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PDF correlations

® Consider a cross section X(a), a
function of the Hessian eigenvectors
i’ component of gradient of X is

0X 1

Pl 0, X = 3

® Now take 2 cross sections X and Y

+ orone or both can be pdf’ s

® Consider the projection of gradients of
X and Y onto a circle of radius 1 in the
plane of the gradients in the parton
parameter space

(X-(+) _ X,-(_))

® The circle maps onto an ellipse in the
XY plane
® The angle ¢ between the gradients of
X and Y is given by
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® The ellipse itself is given by
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2-dim (i,j) rendition of d-dim (~16) PDF parameter space

contours of constant y? global

u,: eigenvector in the l-direction
p(i): point of largest a; with tolerance T

(i) S, global minimum

diagonalization and

rescaling by
the iterative method
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« Hessian eigenvector basis sets

(b)
Orthonormal eigenvector basis

(a)
Original parameter basis

Figure 28. A schematic representation of the transformation from the pdf parameter basis to the
orthonormal eigenvector basis.

*If two cross sections are very
correlated, then cos¢~1
-...uncorrelated, then cos¢~0
-...anti-correlated, then cos¢$~-1
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Figure 1: Dependence on the correlation ellipse formed in the AX — AY plane on the value of the
correlation cosine cosg.



...from PDF4LHC report (CTEQG6.6)

Process o PDF (asym) PDF (sym) | as(myz) error | combined
ow+ * BROW™ — [Tv)[nb] 6.057 | +0.123/-0.119 0.116 0.045 0.132
ow- * BR(W™ — 17v)[nb| 4.106 | +0.088/-0.091 0.088 0.029 0.092
0z0 % BR(Z® — 1117 [nb] 0.9469 | +0.018/-0.018 0.018 0.006 0.0187
o[pb] 156.2 +7.0/-6.7 6.63 4.59 8.06
Og9—Higgs(120 GeV')[pb] 11.59 +0.19/-0.23 0.21 0.20 0.29
Og9—Higgs(180 GeV')[pb] 4.840 | +0.077/-0.091 0.084 0.091 0.124
Ogg9—Higgs(240 GeV')[pb] 2.610 | +0.054/-0.058 0.056 0.055 0.078

Table 5: Benchmark cross section predictions and uncertainties for CTEQ6.6 for W=, Z, tf and Higgs
production (120, 180, 240 GeV) at 7 TeV. The central prediction is given in column 2. Errors are quoted
at the 68% c.1.. Both the symmetric and asymmetric forms for the PDF errors are given. In the next-to-
last column, the (symmetric) form of the PDF and as(mz) errors are added in quadrature. In the last
column, the correlation cosine with respect to Z production is given.

The values of AX, AY, and cos are also sufficient to estimate the PDF uncertainty of
any function f(X,Y) of X and Y by relating the gradient of f(X,Y) to dxf = df/0X and

Oy f = 0f/0Y via the chain rule:

Af = V1| = V(AX 0xf )> + 20X AY cosp Oxf Oy f + (AY &y f)>.
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Used for LHC Higgs searches

Procedure for the LHC Higgs boson search combination in
summer 2011
(LHC Higgs Combination Croup Report)
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Correlations for Higgs Working Group

Backgrounds

z w 2z ww wz Wy waa zQQ gEWW | gg2z tthbar tw tb tbg
Z 1 0.95 0.67 0.70 0.95 0.9 0.43/0.53| 0.08 -0.67 -0.75 -0.74 -0.81 0.59 -0.29
w 0.5 1 0.52/0.65(0.60/0.71| 0.88/1.0 (0.50/0.80(0.35/0.50| 0.08 -0.67 -0.74 -0.73 -0.8 0.57 -0.29
2z 0.67 [0.52/0.68 1 0.97 |[0.54/0.73| 0.62 |0.78/0.87| -0.09 -0.36 -0.34 -0.17 -0.81 0.9 -0.23
WwWw 0.70 [0.60/0.71| 0.97 1 0.63/0.75| 0.68 [0.80/0.86| -0.02 -0.34 -0.33 -0.20 -0.33 0.54 -0.08
\'"74 0.95 0.88/1.0 |0.54/0.73(0.63/0.75 1 0.9 0.55 0.1 -0.64 -0.71 -0.71 -0.73 0.61 -0.34

Wy 0.9 0.30/0.80[ 0.62 0.69 0.9 1 0.63/0.53| 0.32 -0.44 -0.54 -0.68 0.61 0.61 0
waQQ W0.43/0.53 0.39/0.50(0.78/0.87(0.80/0.86/ 0.55 |0.63/0.53 1 0.08 -0.12 -0.12 -0.05 -0.15 0.64 -0.32
ZQQ 0.08 0.08 -0.09 -0.02 0.1 0.32 0.08 1 0.54 0.36 -0.26 -0.05 -0.03 0.59
gEWW -0.67 -0.67 -0.36 -0.34 -0.64 -0.44 -0.12 0.54 1 0.98 0.65 0.81 -0.28 0.63
gglZ -0.75 -0.74 -0.34 -0.33 -0.71 -0.54 -0.12 0.36 0.98 1 0.79 0.91 -0.27 0.55
tthar -0.74 -0.73 -0.17 -0.20 -0.71 -0.68 -0.05 -0.26 0.65 0.7% 1 0.97 -0.12 0.17
tw -0.81 -0.8 -0.81 -0.33 -0.73 0.61 -0.15 -0.05 0.65 0.91 0.97 1 -0.25 0.31
tb 0.59 0.57 0.8 0.84 0.61 0.61 0.64 -0.03 -0.28 -0.27 -0.12 -0.25 1 0.04

tbq -0.29 -0.29 -0.23 -0.08 -0.34 0 -0.32 0.58 0.63 0.55 0.17 0.31 0.04 1

...calculated
with CTEQG6.6
and using
MCFM

the use of
correlations
allows for PDF
uncertainties
to be reduced

processes
treated as
strongly
correlated in
blue



Higgs correlations (using CTEQG6.6

=120
-

VBF WH ZH ttH rd W+/W- 2z ww Wz Wy waa zQa geWwW ggZZ tthar tw tb tbg
ggH 1 0.57 -0.23 -0.14 -0.6 0.01 0.03 0.02 -0.20 0.04 0.23 -0.14 0.95 0.47 0.28 -0.35 -0.12 -0.24 0.52
VBF -0.57 1 0.63/0.73| 0.76 0.09 0.43 |0.26/0.41| 0.79 0.72 |0.28/0.43|0.28/0.37|0.52/0.71| -0.41 -0.47 -0.4 -0.10 -0.28 0.65 -0.25
WH -0.23 (0.63/0.73 1 0.93 0 0.62 |0.52/0.64| 0.92 0.93 |0.65/058|0.65/0.56|0.79/0.95| -0.02 -0.29 -0.28 -0.15 -0.28 [0.89/0.77(0.05/-0.30
ZH -0.14 0.76 0.93 1 0.03 0.64 |0.53/0.66| 0.99 0.99 |0.55/0.71] 0.63 0.83 -0.07 -0.31 -0.3 -0.14 -0.28 0.93 -0.14
ttH -0.6 0.09 0 0.03 1 -0.61 -0.6 0 -0.05 -0.58 -0.64 0.04 -0.5 0.03 0.56 0.54 0.84 0.02 -0.07
m,=160
‘ ggH VBF WH ZH ttH z W+/W- 2z ww wz Wy waQ | zaa | ggww | ggzz tthar tw tb tbq
gegH 1 -0.61 -0.29 -0.35 -0.24 0.32 -0.32 -0.35 0.29 -0.29 -0.06 -0.12 0.9 0.82 0.68 0.1 0.33 -0.27 0.67
VBF -0.61 1 0.62 0.74 0.2 0.35 |0.13/0.34| 0.75 0.66 |0.20/0.36|0.19/0.28|0.46/0.70| -0.47 -0.46 -0.37 -0.03 -0.22 0.6 -0.29
WH -0.29 0.62 1 0.93 0.1 0.55 0.52 0.9 0.93 0.56 0.56 0.93 -0.07 -0.26 -0.23 -0.07 -0.21 1 0.03
ZH -0.35 0.74 0.93 1 0.16 0.54 |0.43/0.58| 0.98 0.97 |0.45/0.63| 0.52 0.93 -0.14 -0.29 -0.25 -0.04 -0.2 0.91 -0.16
ttH -0.24 0.2 0.1 0.16 1 -0.59 -0.58 0.03 -0.03 -0.56 -0.62 -0.05 -0.54 0.33 0.51 0.92 0.8 0.04 -0.12
m,=200
i ggH VBF WH ZH ttH z W+/W- 2z ww wz Wy waaQ zQQ gEWW | ggZzz tthar tw tb tbg
ggH 1 -0.5 -0.26 -0.3 0.13 -0.59 -0.59 -0.36 -0.32 -0.55 -0.33 -0.11 0.68 0.98 0.93 0.5 0.69 -0.27 0.67
VBF -0.5 1 0.60/0.73| 0.72 0.26 0.28 (0.13/0.28| 0.7 0.62 (0.15/0.30|0.12/0.20(0.40/0.68| -0.52 -0.44 -0.34 0.02 -0.17 0.55 -0.32
WH -0.26 |0.60/0.73 1 0.92 0.2 0.44 (0.44/0.38| 0.89 0.86 (0.48/0.41|0.47/0.36(0.78/0.74| -0.15 -0.24 -0.2 0 -0.15 |0.98/0.69 0
ZH -0.3 0.72 0.92 1 0.24 0.46 (0.34/0.51] 0.85 0.93 (0.37/0.56| 0.43 (0.74/0.85| -0.19 -0.3 -0.22 0.02 -0.14 0.88 -0.2
ttH 0.13 0.26 0.2 0.24 1 -0.57 -0.57 0.03 -0.03 -0.55 -0.63 0.03 -0.56 0.29 0.48 0.9 0.78 0.03 -0.15




Higgs correlations

m, =300
i ggH VBF WH ZH ttH z W+/W- 2z ww wz Wy waa | zaQ | ggww | ggzz tthar tw tb tbq

gegH ¢l -0.16 -0.08 -0.09 0.66 -0.8 -0.79 -0.31 -0.31 -0.76 -0.64 -0.11 0.12 0.9 0.97 0.92 0.8 -0.23 0.43
VBF -0.16 1 0.53/0.72| 0.68 0.2 0.16 |0.04/0.13| 0.6 0.51 |0.05/0.20( 0.03 |[0.27/0.65 -0.57 -0.42 -0.31 0.09 -0.11 0.44 -0.39
WH -0.08 |0.53/0.72 1 0.92 0.23 0.32 |0.20/0.36( 0.82 |0.80/0.71(0.34/0.37|0.30/0.20(0.68/0.64| -0.24 -0.22 -0.16 0.1 -0.06 0.89 -0.06
ZH -0.09 0.68 0.92 L 0.27 0.32 |0.20/0.38( 0.87 0.82 |0.21/0.44( 0.26 |0.61/0.81 -0.29 -0.25 -0.18 0.11 -0.07 0.79 -0.28
ttH 0.66 0.2 0.23 0.27 1 -0.6 -0.59 -0.05 -0.12 -0.58 -0.65 -0.04 -0.58 0.28 0.47 0.9 0.78 -0.04 -0.17

m,=500

vBF | WH | zH | uH z |wew-| 2z | ww | wz | wy | waa | za0 |ggww | ggzz | tbar | tw | tb tha
ggH 1 009 | 005 | 005 | 091 | 078 | 076 | 025 | 028 | 075 | 073 | 013 | -03 | 063 | 078 | 099 | 097 | 02 | o015
veF | 003 | 1 [o38/070 06 | 024 | 0073 |00/0.12| 047 | 037 |o0/012 | -008 [|0.11/059 058 | -04 | -029 | 01 | -008 | 029 | -0.48
WH | oos [o3s/070] 1 09 | 016 | 019 [0.09/0.26| 069 | 0.64 [0.20/0.20/0.14/0.09/0.55/0.53| -03 | 021 | -0.14 | 014 | -002 | 073 | 012
24 | oos | 06 | os 1 | o016 | 022 [o09/029| 077 | 068 |0.10/034f 012 [044/074| 035 | 027 | 019 | 013 | 005 | 065 | -037
tH | 091 | 024 | 016 | 016 | 1 | -063 | -061 | 018 | 023 | 061 | 069 | 014 | 057 | 03 | 048 | 08 | 079 | -015 | -0.14
cosp ~ 1 cosp ~ () cosp ~ —1
oY oY 1 oY 4

X k X ‘\5,\"
|
|

N

Figure 1: Dependence on the correlation ellipse formed in the AX — AY plane on the value of the
correlation cosine cosg. 7



correlation with gg->Higgs
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Extension

® The correlations should be similar for all NLO PDFs, but
we would like to include correlation information from the
different PDFs in the next Higgs CERN Yellow Report,

as well as in future updates for the PDF4LHC working
group documents

® Information (MCFM input files) available for all PDF
groups

® |'ve done the same thing for the Tevatron; it would also
be interesting to look at the correlations between the
cross sections at the two accelerators



MCFM input files

[Jet definition and event cuts]

I[Flags to specify the mode in which MCFM is run]

6840 [m34min]

false. [evtaen] )

true. [creatent] 12608 [nSénax]

: Jtrue. inclusive
| .false. LQ'_('I.pnt_'J ‘ankt,! Ealgorithm% -=antikT algorithm
i .false. [dswhisto] 26dp [btietmin] ->jet cut of 3@ GeV; can lower it if you want
oda [Istajet) min]
5.6d0 [letajet] _max] -=max eta cut of 4.4

' : : : 8.4d0 Reutjet.

[General options to specify the process and execution] it Em@dyg
151 [Mproc] 2040 [ptLen

‘tota [port "lord’,'real’ or ‘'wirt','tota'] o o
P 'z bB' ['runstring'] -=change runstring for each job B ?

7080da [sgrts in Ge¥] 0.7d0 [R(jet, Lept)_nin]
I +1 [ihi =1 for proton and -1 for antiproton] i (s Fvapt Rl N
| +1 [ihZz =1 for proton and -1 for antiproton] Jfatse L 1]
| 12608 [hmass 158

968 [scale:QCD scale choice] -=this is for HT*hat/2 o

960 [facscale:QCD fac scale choice] 2:5d8
I .false. [dynamicscale] -=allows use of dynamic scale 4de
| :

false. _Z_e.r.Qw_'l;.d"t'lJ [Anomalous couplings of the W and Z]
I .true. [removebr ] 0.6d8 [Delta_gl(Z)]
110 [itmxl, number of iterations for pre-conditioning] B ottt 200
i EBBBA [healll] .80 [Lanbda(Z)]

bt . X . 8.8da [Lambda{ganma )]

t1@ [itmx2, number of iterations for final run] 2.600 [Forn-factor scale, in Tev]

a4l 3] [nl;'q_l'l.z:l [How to resume/save a run]
I 1689 [ii] -=random humber seed folse. [readin]

.false. [dryrun N
I'.true. [Of lag]

.false. ['G.f"l_gg] [Technical parameters that should not normally be changed]

i [Heavy quark masses]

1172 .5d8

4.75d8
[1.5da

| [Pdf selection]

I 'ctegbém

[top mass]
[bottom mass]
[charm mass]

(pdlabel]

[NGROUP, see PDFLIEB]
[NSET - see PDFLIE]
[LHAPDF group]

[LHAPDF set]

.false.

Jtrue.

.false.
.false.
.false.

[debug]
[verbose]
[new_pspace]
[virtonly]
......... ly]
[spira]
[noglue]
[agonly]
[aganly]

[z ]
[cutoff]
[aii]
[aif]
[afi]
[aff]



Other benchmarking exercises

We have benchmarked evolution codes against each other

It would also be useful to benchmark fit results/predictions for
datasets in common use in current global fits

If we (CTEQ) try to use other group’s PDFs, and what we think is
their procedure (heavy quark scheme, etc), we often get x? much
worse than quoted, so there are details missing

For datasets like HERA 1 combined
+ what 2 each group gets
+ what normalization

+ systematic error shifts, x? contribution from systematic error
shifts

Will an experimentalist using a generic code get the same result?

Study: what experiments (primarily) determine which PDF
parameters

See Pavel’s slides for more details



LHC data

® Comparisons to 2010 LHC data (I)
o W/Z cross sections
o tT cross sections
® Comparisons to 2010 data (ll)
o W/Z rapidity, asymmetry distributions
¢ Inclusive jet, dijet cross sections

A ATLAS will make available all correlated
systematic error information for jet cross sections

A how CMS will as well

+ %2 and systematic error shifts before and after
inclusion in global fit



NNLO

® Previous published benchmarking
exercise was at NLO

® Now all groups have NNLO as well, so
the study should be extended to that level

® No NNLO predictions in MCFM, so have
to choose other codes for W/Z, Higgs, but
otherwise try to standardize the input

o N0 NNLO code for {T



