REDUCTION HERE R = 0.58 (0.53 NMC only)



WEIGHTED TRAINING 2002

N (F(exp)_F(net)(O))2
STUDY DEPENDENCE OF ERROR FCTN E(®) = _L_ S Ndar 1 i

Naqt 4~i=1 (cap)?

TRAINING LENGTH FOR NET TRAINED ON CENTRAL VALUES
INHOMOGENEOUS ERRORS

NS: AFTER ~ 107 TRAINING CYCLES, E©) ~ 1 BUT WIDE SPREAD BETWEEN DATASETS
= NMC OVERLEARNT & BCDMS UNDERLEARNT

ON

training on all data training on BCDMS training on NMC
R B A 2 UL EE e ([N I I B
14 all data — [ :Illld :ata 1 i ;llldcdata
NMC 20 BCDMS _ 8 BCDMS B
12 BCDMS = _ :
0.5‘...|.‘..|.‘..|...‘: .'_...|....|.,..|....—
0.6 ;_'M— _‘ * cyclesl:go" e e * cycles1>(<x;06 . e
] e EACH DATASET PREDICTS THE OTHER
04 — | | I I ] — FULL COMPATIBILITY
200 400 800 800 1000 e BCDMS HARDER TO LEARD THAN NMC

cyclesx 108

(SMALLER ERRORS)



INHOMOGENEOUS ERRORS cont’d
NETS ARE GETTING TRAPPED IN LOCAL MIN. OF THE DATA WHICH ARE LEARNT FASTER

global min. can only be reached at overlearning point

SOLUTION: WEIGHTED TRAINING

uniform training 90% BCDMS 10 % NMC
——— T A L L
| | | |
1.4 all data L4 all data
NMC NMC

BCDMS

BCDMS

1.2

lllIIllllIllIIIll

IIIIIIIIlIIlIIlIIIllIIIlIll

1.0
0.8 —
0.6 [— — i
04 — — o4
| 1 1 (] I (] 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 [ il | ! ] 1 | 1 1 1 1 I 1 1 1 1 | 1 1]
200 400 600 800 1000 100 200 300
cyclesx1 0® cyclesx 10°

e convergence of two experiments reached fast by weighted training
e at convergence, EO© ~1

e after convergence, E () for two experiment slowly improve at same rate,
oscillating about each other = global minimum found



INCOMPATIBLE DATA 2002

INCOMPATIBLE DATA

e FOR PROTON FITS, CONVERGENCE ACHIEVED, BUT E (0) Z 1.4 EVEN W. VERY LONG
TRAINING

e for NMC data E() > 1.6 (training with all data)

o for NMC data E(©) > 2.2 (training with NMC only)

e ALL OTHER STATISTICAL INDICATORS OK

SOME NMC DATA ARE INCOMPATIBLE WITH OTHER DATA
Blow-up of proton data/nets NMC proton data/nets

0.26<x<0.29 0.26<x<0.29
1.65 ||||||| T T T | 1'65_ ! 'lllll

i

-Hi by ?ifiliﬁﬁgz; M RALL

1.60 [—

: ; by
| 1, Lo 5
ac 150 — - g 150 [— __
. [ + NMC data ] L x NMC 90 GeV ]
i ] - + NMC 120 GeV
145 [y DUDMS data - 145 "0 NMC 200 GeV ]
7 L ¢ Neural Networks 1 i
_ i - ¢ Neural Networks
1 1 1 1 11 | 1 1 1 1 1 1 11 | 1’40 ! ! ; ! ! ’
1.40 5 10 50 100 3 4 65 6 7 8910 20 30 40 50 6070
Q? qQ?

NEURAL NET DISCARDS INCONSISTENT DATA & PROVIDES GOOD FIT TO THE REST



STOPPING 2007

MINIMIZE BY GENETIC ALGORITHM:
AT EACH GENERATION, THE X2 EITHER UNCHANGED OR DECREASING

e DIVIDE THE DATA IN TWO SETS: TRAINING AND
e MINIMIZE THE X2 OF THE DATA IN THE TRAINING SET

e AT EACH ITERATION, COMPUTE THE FOR THE DATA IN THE SET (NOT
USED FOR FITTING)

e WHEN THE STOPS DECREASING, STOP THE FIT

0.08
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0.05

0.04
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0.01

IIII|IIII|IIII|IIII|IIII|||l|||||||||||
S—
I—"—.—b—l

-

e
N

-



STOPPING 2007

MINIMIZE BY GENETIC ALGORITHM:
AT EACH GENERATION, THE X2 EITHER UNCHANGED OR DECREASING

e DIVIDE THE DATA IN TWO SETS: TRAINING AND
e MINIMIZE THE X2 OF THE DATA IN THE TRAINING SET

e AT EACH ITERATION, COMPUTE THE )~ FOR THE DATA IN THE SET (NOT
USED FOR FITTING)
e WHEN THE STOPS DECREASING, STOP THE FIT
GO!
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STOPPING 2007

MINIMIZE BY GENETIC ALGORITHM:
AT EACH GENERATION, THE X2 EITHER UNCHANGED OR DECREASING

e DIVIDE THE DATA IN TWO SETS: TRAINING AND
e MINIMIZE THE X2 OF THE DATA IN THE TRAINING SET

e AT EACH ITERATION, COMPUTE THE FOR THE DATA IN THE SET (NOT

USED FOR FITTING)
e WHEN THE STOPS DECREASING, STOP THE FIT

STOP!
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STOPPING 2007

MINIMIZE BY GENETIC ALGORITHM:
AT EACH GENERATION, THE X2 EITHER UNCHANGED OR DECREASING

e DIVIDE THE DATA IN TWO SETS: TRAINING AND
e MINIMIZE THE X2 OF THE DATA IN THE TRAINING SET

e AT EACH ITERATION, COMPUTE THE FOR THE DATA IN THE SET (NOT
USED FOR FITTING)
e WHEN THE STOPS DECREASING, STOP THE FIT
TOO LATE!
10 0.08
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THE FIRST PDF: NONSINGLET(NNPDF 2007)

NLO RESULTS: THE STRUCTURE FUNCTION Fi¥5(z, Q?)
VS z AT Q° = 15 GEV? VS Q* AT z = 0.15

0.07 C |13GeV2< Q2 <17 GeV? 0.09 C
= |[__] nNPOF - —
000 - |Egoreo 0.08 = [INNPDF
- | vRsT C [@ctea
E 07 W vRsT
° 055 B Avexin 00 - 1 I Alekhin
C e Dat -
~ 0.04 - = __0.06 — . ® Data
No No C ®
% 0.03F < 0.05F ¢ |
2 D I ®
zl.l-'N 2Z2a Ll i
0.02F 0.04 ! X,
: r |1
0.01 0.03F
C ‘
o 0.02— o #
-0.01_ I 0_01_ P ) | ! | L1 .I2
' 1 10 _ 10
X Q? [GeV?]

e COMPATIBLE WITH EXISTING FITS WITHIN ERROR
(even when they disagee with each other)

e UNCERTAINTY MUCH LARGER IN EXTRAPOLATION BUT ALSO IN DATA REGION
(note no other global fit data constrain gns)

e CENTRAL FIT DISAGREES WITH EXISTING FITS IN VALENCE REGION
0.1 <zx<0.3



THE DYSON PROBLEM: 2008

UNCERTAINTIES IN MSTW /CTEQ FITS OFTEN GO UP WHEN DATA ARE ADDED,
BECAUSE OF THE NEED TO ADD PARAMETERS

Smaller high-z gluon (and slightly smaller as) results in larger small-z gluon — now
shown at

Gluon at Q2 = 10° GeV?

o 1.1 T T TTTTTT T T IIIIIII T T IIIIIII T T TTTTT |I
= i

= 1.08 — MSTW 2008 NNLO

2 ool

to MSTW 2008

1.06 55“ —— MRST 2006 NNLO

\\H
B ] 1

0.94 HI

oo mm

09 1 1 ||||||I 1 1 ||||||I 1 1 ||||||I 1 |||||||I

10°° 10 10 102 10 1

Ratio

Larger small-z uncertainty due to extrat free parameter.

PDF4ALHCMSTW 24

R. Thorne, HERALHC2008



THE 2ND HERALHC BENCHMARK (2008)

e PERFORM A MRST (MRSTBENCH) FIT TO A CONSISTENT SUBSET OF DATA, USE Ax? =1
—> RESULTS NOT CONSISTENT, UNCERTAINTY DOES NOT GROW AS DATASET DECREASES

e ...BUT MRST WAS DONE WITH TOLERANCE 50: REPEAT WITH DYNAMICAL TOLERANCE
(MSTWOS8SBENCH)

e IMPROVEMENT, BUT PROBLEM NOT SOLVED
— MUST TUNE PARAMETRIZATION AND STATISTICAL TREATMENT TO DATASET

Up valence distribution

el 08— | R B R LAL) B R R ALl | B R R RRL)

F > 1

0.8~ |:|MRST bench 8 . -

B - pd 0.7 —— MSTWO08 bench N

~ N C ]
0'7: . MRST2001E I B

a o 0.6 n
0.6 O.\ L
T | Z o5t

> L > 0.5 -
3 0.5:— \ i a
8 = ||I [

n 0.4 ' 0.4 o
k< ; L
X r ! C

503 0.3 -
x C i L

02 0.2]- .

0.1 .

E vl il v 0 T T

10 10° 10? 10" 1 10 10° 102 10"

X



WHAT DETERMINES PDF UNCERTAINTIES?
THE NNPDF1.0 REVOLUTION (2008)

NNPDF BENCH vs MRST/MSTW

MRST/MSTW: BENCH VS REF NNPDF: BENCH VS REF BENCH

Up valence distribution

C.\’l-\ 0-8_ T IIIII|| T T IIIIII| T I|IIII| T II\II_ Up valence diStribUtion
% r NPDF—bench—H-L CG-\ 0-8_ T 17T IHIII T 1771 IIIIII T T lIIIIl 1T IHI_
L ] ] > L
© 07 —— mMsTWO08 bench ] 3 ]
c: F ] = o.7:— HERA-LHC bench g
o 0.6 7 MRSTO1 global 7 | . ]
(e r S o 0.6F NNPDF -
X MSTWO8 global c ]
= 05~ N - “ [ 7 1
5 | = 0s- 7 MRSTOT ]
C = , ]
0.4 . r %& §
: 04 S MSTWO08 1
0.3~ ] E ]
: 0.3 -
0.2F . -
L . 0.2 —
0.1 ] _
L ] 0.1 ]
0 " I IIIIIII|3 ! IIII|”|2 ! IIII|”|1 — C | IIIIIII‘ | II|IIII| | \IIIIII| L1t 0: IIIIII| i IIIIII| | IIIIIII| T
10 10° 10° 10 . 3 . .
10 10 102 10" 1 10% 10° 102 10"

X X

e SINGLE PARAMETRIZATION AND STAT. TREATMENT CAN ACCOMMODATE DIFFERENT
DATASETS

e [IMPACT OF DATA CAN BE STUDIED INDEPENDENT OF THEORETICAL FRAMEWORK



“FUNCTIONAL” PDF UNCERTAINTIES
THE 2008 PDF4LHC NNPDF STUDY

Thanks to J. Pumplin

e FIT TO REPLICAS VS. FIT TO DATA PARTITIONS <
<FLUCTUATION OF DATA (TRUE) VS. FLUCTUATION OF REPLICAS (NOMINAL)

e FIT TO PARTITIONS VS. FIT TO A SINGLE PARTITION <<
<~ UNCERTAINTY DUE TO DATA VS. UNCERTAINTY DUE TO OTHER SOURCES

e OPTIMAL FIT VS. OVERLEARNING FIT <=
<~ UNDERLYING LAW VS. STATISTICAL NOISE



WHERE IS THE UNCERTAINTY COMING FROM?
FIT TO REPLICAS VS RANDOM SUBSET OF CENTRAL VAL.S
LIGHT QUARKS

XT, (x, &)
° o

REPLICAS CENTRAL V.
x* 1.32 1.32
X%)rep | 2.79£0.24 | 1.65 £ 0.20
(odat) 0.039 0.035
GLUE
replicas &

xs, (x, Q@)
s e o

e QUALITY OF FIT &PDFS UNCHANGED
e REDUCTION OF (X2)rep BY FACTOR ~ 2 = FLUCTUATIONS ABOUT TRUE VALUE HALVED

e UNCERTAINTY ON DATA ONLY REDUCED BY 1.1 = EXPT. UNCERTAINTIES UNDERESTIMATED
OR UNDERLYING INCOMPRESSIBLE UNCERTAINTY



WHERE IS THE UNCERTAINTY COMING FROM?
CENTRAL VALUES: VARYING PARTITION VS FIXED PARTITION

REPLICAS CENTRAL VALUE FIXED PARTITION
% 1.32 1.32 ~1.3
X%)rep | 2.79£0.24 1.65 =+ 0.20 ~1.6+0.2
(odat) 0.039 0.035 ~0.03

fixed partition results obtained averaging over 5 different choices of

partition (100 replicas each); more partitions needed for accurate results

e QUALITY OF FIT UNCHANGED
e (X?)rep UNCHANGED => CENTRAL FIT UNCHANGED

e UNCERTAINTY ON PREDICTION (I.E. ON PDFS) REDUCED

[ToraLsETS |

i3 i —E,, - Tot

- s & B o =)
T T T

L L 1 L L I I . -
0 100 200 300 400 500 600 700 'y

| | | I I I L I
GA generations 500 1000 1500 2000 2500 3000 3500 4000

GA agenerations

FUNCTIONAL UNCERTAINTY

e MORE THAN HALF OF UNCERTAINTY DUE TO “FUNCTIONAL
FORM”: (09%") =~ 0.3 SMALLER FOR HERA DATA

e REMAINING UNCERTAINTY ROUGHLY SCALES WITH DATA UN-
CERTAINTY: (092%) =~ 0.005 CENT.: {c%®*) =~ 0.009 REP.

VALENCE




ARE WE CONSTRAINED BY THE FUNCTIONAL FORM?
REMOVE STOPPING: OVERLEARNING FIT

PERFORM A FIT WITH A FIXED, VERY LARGE NUMBER OF GA GENERATIONS:
25000 gens. (AVERAGE 1000 gens. FOR STANDARD FIT)

STANDARD STOPPING FIXED LONG
REPLICAS CENTRAL VALUE FIXED PARTITION REPLICAS CENTRAL VALUE

1.32 1.32 ~1.3 1.18 1.19

(X*)rep || 2.79£0.24 1.65 & 0.20 ~ 1.6 £0.2 2.43+0.13 1.29 £ 0.06
2.76 1.59 ~1.6 2.40 1.27
(X2.1)rep 2.80 1.61 ~1.6 2.47 1.30
(o9at) 0.039 0.035 ~0.03 0.032 0.019

X2 OF THE GLOBAL FIT DECREASES A LOT!
IS IT REALLY OVERLEARNING? GLUON

e PERCENTAGE DIFFERENCE BETWEEN VALIDATION AND TRAINING
(x?)rep MORE THAN DOUBLED (FROM 1.5% TO 3%)

(NOTE 1650 DATA POINTS EACH)
e SOME PDFS HAVE FUNNY SHAPES

xg (x, Q)

e REDUCTION OF (c92t) BY FACTOR 1.7 > /2
WHEN GOING FROM REPLICAS TO CENTRAL VALUES

TRIPLET

e AMOUNT OF OVERLEARNING SMALL, < (X?)rep DOUBLES WHEN
GOING FROM CENTRAL VALS. TO REPLICAS, e
SHOULD REMAIN UNCHANGED FOR EXTREME OVERLEARNING




WHERE IS THE UNCERTAINTY COMING FROM?
WHEN THE BEST FIT IS NOT AT THE MINIMUM

STANDARD STOPPING FIXED LONG
REPLICAS CENTRAL VALUE FIXED PARTITION REPLICAS CENTRAL VALUE
X2 1.32 1.32 1.35 1.18 1.19
O Drep || 279 £0.24 | 1.65+0.20 1.60 £ 0.19 243 +0.13 | 1.29+0.06
(o3t 0.39 0.35 0.28 0.32 0.19
e FIT QUALITY:

— “FUNCTIONAL” UNCERTAINTY SUPPRESSED IN OVERLEARNING FITS:
= (09%%) ~ (0.2 = “DATA” UNCERTAINTY

— FLUCTUATION OF <X2>rep FOR OVERLEARNING FIT STATISTICAL:

— FLUCTUATION OF {X?);¢p IN STANDARD FIT MUCH LARGER:
CONTROLLED BY DISTANCE FROM THE MINIMUM

IF AXQ — 1 DUE TO UNDERLYING PARM AT X?nin , THEN ONE SIGMA VARIATION AROUND
2 2 2 2
XO > Xmin EQUALS \/XO o Xmin

e DATA INCONSISTENCY: FOR STANDARD FIT, VALUE OF X2 =1.3>1
= ERRORS UNDERESTIMATED BY 30%




FROM NNPDF1.0 TO NNPDF1.2: STRANGENESS

e STRANGENESS ALMOST UNCONSTRAINED BY INCLUSIVE DIS DATA
NNPDF1.1: s, § (actually si) indep. parametrized, no dimuon data

e IN PARTON FITS UP TO 2009 — STRANGENESS FIXED BY ASSUMPTION
NNPDF1.0: s(z,Q3) = (%, Q3), s+ 5 = 3(u + d)

e IN CURRENT PARTON FITS — STRANGENESS FIXED BY DIS DIMUON PRODUCTION v + s — ¢

NNPDF1.2: s, 5 (actually si) indep. parametrized, dimuon data

[InneDF1.2
[CInnpoF1.1
NNPDF1.0

- 2
xs™ (X, Qo)
o

o b Lo Lo Lo Lo Lo Lo n Lo Laaas
0.1 02 03 04 05 06 07 08 09
X

< -

C [TInnpOF1.2

s E [CInneDF1.1

“k NNPDF1.0
1=
0.5
o
0.5
A ;

10

STRANGE PDFS

0.15

0.1

C NNPDF1.0
0.051
-0.05[f
0.1

[InneDF1.2
[CInnpoF1.1

Covnn b o b b b bowna Lo boaa s L
0.1 02 03 04 05 06 07 08 09
X

[TInnPDF1.2
[CInnpOF1.1
NNPDF1.0




PDFs AND a,: NNPDF1.2 (2009)
NO ay, DEPENDENCE

e DETERMINE DISTANCE d IN UNITS OF asUg%) 0.117 0.121
STANDARD DEVIATION OF THE MEAN X 1.35 1.33
g = o FOR EACH PDF:> . Data Extra Data Extra
Nrep Z(CB, QO)
d 1.72 1.05 0.73 0.81
TWO DIFFERENT SUBSETS OF REPLICAS | {74} PO B | ol
OF SAME FIT (d) = 1 5
_ d 4.68 2.29 4.12 0.71
e DISTANCE BETWEEN PDFS WITH Aas = | (5%} pos e g a1z 0Tl
+0.002 COMPATIBLE WITH STATISTICAL T (2. 02)
FLUCTUATIONS <d[q]>0 0.71 0.71 1.55 0.96
for all PDF's, central values and uncertain- {d[o]) 0.93 0.75 1.11 0.78
ties, data and extrapolation regions V(z, Qf)
(dlq]) 0.92 0.74 1.89 1.72
e RECOMMENDED: TO ESTIMATE UNCER- <d[0]>2 0.94 | 071 0.67 | 0.65
Ag(z, QF)
TAINTY, VARY «s WITH PDFS FIXED AT S s S R - —
STANDARD NNPDF SET (d]o]) 0.67 0.83 0.78 0.76
NNPDF GLUON
as = 0.119 as = 0.117 as = 0.121

xg x, G3)
xg (x, Q)
xg (x, @)

L L L n L L 1l L I L sl M L L
5 -4 -3 2 -1 195 3 2 1 2 " L L sl L N
10 10 10 « W 10 1 10 10 10 « 10 10° Er 104 107 R 102 101




THE CONTEMPORARY ERA: 2010 AND BEYOND

NNPDF2.0: THE PROBLEM OF NLO FITTING

OTHER EXISTING GLOBAL FITS ARE NOT FULLY NLO

MSTW, CTEQ: DRELL-YAN TREATED AT LO+ K—-FACTORS

OTHER EXISTING NLO FITS ARE NOT GLOBAL

HERAPDF oONLY DIS, ALEKHIN (ABKM) DIS+SOME FIXED-TARGET DRELL-YAN

BOTTLENECK: FAST COMPUTATION OF DOUBLE CONVOLUTIONS FOR HADRONIC

PROCESSES

MELLIN SPACE APPROACH INCOVENIENT FOR JETS, & FOR GENERAL PARTON

PARAMETRIZATIONS

NNPDF2.0: THE FIRST GLOBAL NLO FIT

GRID-BASED METHODS: EXPANSION OF PDFS ON
BASES OF POLYNOMIALS, PRECOMPUTE CONVOLUTION
WITH BASIS FUNCTIONS (Pascaud, Zomer, 2001)

FASTNLO: FAST INTERFACE FOR JET CROSS SECTIONS
(Kluge, Rabbertz, Wobisch 2006)

NNPDF2.0 USES FASTKERNEL: GRID METHOD INTER-
FACED TO N-SPACE COMPUTATION OF GLAP GREEN
FUNCTIONS, INTERFACED TO FASTNLO FOR JETS AND
TO SUITABLE FAST-DY (NNPDF, 2010)

MORE RECENTLY APPLGRID: OPTIMIZED GRID, PO-
TENTIALLY UNIVERSAL INTERFACE, IMPLEMENTED FOR
JETS, W AND Z PRODUCTION (Carli et al., 2010)

0.00001

FASTKERNEL PERC. ACCURACY

0.1

FastKernel METHOD 1

E605




THE POWER OF GLOBAL FITTING: CONSISTENCY
DIS DATA VS. JET DATA

| [ DIS [ DIS+JET | NNPDF2.0 |
XZot 1.20 1.18 1.21
NMC-pd 0.85 0.86 0.99 [_NNPDF2.0 dataset |
NMC 169 166 1.69 1065_ I3 :xgpd:
SLAC 1.37 1.31 1.34 F| ¢ st
BCDMS 1.26 1.27 1.27 10°g] | henaa
HERAI 1.13 1.13 1.14 — mf,:N
CHORUS 1.13 1.11 1.18 3105 ¢ ovems
FLH108 1.51 1.49 1.49 o X e
NTVDMN 0.71 0.75 0.67 z ' F| xS
ZEUS-H2 1.50 1.49 1.51 5 107 L
CDFR2KT 0.91 0.79 0.80
DOR2CON 1.00 0.93 0.93 10L
DYEG605 7.32 10.35 0.88 E
DYES66 2.24 2.59 1.28 e
CDFWASY 13.06 14.13 1.85
CDFZRAP 3.12 3.31 2.02
DOZRAP 0.65 0.68 0.47
. HIGH ET JET DATA WELL REPRODUCED Distance between central values
EVEN WHEN NOT FITTED = :T;_ NNPDF 20-DIS vs. 20DISHET | “-Gé [ meores-on
LARGE x GLUON WELL DETERMINED BY R st [ Jwwona-om-
SCALING VIOLATIONS! I
e SIGNIFICANT IMPROVEMENT IN LARGE = * ’
GLUON ACCURACY o

Ll I L L L L | L
X 0.1 02 03 04 05 06 07 08 09
x

e OTHER PDFS UNCHANGED



THE POWER OF GLOBAL FITTING: ACCURACY
DIS+JETS vS. DRELL-YAN (AND W, Z) DATA

| [ DIS | DIS+JET | NNPDF2.0 |

XEot 1.20 1.18 1.21
NMC-pd 0.85 0.86 0.99
NMC 1.69 1.66 1.69
SLAC 1.37 1.31 1.34
BCDMS 1.26 1.27 1.27
HERAI 1.13 1.13 1.14
CHORUS 1.13 T.11 1.18
FLH108 1.51 1.49 1.49
NTVDMN 0.71 0.75 0.67
ZEUS-H2 1.50 1.49 1.51
CDFR2KT 0.91 0.79 0.80
DOR2CON 1.00 0.93 0.93
DYEGO5 7.32 10.35 0.88
DYES66 2.24 2.59 1.28
CDFWASY | 13.06 14.13 1.85
CDFZRAP 3.12 3.31 2.02
DOZRAP 0.65 0.68 0.47

e VERY SUBSTANTIAL IMPROVEMENT IN
FIT QUALITY WHEN DATA INCLUDED =
SOME PDF COMBINATIONS POORLY DE-
TERMINED WITHOUT THESE DATA

[_NNPDF2.0 dataset |
6L X NMCpd
10 E| * NmC
F| + stac
F| + Bcoms
5| | HERAI-AV
10°E CHORUS
F| e FLH108
. | ® NTVOMN
L || x zEush2
© 10°E| % Dvesos
o E| o Dvesss
= [| x corwasy
% CDFZRAP
= 10° 5 DOZRAP
o E| % cDFRKT
= Fl o por2con
= C
o
O 10°E
E 2] -4
- [ 3
10 -
1_ T " Lol
10° 10* 0° 107 10" 1

bl l L 1
01 02 03 04

1 L
05 06
X

L L
07 08 09

e HUGE IMPROVEMENT IN SEA ASYM
4 — d & STRANGENESS s — 5
e SIGNIFICANT IMPROVEMENT IN TOTAL o

VALENCE (3°,(¢s — g;)) & ISOTRIPLET %=
(u+a— (d+d)) )

D e
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GLOBAL FITS & DATA COMPATIBILITY
FIT QUALITY: DIS DATA AND HADRONIC DATA

NNPDF2.0
Distribution of y2 for sets
2
1.8
=y e | .
1.4
1.2
1=
0.8
0.6~ BEER--
0.4
0.2F
0 \\@ ox 6%0@ & oeq s c,°° 9;\ gzv @%&\:\:@‘s\;@% < é,qég,e @q, A @@ E @L&oo\x
&0 & &

Q»“ S

e NO OBVIOUS MUTUAL TENSION BETWEEN DIS AND HADRONIC DATA

e CLEAR SIGN OF INTERNAL DATA INCONSISTENCIES
(NMC DIS pATA, CDF Z AND W RAPIDITY DISTRIBUTIONS)



A SENSITIVE TEST: IS THE IMPACT OF A DATASET INDEP. OF THE DATA IT IS ADDED TO?

GLOBAL FITS & DATA COMPATIBILITY
DIS VS. HADRONIC DATA

ADDING JET DATA. ..

... TO DIS DATA

—— NNPDF2.0 DIS

— NNPDF2.0 DIS+JET

)
T T T[T T

)
e
@

2
o

xV (x, Q'

—— NNPDF2.0 DIS

— NNPDF2.0 DIS+JET

...To DIS

0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9
X
—— NNPDF2.0 DIS
—— NNPDF2.0 DIS+DY
& 1 L 1 1 L I ! I
0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9

-0.02—

—— NNPDF2.0 DIS

—— NNPDF2.0 DIS+DY

0.2 03 0.4 0.5 0.6 0.7 0.8 0.9

0.1

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

... TO DIS+DY DATA

07

—— NNPDF2.0
0.6

—— NNPDF2.0 DIS+DY
05

°
=

T T T T T T

I T I T I T

ADDING DRELL-YAN DATA. ..
... TO DIS+JET DATA

DATA

N

e
©

o

XV (x, Q%)

—— NNPDF2.0 DIS

—— NNPDF2.0 DIS+DY

0.1

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

o

xs (x, Q%)
o
S

0.

—— NNPDF2.0 DIS

—— NNPDF2.0 DIS+DY

-0.02
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FITS COMMUTE = GOOD COMPATIBILITY!




HEAVY QUARK MASS EFFECTS
FONLL & NNPDF2.1

MANY FITS (CTEQ<6, NNPDF, ALEKHIN<O9) TREAT CHARM

AS MASSLESS ABOVE THRESHOLD = “ZMVFN” SCHEME W
COMBINED MATCHED SCHEMES AVAILABLE SINCE LONG W
(ACOT94, FONLLO98) INCLUDING CHARM MASS ALONG Z

WITH LL RESUMMATION; ALTERNATIVE TR/TR’ PROCEDURE
IMPLEMENTED SINCE 98 IN MRST

CHANGE CTEQ61—CTEQ6.5 IN oy, & AGREEMENT WITH
MRST SPOILED (LATER RESTORED)

RECENT PROGRESS!:

THE LES HOUCHES 2009 BENCHMARKS

0.4 -—I'I'I'|'l|1—l'|'l'l|'l1—l'l'l'l'll1—l'l'l'l'l|l1—|'l'l'l|'ll-l
FONLL/SACOT .

SACOT-+x1 (CTEQB.6) —

03
L\ SACOT+x2 (ACOT—y)

s —dsppr in units of s CTEQB66ML

LHC,NLO

W*hOsi 201
W~ h%H 201
tt 71

WHEN CTEQ IMPLEMENTED ACOT IN 2008, SURPRISING ggﬁE"gggL
+ L’

1
Knneo !

—&—==4~  u CTEQ6.6
-=#— % CTEQ6.1
:*—'% A |C-Sea
”‘—-::*—4
AR —
—e—

0.9 1 1.1 1.2

(Nadolsky et al., 2008)

e FONLL PRESCRIPTION RECENTLY ALSO IMPLEMENTED FOR

] ] DIS, AVAILABLE TO O(a?2)
0.2 | Q=4 GeV* (LIKE TR/TR’, ACOT ONLY TO O(as))
e O(as) FONLL, ACOT COINCIDE EXACTLY, TR’ DIFFERS BY
0.1 | . SUBLEADING O(a?(m¢)) Q?~INDEP. TERM

[ N
105104103 1072 101 100
X

(Rojo et al., 2010)

e VARIOUS PRESCRIPTIONS FOR HANDLING SUBLEADING
TERMS (“xY—SCALING”): DIFFERENCES SIZABLE

1.3



CORRELATION m./PDFs

HQ AMBIGUITIES ON PDFS (2010

DEP. OF CHARM ON m.

LHC 7 TeV - Different HQ schemes

|:| NNPDF2.1 0.97 ZM-VFN
D NNPDF2.1 FONLL-A-plain 096 r

(Z%B5 [nb]
o
8

FONLL-A-plain FONLL-A-damp 4

PDF+m +THRESHOLD SUBL TERMS

Am. = 0.1 GEV

(PDG POLE MASS ~ 0.15 GEV, HOW-
EVER UNCERTAINTY CAN BE REDUCED BY
CLEVER USE OF M S MASS (ALEKHIN, MOCH,
2010))+

PDF UNCERTAINTY INCREASED BY ~

e FURTHER

UNCERTAINTY

ON CHARM — LIGHT PDFs
TO SUBLEADING
TERMS AT THRESHOLD

DUE

e DAMPED

SUBLEADING

TERMS = LESS CHARM
— MORE LIGHT QUARKS

(LARGER o 7)
TOTAL UNCERTAINTY
| LHC 7 TEV | wTB;, Insl | W By, Insl z9 B, Ins]

mc = 1.414GEV_| 5.99 £ 0.14 | 4.09 F 0.09 0.932 £ 0.02
me = 1.5 GEV 6.06 £ 0.17 | 4.14 £0.12 | 0.943 £ 0.024
me = 1.6 GEV 6.11 4+ 0.14 | 4.174+0.10 | 0.951 4 0.020
me = 1.7 GEV 6.144+0.14 | 4.1940.09 | 0.956 4+ 0.019

SPDF 0.14 0.09 0.019

SPDF +me 0.15 0.10 0.021

SPDF+me+GM 0.19 0.12 0.025

| p [0, mc] | 0.44 0.41 0.48

30% DUE TO HQ AT LHC7
(~ 40% AT LHC14)

LESSON FOR LHC
HQ MASS & THRESHOLD BEHAVIOUR AFFECT HIGH ENERGY OBSERVABLES THROUGH THE

SIZE OF THE CHARM AND BOTTOM PDFs

COMBINED HERA DATA WILL LEAD TO MUCH IMPROVED KNOWLEDGE OF BOTH

HOWEVER, EVENTUALLY, IT WOULD BE BETTER TO DETERMINE THE ¢ AND b SIZE AT LHC
WITHOUT HAVING TO RELY ON LOW-ENERGY DATA
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Abs.er.(xg) (x, Qﬁ)
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NNPDF2.1:REWEIGHTING (2011)

INCLUSION OF JET DATA: REWEIGHTING VS. REFITTING
NNPDF2.0DIS+DY vs. NNPDF2.0FULL

GLUON

NNPDF2.0 (DIS+DYP)
[] NNPDF2.0 (DIS+DYP) + rw JET
[_] nnPDF20

GLUON UNCERTAINTY

NNPDF2.0 (DIS+DYP)
--------- NNPDF2.0 (DIS+DYP) + rw JET

------------------ NNPDF2.0

dl a(x.Q?) ]

d[ 54(x.Q0) ]

DISTANCES

Distance between central values

NNPDF2.0 vs. NNPDF2.0 DIS+DYP + Jets(RW) (100

dl q(x,Q?) 1

0.1

02 03 04 05 06 07 08 09

0
X
Distance between PDF uncertainties

— T T T T T T T
Tg NNPDF2.0 vs. NNPDF2.0 DIS+DYP + Jets(RW) (100
g ------ 1

V .
As
Y —

dl 64(x.Qp%) 1

0.1

02 03 04 05 08 07 08 09

Distance between central values
6 5 T T T T
Tg NNPDF2.0 vs. NNPDF2.0 DIS+DYP + Jets(RW) (100
53 1
Ag
4 18y e
S,
3 .

0 1 1 1 1
1e-05 0.0001 0.001 0.01 0.1 1
X
Distance between PDF uncertainties
6 > T T T T
Tg NNPDF2.0 vs. NNPDF2.0 DIS+DYP + Jets(RW) (100
53 - 1
As
4 1Sy e
S.
3 -

0
1e-05

0.0001 0.001 0.01 0.1 1

d ~ 1 = STATISTICAL EQUIVALENCE
(d = n & n o DISCREPANCY)

STATISTICAL INTERPRETATION VALIDATED



REWEIGHTING & DATA CONSISTENCY

e [INCONSISTENT DATA < UNDERESTIMATED UNCERTAINTIES

e RESCALE ALL UNCERTAINTIES IN A GIVEN EXPERIMENT BY SOME FACTOR o
X2 = x°/a (TOLERANCE)

e DETERMINE PROBABILITY DISTRIBUTION OF « VALUES BY BAYES’ THEOREM

= REWEIGHTING: P(a) = 2 57N wiwi(a).

JETS DO e INCLUSIVE

P ( (X) %.018; P ((X)

0.05F i 0.016

0.014
0.012

0.01
r 0.008
0.021— 0.006

0.004

[TTT [T TI T TIT [T [TTT]T7T] T

0.002

OQ
4
|
w
F-Y
(3]

OIII‘1”“‘2IIII3‘II‘4IIII5l

o o

e JETS: — CONSISTENT DATA

e WT CHARGE ASYMMETRIES, DO INCLUSIVE e DATA =

DO e HIGH Er

B.022F
-8
0.02
0.018
0.016
0.014
0.012
0.01
0.008
0.006
0.004
0.002F

-P(@)

3

UNCERTAINTIES UNDERESTIMATED BY ~ 30% (PROB. PEAKS AT o ~ 1.6)

e WT CHARGE ASYMMETRIES, DO e DATA WITH E1 > 35 GEV = INCONSISTENT DATA




NNPDF2.3: LHC DATA!

ox (S, M?() = Za,b fa}min dwl d.CUQ fa/hl (xl)fb/hQ (wg)a’qaqb_hx (3313328, Miv)

NNPDF2.3 Dataset

NMCPD
NMC

SLAC
BCDMS
HERA1AV
CHORUS
FLH108
NTVDMN
ZEUSH2
ZEUSF2C
H1F2C
DYE886
DYE605
CDFWASY
CDFZRAP
DOZRAP
ATLASWZRAP
DOR2CON
CDFR2KT
ATLASRO4JETS
CMSWEASY
LHCBW

107

OQOXO0OO0O0OO0O0OOMODX X X X X X X X X X X

2
!
2
IIIII|T|'| IIlIII|T| T TTTII IIIIII|T| IIIII|T|] IIIIII|T| TTTI T

1 1 IIIIIIIi

£ X o

10° 10

—_
o
&

10°
X

102

107

1

Q" (GeV)

LHC KINEMATICS

LHC parton kinematics

X
= Q

12 = (M/14 TeV) exp(ty)
=M M =10 TeV
M =100 GeV

fixed
target

MSTWOS8

CT10

NNPDF2.3

HERAPDF1.5

JRO9

HERA DIS
FIXED-TARGET DIS
FIXED-TARGET DY
TEVATRON W+ Z+JETS
LHC W+ Z+JETS

x NN

x NN

SN

> % % %

RIS N NN




1.26
1.24
1.22

—1.2
0o
21.18

=1.16
)

114
.12
14
1.08

1.06

LHC EW STANDARD CANDLES
AT HIGGS DISCOVERY (2012)

W

LHC 8 TeV 6(W") - VRAP NNLO -0 = 0.118

NNPDF2.3
MSTWO08

T4

A
G110

ABM11
HERAPDF1.5

—_——
+
+
— 00—
—_—

CMS 2072 |

rprrr[yrrr[yrrr|yrrrJyrrr[rrr

Z

LHC 8 TeV o(Z% - VRAP NNLO - ag = 0.118

NNPDF2.3

QT

A AR
MSTWUOO6

CT10

ABM11
HERAPDF1.5

CMS 2012

TTTTT[TTT[TTT[TTT[TTT IIIIIII TTT[TTT]TTT

W=
LHC 8 TeV (W) - VRAP NNLO - ag =0.118

5'65 —@— NNPDF23 3
55: MSTWO08 -

E —&— cTi0 3

54F i ABM11 3

E ——@®— HERAPDF1.5 3

o) 53: CMS 2012 _
=1 = 3
g 5.2E l E
@ 5.1¢ l =
S st ) -
4.9F + D
4.8F -
4.7E -

e GLOBAL FITS IN GOOD MUTUAL AGREE-

MENT

e DIS-ONLY FIT SAFE (HERAPDF) SAFE,

BUT LARGE UNCERTAINTY
e WEAK DEPENDENCE ON o

e LHC DATA SOON TO PROVIDE COMPET-

ITIVE CONSTRAINTS



PARTON LUMINOSITIES: QUARK SECTOR (gq)

GLOBAL PDF SETS OTHER PDF SETS
(ratio to NNPDF2.3) (ratio to NNPDF2.3)
LHC 8 TeV - Ratio to NNPDF2.3 NNLO - o, =0.118 LHC 8 TeV - Ratio to NNPDF2.3 NNLO - o, =0.118

1'3 T T T T L B | I T T T T T T 17T I
[ NNPDF2.3 NNLO

-=:==2 CT10 NNLO
-+4-22: MSTW2008 NNLO

T T T T T T
B8 NNPDF2.3 NNLO
-=+===: ABM11 NNLO
--=--- HERAPDF1.5 NNLO

/

/

/)
____4

O, e~

Quark - Antiquark Luminosity
Quark - Antiquark Luminosity
o
a1

0.95

0.85 0.85F

0.8 - L 0.8¢ .
10° M, 10 10° M, 10

® CROSS-SECTIONS REFLECT UNDERLYING LUMINOSITIES
FEWER DATA — LARGER UNCERTAINTIES (OR SYSTEMATIC BIAS)

e GLOBAL SETS: GOOD AGREEMENT IN THE REGION OF THE EW SCALE
e UNCERTAINTIES BLOW UP FOR LARGE-MASS FINAL STATES



CONTINUOUS PROGRESS

GLOBAL PDF SETS: THE W CROSS-SECTION
2010 NLO PDFs 2012 NLO PDFs 2012 NNLO PDFs

LHC 8 TeV - VRAP NLO - 2010 PDFs - PDF +otg LHC 8 TeV - VRAP NLO - 2012 PDFs - PDF + o LHC 8 TeV - VRAP NNLO - 2012 PDFs - PDF + o

o(W") B, [pb]

7.4
o[ 0=0.117,.0119... 270117, 0.119...2,=0.117,.0.119 i 7 2l 0em0.117,.0019. . 0,=0.117,.0.119.... 2,=0.117..0.119 ‘“’=01170119%=01170119a’=°"70"9_
N ] C 7.2
........................................................................ 7_ P C
—_ L — 7
2 ool &
= 6.8 1 o C
o | f Y
o r o
6.6
RN ] Fee
—e- NNPDF2.0 LR EETE TR S =@+ NNPDF23 -+ F —e- NNPDF2.3
e s Tos s4r S MSTWOS 6.4- = MSTW0B
-e- CTEQ6.6 ] . 2: -~ CT10 ] - - CT10
—="CMS data <l ——"€MS data ] 6.2 LMY dafE

e Each datapoint includes PDF+as uncertainty; Aas = 0.001

e a; = 0.117 and as = 0.119 predictions given for each set
(note all PDFs depend on asy)

e horizontal (purple) line show envelope of predictions
IMPROVEMENTS
MORE GENERAL PARAMETRIZATION (CTEQ, MSTW)
NNLO FITS AVAILABLE (NNPDF, CTEQ)

FULL TREATMENT OF CHARM MASS (NNPDF)
CONTINUOUS BENCHMARKING



PARTON LUMINOSITIES: GLUON SECTOR

GLOBAL PDF SETS
(ratio to NNPDF2.3)

LHC 8 TeV - Ratio to NNPDF2.3 NNLO - o,=0.118

T T T T T LI |
1 o5E-| S NNPDF2.3 NNLO
-===== CT10NNLO

>

2 <=2<»2 MSTW2008 NNLO
c1.15

e

>

|

C

E 105\
O]

$0.95

=

O]

OTHER PDF SETS
(ratio to NNPDF2.3)

LHC 8 TeV - Ratio to NNPDF2.3 NNLO - o, =0.118

YV R T
S
VPP PP Is

T T T T T LI I
195 S NNPDF2.3 NNLO
-=====: ABM11 NNLO
---+-= HERAPDF1.5 NNLO

Gluon - Gluon Luminosity
o
(8]

e FEWER DATA — LARGER UNCERTAINTIES (OR SYSTEMATIC BIAS)

e GLOBAL SETS: NOT SO GOOD AGREEMENT IN THE REGION OF THE EW

SCALE

e UNCERTAINTIES BLOW UP FOR LARGE-MASS FINAL STATES



THE FIRST PDF4LHC PRESCRIPTION
HIGGS IN GLUON FUSION

LHC 8 TeV - iHixs 1.3 NNLO - PDF4ag uncertainties

20.5¢ .

C 0,=0.117, 0.119 o=0.117, 0.119 0,=0.117, 0.119 _

] A TE e A —
19_5:_ ........................... L T OO _:
T - N .
: 9:_ ................. . ...................................................................................................................... _:
L - N2 §
0 18,5 ) TR S S —
18:_+NNPDF23 () .......................... _:

[ —¢— MSTWO08 .

L o 15[ E

e HOW CAN ONE HANDLE DISCREPANCIES WHICH ARE NOT UNDERSTOOD?
e CONSERVATIVE ANSWER: TAKE THE ENVELOPE OF RESULTS



UpP

THE IMPACT OF LHC DATA: NNPDF2.X
PDFS MOSTLY DETERMINED BY DIS DATA
NNPDF2.1 vs NNPDF2.1 DIS oONLY

DISTANCES (difference in units of st. dev.)

Distance between central values, Nrep=100

NNPDF2.1 MMLO REF ws, DIS-only

“a
\ a
b

B’U

=

Xu(x,Q), comparison

0.01 0.1 1

12

Distance between PDF uncertainties, Nrep=100

1U-Tg

8 s

NNPDF2.1 NNLO REF ws. DIS-only

d = 10 < one sigma difference

PDF COMPARISON
DOWN

xd(x,Q), comparison

nnpdf2.1nnlo

nnpdf2.1nnlo_dis

Q = 1.00e+02 GeV

Generated with APFEL 2.7.1 Web

fa| L
107

Ll f
10

Ll L
102
X

T | P
107

0.85

- nnpdf2.1nnlo

WY nnpdf2.1nnlo_dis

1 Q = 1.00e+02eV 14
\
1.05 \ 105
2 -\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\“\\\\\\\%\\ o
€ 1 e i

GLUON

xg(x,Q), comparison

1.15

0.95

Generated with APFEL 2.7.1 Web

09

fa| L Ll f
107 107

ALL DIFFERENCES BELOW ONE SIGMA

Ll L
102
X

ONLY UP-DOWN SEPARATION SIGNIFICANTLY AFFECTED

0.85

- nnpdf2.1nnlo

WY nnpdf2.1nnlo_dis ¥

Generated with APFEL 2.7.1 Web



RESOLVING DISCREPANCIES

THE IMPACT OF LHC DATA

AN EXAMPLE: THE d/u RATIO

THE d/u RATIO

[ Ratio to NNPDF2.0 |

_ THE CMS W ASYMMETRY

——--""-o -

CMS preliminary

\s=7TeV, 4.7 fb"’

------

1[_JNNPDF2.0
i JeTio

= 0.3
e p,>25 GeV
E |
7
@ i —e— Data
m 0-25 I
E) -
m -
- |
@) i
0.2+

1l |msTwos

e LONG-STANDING DISCREPANCY IN THE d/u RATIO BETWEEN MSTW AND

OTHER GLOBAL FITS

05 06 07

] I L] I

I [ I | 1 I I T T

NLO FEWZ 68% CL
CT10nlo .

5] NNPDF23nlo ]
HERAPDF15nlo

I MSTW2008nlo .

[~ MSTW2008CPdeutnlo |

e RESLOVED BY CMS W ASYMMETRY DATA

e EXPLAINED BY INSUFFICIENTLY FLEXIBLE PDF PARAMETRIZATION — NEW

MSTWOSDEUT SET

1.5 2
Muon |



NNPDF3.0: CLOSURE TESTS (2014)
LEVEL O THE GLUON

[ ASSUME VANISHING Level 0 closure test vs. MSTW
EXPERIMENTAL UNCERTAINTY ™

MUST BE ABLE TO GET Yy = 0

e UNCERTAINTY AT DATA POINTS TENDS TO ZERO
(NOT NECESSARILY ON PDEF!)
DEFINE ¢ = \/ X2ep) — X2
EQUALS FIT UNCERTAINTY/DATA UNCERTAINTY, CHECK

¢ — 0

e BEST FIT ON TOP OF “TRUTH” IN DATA REGION 05 10 10° , 107 100
FRACTIONAL UNCERTAINTY VS TRAINING LENGTH

T T L LA T T T —T 1T
- Level 0 Closure Test Fit

....... MSTW2008nlo68cl

xg(x,Qz)

PNOLA O LN WA o N

—_ ;Illllllllll IlllllllIIII[IIIIIIlIIIIIIIIIIIIlI:

x2 VS TRAINING LENGTH

Effectiveness of Genetic Algorithm in Level 0 Closure Tests Effectiveness of Genetic Algorithms in Level 0 Closure Tests

T T T T I T T T T T T T T I
—>— 0Old (2.3) genetic algorithm 0.45 — T

10’ .
—>— New genetic algorithm —%<— NNPDF3.0 GA settings

1 IIIIII|
¢ N
~

_IIII|IIII|IIII|IIII|IIII|IIII|III |Ill>klll

-->¢-- NNPDF2.3 GA settings

T IIIIIII|
1 IIIIIII|

}{IIII'IIII|IIII|IIII|IIIIIIIIIIIIII-

10* _ 10° 0
Number of Generations

104

—_
o
w
—
B

1
Number of GR Generations



LEVEL-0O, LEVEL-1 AND LEVEL-2

e LEVEL O: FAKE DATA GENERATED WITH NO UNCERTAINTY
— INTERPOLATION AND EXTRAPOLATION UNCERTAINTY

e LEVEL 1-2: FAKE DATA GENERATED WITH SAME UNCERTAINTY AS REAL
DATA (INCLUDING CORRELATIONS)

e LEVEL 1: NO PSEUDODATA REPLICAS:
— REPLICAS FITTED TO SAME DATA OVER AND OVER AGAIN
— FUNCTIONAL UNCERTAINTY DUE TO INFINITY OF EQUIVALENT MINIMA

e LEVEL 2: STANDARD NNPDF METHODOLOGY
=> REPLICAS FITTED TO PSEUDODATA REPLICAS
— DATA UNCERTAINTY

e THREE SOURCES OF UNCERTAINTY COMPARABLE IN DATA REGION

THE GLUON: LEVEL O, LEVEL 1 AND LEVEL 2
Ratios of gluon at different closure test levels Ratios of gluon at different closure test levels

TTTT | !
I

[ Lv/0 Closure Fit 51 [ Lv/0 Closure Fit
[l

B Lvi1 Closure Fit i B Lvi1 Closure Fit

] LvI2 Closure Fit i ] LvI2 Closure Fit
[l




LEVEL-2: CENTRAL VALUES AND UNCERTAINTIES
THE GLUON: FITTED/”TRUE” °

Ratio of Closure Test g to MSTW2008

1

LEVEL-2 FITTED 2 VS “TRUE”
Distribution of y? for experiments

I |
E=—== Closure test ¢
E MSTW2008nlo 32
losure test central x?
MSTW2008nlo central 32

Nign SLan BCpy, Chow NTyn MER, 2800, Hite, HER, Dvee. Dve, COr 00 ATy, Clis Lhos Tt
Mo Stac SCoug™HOR|d VouERa 74§USH5/§Z§RA§HAF255§86 YegpsOF 20 MlagSMs Hog TOp
Experiments

CENTRAL VALUES:
COMPARE FITTED VS. “TRUE” ?
BOTH FOR INDIVIDUAL EXPERIMENTS
& TOTAL DATASET

FOR TOTAL Ax? = 0.001 & 0.003

UNCERTAINTIES: DISTRIBUTION OF DEVIA-
TIONS BETWEEN FITTED AND “TRUE” PDFs
SAMPLED AT 20 POINTS BETWEEN 10~ ° AND 1
FIND 0.699% FOR ONE-SIGMA,
0.948% FOR TWO-SIGMA C.L.

NORM. DISTRIBUTION OF DEVIATIONS

Distribution of single replica fits in level 2 uncertainties

200
180
160
140

® 120

£ 100
L

Replica distribution

Gaussian distribution

N A o0 @
o O O O

m_llI|III|III|III|III|III|III|III|III|III|I

1 O

I-4 -3/II/I-2III/I-‘/II/II/IOIPI/I‘I/I/II/I2I 3 Ill4
Difference to theory (o)



dx, 0]

LEVEL-2 STABILITY TESTS
CHANGE UNDERLYING PDF ST (CT10, NNPDF2.3)

INCREASE MAXIMUM GA TRAINING LENGTH TO 80K
TESTS EFFICIENCY OF CROSS-VALIDATION

INCREASE NN ARCHITECTURE TO 2-20-15-1
NUMBER OF FREE PARAMETRES INCREASE BY MORE THAT 10X

CHANGE PDF PARAMETRIZATION BASIS
OLD: ISOTRIPLET, © — d, s + 5, s — 5;
NEW: ISOTRIPLET, SU(3)-OCTET, BOTH TOTAL (g + q) & VALENCE (q — q)

STATISTICAL EQUIVALENCE!

DISTANCES BETWEEN REF. AND NEW FIT.

difference in unites of standard deviation of the mean
30K GENS VS 80K GENS 2.3 BASIS VS 3.0 BASIS 300 vs 37 PARMS

Central Value Central Value Central Value
T T T T T T T T T T T T

20 20




NNPDF3.0: DATA CONSISTENCY

e RESCALE ALL UNCERTAINTIES 0 — ao: X° — x°/a® FOR A GIVEN EXPERIMENT
e DETERMINE PROBABILITY DISTRIBUTION P(«) (USING BAYES)

e DISCARD ALL EXPERIMENT FOR WHICH P(«) PEAKS WELL ABOVE ONE
TWO OUT OF MEDIAN, MODE, MEAN, GREATER THAN O'4}reshold

e x* = 1.29 FOR NNLO GOBAL, BECOMES X* = 1.16 FOR Qi¢hreshold = 1.3,

X2 — 1.10 FOR a¢hreshold = 1.2, X2 — 1.01 FOR o¢hreshold = 1.1, BUT
CONSIDERABLE DETERIORATION OF UNCERTAINTIES

CONSERV. VS. DEFAULT
GLUON AND VALENCE

| NNLO 0 = 0.118, O -2 GeV” o PEAK FOR EXPERIMENTS DISCARDED IN CONS. FIT
!Consewa,ivevumﬂ_ﬁ WHEN INCLUDED OR EXCLUDED FROM FIT
et Consenavea 2 | NNLO global fit NNLO cons. fit amax = 1.1

_ Experiment mean mode median mean mode median
M NMC o &P 1.27 1.26 1.27 1.50 1.45 1.48
> SLAC 1.13 1.09 1.12 1.61 1.37 1.48
x BCDMS 1.20 1.19 1.20 2.02 1.86 1.92
CHORUS 1.10 1.09 1.09 2.55 1.69 2.32
ZEUS HERA-II 1.25 1.24 1.25 1.38 1.33 1.36
H1 HERA-II 1.35 1.34 1.34 1.51 1.47 1.49
10° 10 10° 102 10" HERA O'I%C 1.14 1.11 1.13 1.13 1.09 1.12
NNLO, 0 = 0118, G = 2 GeV? E886 p 1.15 1.14 1.15 2.18 1.62 2.03
P ettt CDF Z rapidity 1.39 1.32 1.36 1.56 1.40 1.50
C B o I CDF Run-II k; jets 1.15 1.12 1.14 1.25 1.18 1.22
o ATLAS W, Z 2010 1.17 1.12 1.15 1.38 1.25 1.32
o ATLAS high-mass DY 1.00 1.34 1.63 1.63 1.19 1.45
i ] CMS W muon asy 1.60 1.40 1.53 2.90 2.48 2.81
CMS W+c total 1.50 1.09 1.33 1.85 1.37 1.67
CMS W +c ratio 2.00 1.39 1.69 2.12 1.58 1.94
CMS 2D DY 2011 1.28 1.27 1.28 1.29 1.28 1.29
LHCb 1.20 1.12 1.17 1.58 1.22 1.48




NNPDF3.0: THE IMPACT OF LHC (AND HERA) DATA

e OVERALL MEASURE OF IMPACT: FRACTIONAL UNCERTAINTY
¢ = FIT UNCERTAINTY/DATA UNCERTAINTY Dataset [ ¢,2 NLO | % 3 NNLO
_ Global 0.291 0.302
e HERA-II IMPACT SIZABLE AL S s
HERA all 0.375 0.343
e IMPACT OF LHC DATA MODERATE BUT VISIBLE HERA 4 ATLAS 0.391 0.318
HERA+4+CMS 0.315 0.345
e IMPACT OF CMS OR ATLAS COMPARABLE TO (MOD- Conservative 0.422 0.478
ERATE) IMPACT OF NON-LHC, NON-HERA DATA ~ — : —
GLOBAL VS NO LHC: g& d GLOBAL VS HERA+ATLAS: g& d  GLOBAL VS HERA+CMS: ¢& d
NNLO, ag = 0.118, Q% = 10* GeV? NNLO, ag = 0.118, Q% = 10* GeV? NNLO, ag = 0.118, Q% = 10* GeV?
1'2”§_IG,°ba.Fn o 1122_- HERA-only CTTT 1:_- HERA-only T
T % T |- HERA+ATLAS T |- HERA+CMS
G ISE e G 1 sobL - Global fit G 1 robL - Global fit
BRI X B Xk
21.053— g §— 21.055—
3 3 8
= . .
;0'9;_ ; g_ ;0855—
0.85% L el el el . 0.8: ""_ il el 0.8: “""'3 S ““"'»2 —t ““"I_‘
10 10° 1(0‘2 10 10* 10° 1%;2 10" 10 10 10 10
NNLO, ag = 0.118, Q% = 10* GeV? NNLO, g = 0.118, Q2 = 10* GeV? NNLO, g = 0.118, Q2 = 10* GeV?
_1'122 B covar e T La%_-HERA-onIy TN La%_-HERA-onIy o
8- AR HERA + ATLAS E| HERA + CMS
Notro data =| - Global fit £| - Global fit




THE LAST FEW YEARS (2015-2018)

THE CHARM PDF

MC-H, COMPRESSOR & SM-PDFs
PDF4LHC15

RESUMMED PDFS (THRESHOLD & SMALL z)

NNPDF 3.1
— INDEPENDENTLY PARAMETRIZED CHARM
— LHC DATA

LUX-QED PDFs
NNFF1.0, NNFF1.1

g



TECHNICAL “DETAILS”: CHOICES/PROGRESS

e CODE STORAGE, TASK MANAGEMENT, REPOSITORIES
— SVN = GIT
— VALIDPHYS

e PARAMETRIZATION & MINIMIZATION
— PREPROCESSING: TUNED VS RANDOM RANGE
— to FOR MULTIPLICATIVE UNCERTAINTIES
— POSITIVITY
— GA: FIXED VS. NODAL MUTATION
— TARGETED WEIGHTED TRAINING

e STOPPING
— THRESHOLD VS LOOKBACK

e COMPUTATION OF PHYSICAL PROCESSES
— APFEL — APFELCOMB
— FastKernel = FKTABLES
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“Io stimo piu il trovare un vero, benché di cosa leggiera, che il disputar
lungamente delle massime questioni senza verita nissuna”

Galileo Galilei, letter to Tommaso Campanella



