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Parton distribution functions and global fits

® Calculation of production

cross sections at the LHC g p—
relies upon knowledge of pdf’s e Qu2= 100 Goves2
in the relevant kinematic y e
region ' DU _upbor  CTEQE.1M
® Pdf's are determined by global ™[ ° e T
analyses of data from DIS, DY _ 2|
and jet production g b
® Two major groups that provide > _,f
semi-regular updates to :
parton distributions when new *F
data/theory becomes ol
available b
+ MRS->MRST98->MRST99 e o
->MRST2001->MRST2002 T
->MRST2003->MRST2004 X
->MSTW?2008 Figure 27. The CTEQS.1 parton distribution functions evaluated at a Q of 10GeV.

+ CTEQ->CTEQS5->CTEQG
->CTEQ6.1->CTEQ6.5
->CTEQ6.6->CT09

+ now also HERA and NNPDF




Cross sections at the LHC

® Experience at the Tevatron is LHC parton kinematics
very useful, but scattering at
the LHC is not necessarily
just “rescaled” scattering at
the Tevatron

® Small typical momentum
fractions x in many key
searches

+ dominance of gluon and
sea quark scattering

+ large phase space for
gluon emission and thus
for production of extra jets

+ intensive QCD
backgrounds

¢ oOr to summarize,...lots of
Standard Model to wade 7 *
through to find the BSM x

pony

= (M/14 TeV) exp(zy)

M=10TeV -

Q (GeV)




Cross sections at the LHC

® Note that the data from HERA
and fixed target cover only
part of kinematic range
accessible at the LHC

® \We will access pdf's down to
1E-6 (crucial for the
underlying event) and Q2 up to
100 TeV?

® \We can use the DGLAP
equations to evolve to the
relevant x and Q? range, but...

¢+ we're somewhat blind in
extrapolating to lower x
values than present in the
HERA data, so uncertainty
may be larger than currently
estimated

+ we'’re assuming that DGLAP
is all there is; at low x BFKL
type of logarithms may
become important
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Parton kinematics at the LHC

LHC parton kinematics

® To serve as a handy “look-up” S N
gy . [ Xp=(M/14TeV) exp(zy,
table, it's useful to define a MetOTY -
parton-parton luminosity (a la :

EHLQ)

® Equation 3 can be used to
estimate the production rate for a
hard scattering at the LHC as the
product of a differential parton
luminosity and a scaled hard
scatter matrix element

Q?* (GeV?

10' £ 4

(ILI l ]. . 1 ‘
L = A iz, p) fi(z2, 1) + (1 < 2)] . (1)

didy s 1+ 0ij

The prefactor with the Kronecker delta avoids double-counting in case the partons are identical. The
generic parton-model formula o _
this is from the CHS review paper

1
o = Z /0 dxy dxy fi(zy, p) fi(z2, p) 0 (2)
ij

ds dL;;
= —d ) (.
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Cross section estimates

for the gluon pair production rate for s=1 TeV and As = 0.015,
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Fig. 2: Left: luminosity [%b] in pb integrated over 1. Green=gg, Blue=g(d + u +s+c+b) +gld+u+5+¢+b) +

dr

(d+u+s+c+b)g+(d+i+35+¢c+b)g, Red=dd + uii + s5 + ¢ + bb + dd + u + 55 + éc + bb. Right: parton level

cross sections [$6;;| for various processes



Heavy quark production

S ds

As [(dL;;
o= =2 ( “) (564))
threshold effects evident
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Fig. 2: Left: luminosity [%%:‘L] in pb integrated over 3. Green=gg, Blue=g(d + u +s+c+b) +gld+u+5+¢+b) +
(d+u+s+c+b)g+(d+i+35+c+b)g,Red=dd + uii + s5 + ¢ + bb + dd + @u + 5s + éc + bb. Right: parton level

cross sections [§4;;| for various processes



PDF luminosities as a function of y

9 1 I I L | I I | I | | LILLIL
10 = \\ I | | | I é LHC parton kinematics
108 N ]-09 AL LR LLLL LI DAL LR LLLL LR LLLL B
3 2
B [ X, = (M/14 TeV) exp(zy)
— 108 = Q=M M=10TeV
—é 10
= - 10°
A - I
T 10k
Z 1 3
3 R
- 5 3
N C
% —§ 10°
0 BE
3 10°
E_ N
- 10 3
e F
: 100 METETITT BETETERTIIT BETETEETIT BT ETE T BTSN TTTTT BETSrRTTT BRI
107 10° 10° 10 10° 107 10°
10—3 1 L lllllll 1 1 l|lll|| | 1 lllla x
0.01 0.05 0.10 0.50 1.00 5.00 10.00

Sqrt(s) [TeV]

Fig. 3: dLuminosity/dy at y = 0,2, 4, 6. Green=gg, Blue=g(d + u+s+c+b)+gld+i+5+c+b) +(d+u+s+ec+
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PDF uncertainties at the LHC
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Fig. 4: Fractional uncertainty of gg luminosity integrated over y.

NBIII: tT uncertainty is of
the same order as W/Z
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production

Note that for much of the

SM/discovery range, the pdf
luminosity uncertainty is small

Need similar level of precision in

theory calculations

It will be a while, 1.e. not in the

first fb!, before the LHC

F 7: Fractional uncertainty for Luminosity integrated ov
data starts to constrain pdf’s -

20- UL LA

=
O

m T mmmmm.mmu(

T

Integrated over y

]

05—

Fractional uncertainty of dL/ds

I

|

ozt
S

|

d |
q

0.0 -
0.01 0.05 0.10

Fig. 6: Fractional uncertainty for Luminosity integrated over

s+c+blg+(d+a+5+c+b)g,

0.50 1.00

Sqrt(s) [TeV]

5.0010.00

2.0- LN LA | UL R U

1.0 [ i
' l\LLU”HJ.UHLLUHLUIIMJ.IHMIHMM[

05—

Fractional uncertainty of dL/ds

ool b bl L
0.01 0.05 0.10 0.50 1.00 5.0010.00

Sqrt(s) [TeV]

er y for dd + uii + s3 + ¢ + bb + dd + fiu + 3s + & + bb.

NB I: the errors are determined
using the Hessian method for
a Ay? of 100 using only
experimental uncertainties,i.e.
no theory uncertainties

NB II: the pdf uncertainties for
W/Z cross sections are not the

yforg(d+u+s+(‘+h)+g(d-+17+§+r"+5]-wslmal|eSt



Ratios:LHC to Tevatron pdf luminosities

Processes that depend on gQ initial
states (e.g. chargino pair production)
have small enchancements

Most backgrounds have gg or gq
initial states and thus large
enhancement factors (500 for W + 4
jets for example, which is primarily gq)
at the LHC

W+4 jets is a background to tT
production both at the Tevatron and
at the LHC

tT production at the Tevatron is
largely through a qQ initial states and
so qQ->tT has an enhancement factor
at the LHC of ~10

Luckily tT has a gg initial state as well
as gQ so total enhancement at the
LHC is a factor of 100

¢ butincreased W + jets
background means that a higher
jet cut is necessary at the LHC

+ known known: jet cuts have to be
higher at LHC than at Tevatron
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Figure 11. The ratio of parton-parton luminosity [%%;‘J-] in pb integrated over y at the
LHC and Tevatron. Green=gg (top), Blue=g(d+_u+s+c+b)+g(3_+ﬁ:+§+5+5)+(d+uj-
s+c+b)g+(d+u+5+c+b)g (middle), Red=dd+ut+ss+ce+bb+dd+ tu+5s+cc+bb
(bottom).
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Figure 10. The parton-parton luminosity [%%;‘1] in pb integrated over y. Green=gg,
Blue=g(d+u+s+c+b)+g(d+a+5+2+b)+(d+u+s+c+bjg+(d+ua+s+c+b)g,
Red=dd + ut + s§ + c¢ + bb + dd + tu + §s + ¢c + bb. The top family of curves are for
the LHC and the bottom for the Tevatron.



...but wait, we're not running at 14 TeV in 2009-2010
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Figure 2: Luminosities integrated over y: LHC(pp) at NG =10TeV.
Green = gg, Blue = gq + gg, Red = ua + dd + s5 + c¢ + bb.
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Figure 1: Luminosities integrated over y: LHC(pp) at Vs =14TeV.
Green = gg, Blue = gq + gg, Red = u@ + dd + s5 + ¢z + bb.

Figure 7: gg luminosity integrated over y:
Blue = (pp at 10TeV) / (pp at 14 TeV);
Red = (pp at 1.96 TeV) / (pp at 14 TeV).



Look at ratios of pdf's at 1.96 and 10 TeV: from Tevatron
perspective

® The planisto runthe LHC in
2009-2010 accumulating at least 200
pb™’

® Take a discovery region (~1 TeV, say
for squark pair production)

® The LHC is a factor of 50 more
efficient at producing a 1 TeV object
through a gQ initial state...so it would
take 10 fb-1 at the Tevatron to equal
the 200 pb-' at the LHC

® ...which the Tevatron will probably get
(per expt)
® .. .with much better understood

detectors and much lower
backgrounds

® So don’t count the Tevatron out just
yet for discovery physics
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Figure 13: (pp at 1.96 TeV) / (pp at 10 TeV). luminosity integrated over y.

Blue: gg; Green: gq + gq; Red: wii + dd + 55 + c& + bb.



Now from the LHC perspective
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Figure 1: gg luminosity integrated over y: Figure 2: gq + gg luminosity integrated over y:
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LHC perspective, continued
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Figure 3: ui + dd + s5 + ¢ + bb:
Blue = (pp at 10TeV)/(pp at 1.96 TeV);
Red = (pp at 14TeV)/(pp at 1.96 TeV).



The LHC will be a very jetty place

® Total cross sections for tT and
Higgs production saturated by tT
(Higgs) + jet production for jet p
values of order 10-20 GeV/c

® o W+3 jets >0 W+2 jets
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Figure 91. Predictions for the production of W+ > 1, 2, 3 jets at the LHC shown as a function
of the transverse energy of the lead jet. A cut of 20 GeV has been placed on the other jets in the
prediction.

® indication that can expect interesting
events at LHC to be very jetty

(especially from gg initial states)

@® also can be understood from point-of-
view of Sudakov form factors
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Figure 95. The dependence of the LO t7+jet cross section on the jet-defining parameter pr,min.

together with the top pair production cross sections at LO and NLO.
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Figure 100. The dependence of the LO t7+jet cross section on the jet-defining parameter pr pin.

together with the top pair production cross sections at LO and NLO.



Aside: Sudakov form factors

® Sudakov form factors form the basis
for both resummation and parton
showering

® \We can write an expression for the
Sudakov form factor of an initial state
parton in the form below, where t is
the hard scale, to is the cutoff scale
and P(z) is the splitting function

A(f)_exp[ /d’/d os )M

Z 27t f(x, 1)

® Similar form for the final state but
without the pdf weighting

® Sudakov form factor resums all
effects of soft and collinear gluon
emission, but does not include non-
singular regions that are due to large
energy, wide angle gluon emission

® Gives the probability not to radiate a
gluon greater than some energy
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Figure 21. The Sudakov form factors for initial-state gluons at a hard scale of 100 GeV as a function
of the transverse momentum of the emitted gluon. The form factors are for (top to bottom) parton
x values 0of 0.3,0.1,0.03, 0.01, 0.001 and 0.0001.
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Figure 22. The Sudakov form factors for initial-state gluons at a hard scale of 500 GeV as a function

of the transverse momentum of the emitted gluon. The form factors are for (top to bottom) parton
x values of 0.3,0.1,0.03, 0.01, 0.001 and 0.0001.



Aside: Sudakov form factors
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Figure 22. The Sudakov form factors for initial-state gluons at a hard scale of 500 GeV as a function
of the transverse momentum of the emitted gluon. The form factors are for (top to bottom) parton
x values of 0.3, 0.1, 0.03, 0.01, 0.001 and 0.0001.



Sudakov form factors for tT

® t{T production at the
LHC dominated by gg
at x values factor of 7
lower than Tevatron

® So dominant

Sudakov form factor

goes from
® {0
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Figure 95. The dependence of the LO r?+jet cross section on the jet-defining parameter pr. min.
together with the top pair production cross sections at LO and NLO.
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Figure 96. The Sudakov form factors for initial-state quarks and gluons at a hard scale of 200 GeV
as a function of the transverse momentum of the emitted gluon. The form factors are for quarks
(blue-solid) and gluons (red-dashed) at parton x values of 0.3 (crosses) and 0.03 (open circles).



Sudakov form factors: quarks and gluons
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Figure 23. The Sudakov form factors for initial-state quarks at a hard scale of 100 GeV as a function
of the transverse momentum of the emitted gluon. The form factors are for (top to bottom) parton
x values of 0.3, 0.1 and 0.03.
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Figure 24. The Sudakov form factors for initial-state quarks at a hard scale of 500 GeV as a function
of the transverse momentum of the emitted gluon. The form factors are for (top to bottom) parton
x values of 0.3, 0.1 and 0.03.
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Figure 21. The Sudakov form factors for initial-state gluons at a hard scale of 100 GeV as a function
of the transverse momentum of the emitted gluon. The form factors are for (top to bottom) parton
x values 0of 0.3,0.1,0.03, 0.01, 0.001 and 0.0001.
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Figure 22. The Sudakov form factors for initial-state gluons at a hard scale of 500 GeV as a function
of the transverse momentum of the emitted gluon. The form factors are for (top to bottom) parton
x values of 0.3,0.1,0.03, 0.01, 0.001 and 0.0001.



Sudakov form factors: quarks and gluons
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Figure 23. The Sudakov form factors for initial-state quarks at a hard scale of 100 GeV as a function
of the transverse momentum of the emitted gluon. The form factors are for (top to bottom) parton
x values of 0.3, 0.1 and 0.03.
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Figure 24. The Sudakov form factors for initial-state quarks at a hard scale of 500 GeV as a function
of the transverse momentum of the emitted gluon. The form factors are for (top to bottom) parton
x values of 0.3, 0.1 and 0.03.
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Figure 21. The Sudakov form factors for initial-state gluons at a hard scale of 100 GeV as a function
of the transverse momentum of the emitted gluon. The form factors are for (top to bottom) parton
x values 0of 0.3,0.1,0.03, 0.01, 0.001 and 0.0001.
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Figure 22. The Sudakov form factors for initial-state gluons at a hard scale of 500 GeV as a function

of the transverse momentum of the emitted gluon. The form factors are for (top to bottom) parton
x values of 0.3,0.1,0.03, 0.01, 0.001 and 0.0001.



Precision benchmarks:
W/Z cross sections at the LHC

® CTEQG6.1 and MRST NLO predictions in good agreement with each other
® NNLO corrections are small and negative

® NNLO mostly a K-factor; NLO predictions adequate for most predictions at the
LHC
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at LO, NLO and NNLO. The bands indicate the variation of the renormalization and factorization
scales within the range Mz /2 to 2M z.

Figure 80. Predicted cross sections for W and Z production at the LHC using MRST2004 and
CTEQ6.1 pdfs. The overall pdf uncertainty of the NLO CTEQ6.1 prediction is approximately 5%,
consistent with figure 77.



Heavy quark mass effects in global fits

u at u = 100 GeV

gluon at u = 100 GeV

generations of global fits) used
zero-mass VFNS scheme

With newer sets of pdf’'s it 'l,ll‘
(>=CTEQG6.5), heavy quark mass

effects consistently taken into : - ; |||||’ |”||“
account in global fitting cross ogilabe i gl Lo L ;;.'._;.,.i e e EEETT
sections and in pdf evolution
In most cases, resulting pdf's are Facomparison 1 Q266 | |
within CTEQ6.1 pdf error bands o

But not at low x (in range of W -
and Z production at LHC)

Heavy quark mass effects only
appreciable near threshold

+ ex: prediction for F, at low x,Q at

H ERA Smal Ier If Mass Of C, b Figure 6: Comparison of theoretical calculations of F5 using CTEQG.1M in the ZM formalism
quarks ta ken into account (horizontal line of 1.00), CTEQG.5M in the GM formalism (solid curve), and CTEQG6.5M in

. thus, quark pdf’s have to be the ZM formalism (dashed curve).
bigger in this region to have an
equivalent fit to the HERA data

\ implications for LHC phenomenology
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CTEQS6.5(6)

® |Inclusion of heavy quark mass
effects affects DIS data in x range
appropriate for W/Z production at
the LHC

® Cross sections for W/Z increase
by 7-8%
¢ now CTEQ and MRST2004 in
disagreement, not a good
sign for an important LHC
benchmark

+ and relative uncertainties of
W/Z increase

+ although individual
uncertainties of W and Z
decrease somewhat

® Two new free parameters in fit
dealing with strangeness degrees
of freedom so now have 44 error
pdf's rather than 40

22 [ W

20

18

g . 81 (nb)

16

ll[lllllllllllll

T MRST2004 CTEQS6.1

14

CTEQ6.5(6)

Figure 80. Predicted cross sections for W and Z production at the LHC using MRST2004 and
CTEQ6.1 pdfs. The overall pdf uncertainty of the NLO CTEQ®6.1 prediction is approximately 5%,

consistent with figure 77.
W= & Z cross sections at the LHC
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Note
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uncertainty for
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Figure 8: W & Z correlation ellipses at the LHC obtained in the fits with free and fixed strangeness.



...but

e
® |Inclusion of heavy quark mass
effects affects DIS data in x range

i . F W LHC Z (x10)3
appropriate for W/Z production at 22§ 1 CTEQ6.56)
s 0 e B R R
® .. .but MSTW2008 also has R REEERISSSEEIIZS |
increased W/Z cross sections at © 18-
th e LH C © E Lo ]
16 — -
+ now CTEQG6.6 and I ]
MSTW2008 |n better b MRST2004 CTEQ6.1 ]
ag reement Figure 80. Predicted cross sections for W and Z production at the LHC using MRST2004 and
x=0.0001 CTEQ6.1 pdfs. The overall pdf uncertainty of the NLO CTEQ®6.1 prediction is approximately 5%,
& [ consistent with figure 77.
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PDF correlations

® Consider a cross section X(a), a
function of the Hessian eigenvectors

® " component of gradient of X is
o0X 1
=9X =-(x'Y - x
aai 2 2( 2 7 )

® 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

® The circle maps onto an ellipse in the
XY plane
® The angle ¢ between the gradients of
Xand Y is given by
VX-VY 1

Cos p =

AXAY — 4AX
® The ellipse itself is given by

)+ (&) (%) (

0X
AX

oY
AY

ox
AX

o
AY

) cos ¢ = sin? @

(

Ayéi@%”—xyﬁ(nut_

2-dim (i,j) rendition of d-dim (~16) PDF parameter space

:II p(i)
’ o

contours of constant y? global

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

P

i) S, global minimum

diagonalization and

rescaling by
the iterative method

a;
L
« 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

cosp A 1 cos p ~ () cosp ~ —1
5y, 5Y 4, 5Y t,
v) : . |
k3
| |
I I -
/ L 0X k _‘.J 5X 5X
| | |
| |
| | |
Figure 1: Dependence on the correlation ellipse formed in the AX — AY plane on the value of the
correlation cosine cosg.



Correlations with Z, tT

pp—h?X vs. pp—(Z°—¢0)X (left) and pp-ttX (right) T
y4 Vs=14 TeV, CTEQ6.6, NLO

Cos[g]=0.5 Coslg¢]=-0.27

Define a correlation cosine between two quantities

(see extra slides for more detail) )
cosp ~ 1 cos i &~ () cosp ~ —1 33%
(SY (5Y A 3

i I | oY | : i
| | 32 I

I | | | Mj, = 120 GeV
| | E !

2| - | - ¥
| 6X | (5X (5X [ Coslg]=0.25 1l Cos[¢]=0.13
! | '8. ﬁ i
| | I ~ ; I '
= Z I : :- .
= 14 AN
Figure 1: Dependence on the correlation ellipse formed in the AX — AY plane on the value of the 1 [ =" =
correlation cosine cos .
3
©13.6
: [ My = 200 GeV
*If two cross sections are very 420 oudeosr | Goslgoss |
correlated, then cos¢$~1 atl |

My = 500 GeV

»...uncorrelated, then cos¢~0
«...anti-correlated, then cos¢~-1
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3.8 ~
2 205 21 215 22 850 870 890

o(pp — (Z — t0)X) (nb) o(pp — tt) (pb)
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Correlations with Z, tT

cosp 1 cosp ~ 0 cospr —1
. Y 6Y oY
Define a ’ : | !
. | | |
correlation ! : ! = <
. | | 2
cosine between 4: \V P
two quantities
Figure 1: Depender ellipse formed in the AX — AY plan the value of the
Correlation with _pp — li — tf (dashes), pp — ZX (dots)

d=> A9gg—h® ¥ Bb—h® + S—h+t O W+h° v h°via WW fusion

g 1 _?W-I':W_:Z WHKY:Z(Tev2) =T ‘;'..f}:f-;-ifjr—::::A::A_#
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*If two cross sections are very
correlated, then cos¢~1
-...uncorrelated, then cos¢~0
-...anti-correlated, then cos¢$~-1

*Note that correlation curves to Z
and to tT are mirror images of
each other

*By knowing the pdf correlations,
can reduce the uncertainty for a
given cross section in ratio to

a benchmark cross section iff
cos ¢ > 0;e.g. A(oy+/0z)~1%

*If cos ¢ < 0, pdf uncertainty for
one cross section normalized to
a benchmark cross section is
larger

*So, for gg->H(500 GeV); pdf
uncertainty is 4%; A(oy/05)~8%



W/Z summary so far

® \We will use W and Z cross sections as luminosity
normalizations in early running and perhaps always

+ because integrated luminosity is not going to be
known much better than 15-20% at first and maybe
never better than 5-10%

® The pdf uncertainty for the ratio of a cross section that
proceeds with a qQ initial state to the W/Z cross section
IS significantly reduced

® The pdf uncertainty for the ratio of a cross section that
proceeds with a gg initial state to the W/Z cross section
Is significantly increased

® \Would it be reasonable to use tT production as an

additional benchmark?

+ Yyeah, yeah | know it’s difficult, and it won’t happen early, but
just keep it in mind



Theory uncertainties for tT at LHC

Note that at NLO with CTEQ6.6 pdf's
the central prediction for the tT cross
section for u=m, is ~850 pb for 171
GeV (not 800 pb, which it would be if
the top mass were 175 GeV); ~880 pb
if use effect of threshold resummation

The scale dependence is around
+/-11% and mass dependence is
around +/-6%

Tevatron plans to measure top mass
to 1 GeV
+ mass dependence goes to ~+/-
3%
NNLO tT cross section will be finished
in (hopefully) near future
+ scale dependence will drop

+ threshold resummation reduces
scale dependence to perhaps 3%
(Moch and Uwer)

tT still in worse shape than W/Z, but
not by too much

+ and pdf uncertainty is (a bit)
smaller

1200

Production of tt at the LHC
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NLO->NNLO gluon

® MSTWZ008NNLO gluoncloseto 5 ' F——
MSTW2008NNLO and to g == e oot coren
CTEQ6.6 NLO x ot ___ gluon  MSTW2008NNLO
. g8 h :Iuon :STWZOOB:LO
+ note this was not the case for : o glon  CTEQE.CM
2002 versions of MRST NLO 7 |

and NNLO; related to large
changes noted for Higgs :
cross sections at NNLO 5 |

LHC parton kinematics

10° Rl B B EL L BRI B L BN LR 4
E x,,=(M/14 TeV) exp(zy) ]
10°F Q=M M=10TeV
: 3 3
10 F
2
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— 10°F T -
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L
2 .
10"
NO o A L A 1 L 1 AL L
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What about experimental uncertainties?

® 10-15% in first year

+ unfortunately, which is
where we would most like
to have a precise value

® Ultimately, ~5%?

+ dominated by b-tagging
uncertainty?

+ systematic errors in
common with other
complex final states, which
may cancel in a ratio?

® Tevatron now does 8%
(non-lum)

IIIIIIIIIIIIIIIIIIIIIIIIII[IIIIIII
[CICacciari et al., arXiv:0804.2800 (2008)
7AKidonakis & Vogt, arXiv:0805.3844 (2008)
[MMoch & Uwer, arXiv:0807.2794 (2008)

N

— | (stat)+(syst)+(lumi)

DIL 7 6.7+0.8+0.4+0.4
(L=2.81fb") g

7

.im frlCALE

ANN -2‘* 6.8+0.4+0.6+0.4
(L=2.8fb") Z

Z mhl
SVX 7 7.2+0.4+0.5+0.4
(L=2.7 fb) é

7 o
SLT muon 8.7+1.1+0.6+0.5
(L=2.0fb) Z

2 | o
SLT electlﬂﬁ 7.8+2.4+1.4+0.5
(L=1.7 ") 7
CDF combiii 7.0-0.3+0.4+0.4
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NLO corrections

Sometimes it is useful to define a K-factor (NLO/LO). Note the value of the K-factor
depends critically on its definition. K-factors at LHC (mostly) similar to those at Tevatron.

Typical scales Tevatron K -factor LHC K -factor

Pr K K K’ K K K’ .

ocess po_ | m (o) | K(pa) | K(po) | K(po) | K(pa) | K'(p0) K-factors may differ
W mw | 2mw | 133 | 131 [ 121 [ 115 | 105 | 1.15 from unity because
W+1jet my | piet 142 | 120 | 143 | 121 | 132 | 142 of new
W+2jets mw .;t 1.16 091 1.29 0.89 0.88 1.10 subprocesses/
WW et mw | 2mw | 119 | 137 | 126 | 133 | 140 | 142 contributions at
tt my 2my 1.08 1.31 1.24 1.40 1.59 1.48 higher
t§+1jet my 2my 1.13 1.43 1.37 0.97 1.29 1.10 g
b my | 2my | 120 | 121 | 210 | 098 | 084 | 251 order and/or
Higgs my | Pt 2.33 - 233 | 1.72 - 2.32 differences between
Higgs via VBF | mpy .;t 1.07 0.97 1.07 1.23 1.34 1.09 LO and NLO pdf’s
Higgs+1jet my | Py 2.02 - 213 | 147 - 1.90
Higgs+2jets my | Py - = = 1.15 - —~

Table 2: K -factors for various processes at the Tevatron and the LHC calculated using a selection of input parameters. In all
cases, the CTEQ6M PDF set is used at NLO. K uses the CTEQG6LI set at leading order, whilst K’ uses the same set, CTEQ6M,
as at NLO. For most of the processes listed, jets satisfy the requirements pr > 15 GeV/e and || < 2.5 (5.0) at the Tevatron
(LHC). For Higgs+1,2jets, a jet cut of 40 GeV/c and |77| < 4.5 has been applied. A cut of 1.7’-1‘3t > 20 GeV/c has been applied
for the tf+jet process, and a cut of pfi* > 50 GeV/c for WW +jet. In the W (Higgs)+2jets process the jets are separated by
AR > 0.52, whilst the VBF calculations are performed for a Higgs boson of mass 120 GeV. In each case the value of the K-

Les Houches 2007

factor is compared at two often-used scale choices, where the scale indicated 1s used for both renormalization and factorization

scales.



Shape dependence of a K-factor

® |Inclusive jet production probes

very wide x,Q? range along R s el
with varying mixture of ——— . —— - —
gg’gq’and qq SprrocesseS " 1000 2000 3000 4000 L 1000 2000 3000 4000 ! 1000 2000 3000 4000

o PDF unce rta|nt|es are Figure 105. The ratios of the jet cross section predictions for the LHC using the CTEQ6.1 error

pdfs to the prediction using the central pdf. The extremes are produced by eigenvector 15.

significant at high p+

® Over limited range of prand Yy, =
can approximate effect of NLO 3
corrections by K-factor but not N PITT TR S LR P
in general TE el
+ in particular note that for 3
forward rapidities, K-factor “F :
<<1 RN R

¢ LO predictions will be
4 Figure 106. The ratios of the NLO to LO jet cross section predictions for the LHC using
Ia rg e ove reStl mateS the CTEQS.1 pdfs for the three different rapidity regions (O-1 (squares), 1-2 (triangles), 2-3

(circles)).
+ see CHS paper for
discussion on why



Another example, from the Tevatron

® Suppose you measure
the high m,; region
looking for new physics

® Suppose that your
measurement agrees
well with Pythia

® Have you missed
something?

® Yes, because NLO
prediction at high mass is
about half of LO
prediction
¢ partially pdf's
+ partially matrix elements

® \Why not just use
MC@NLO?

CDF Run 2 preliminary, L=682pb'1

50 — +— CDF data, Nev=447
-V D W+ 2z 4)
40 ul D Qco
L [[Jsmte7pp
o . - Diboson (NLO)
S 30—
> L
0 L
= L
; }
€ 20?
[
> - I
@ L ,k.
. { -
10— -
o.hx.xx—_A St + I I
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M, [GeV/c’]
Tevatron
2.5 T T T T T T T T T T T T T
Eo | | R
X  total £ ]
2.0 [ % qq only ]
[ ® ggonly(/3) * ]
3
g 15— *P —
z C 2 ]
B oD% gm ]
SO EE Ly -
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top pair invariant mass

Figure 68. The ratio of the NLO to LO predictions for the 17 mass at the Tevatron. The predictions

include the ratio for the total cross

section and for the specific ¢ and gg initial-states. Note that

the total also includes a gg contribution (not present at LO) and that the gg ratio is divided by a

factor of 3.



At the Tevatron

- ®
MCFM NLO CTEQ6.1 scale = mtop
PYTHIA
1 2
E MCFM LO CTEQ6L1 scale = mtop
B @ MCFM LO CTEQ6.1 scale = mtop
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a -
o
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What about tT at the LHC?

® The cross sectionis ~ *°f17 " T :
dominated by the gg = ¢ o E
subprocess so the K- £t ., ., ., .=
factor is Sl tea,,, | 2
approximately E S
constant and > 1 bt

¢ unlike the Tevatron top pair invariant mass

Figure 94. The ratio of the NLO to LO predictions for the 7 mass at the LHC. The predictions
include the ratio for the total cross section and for the specific ¢g and gg initial-states. Note that
the total also includes a gg contribution (not present at LO).



PDF progress from CTEQ

® NLO updates (CT09)
+ using new Tevatron Run 2 data, concentrating on
jets
+ see Jon’s talk at PDF4LHC workshop last week
® Combined fits (g1+x)

o useful for precision physics such as W mass
determination

® Mod LO pdf’s
o for use in parton shower Monte Carlos at the LHC

® NNLO pdf's
¢ precision physics at the LHC
+ HOPPET used for evolution




NLO fits

® 37 data sets with 2898 data
points
¢ chisquare=2756

+ full correlated experimental
errors used for all data sets
that report such errors

® Gluon parametrization

glx, o) = apx® (1 — ) exp(asz + asx” + as\/1)

+ more general than what was
used in CTEQG66

+ crucial to have flexible
parametrization to correctly
calculate uncertainties

+ have to control instabilities
caused by numerical

evaluation of second
deriviatives of the Hessian

¢ now 24 free parameters

Have added a penalty to
chisquare that rises as the 4t
power to prevent large
contributions from any
particular experiment

+ this will be more crucial for
eigenvector sets

CTEQG66 pdf's known to
describe Run 2 data
reasonably well, so don’t
expect too much change
with their inclusion in the fit

¢ chisquare decreases to 2740,
a reduction of 16

+ only significant change is in
the gluon sector



New pdf's (CT09G)

® Somewhat of a reduction in gluon uncertainty for low Q, but very similar to CTEQG.6

at high Q
® At large scales, the gluon distributions are very similar
0,15 T 1 I LI N R | | T 1 1 1 I T 1 1 1 I L L] 0,004 T 1 T 1 I T T 1 1 l T T 1 1 I T 1 1
‘ pu = 2GeV ] : T 4 = 100GeV A
L 4 \\\\ .
] 0.003 ! \\\ |
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Figure 8: Gluon distributions and uncertainties in CT09G (red) and CTEQ6.6 (green).



Comparison to MSTWO08

® MSTWO08 gluon much
weaker at high x

® ...but still within CT09
error bands

® Note converse is not
true, i.e. CT09 not
within MSTWOS8 error

bands

¢ MSTWO0S8 not within
MRST2004 error
bands

g atQ=2. GeV

PRELIMINARY

Blue: CTEQG.6
14} Green: CTOS
Red: MSTW'08 NLO
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Some tT cross section comparisons (m,,=172 GeV)
.|

® NLO O

o 14 TeV
+ CTEQ6.6: 829 pb

+ CTEQ6M: 852 pb

+ MSTW2008: 902 pb
o 10 TeV

+ CTEQB.6: 375 pb

+ CT09: 382 pb

+ MSTW2008: 408 pb

o 14 TeV
+ CTEQ6L1: 617 pb
+ CTEQ6L: 533 pb

+ CTQEG.6: 569 pb

+ CTO9MC1: 804 pb
+ CTO9MC2: 780 pb
o 10 TeV

+ CTEQ6L1: 267 pb
+ CTEQ6L: 229 pb

+ CTEO9MC2: 342 pb



Comparisons of CTEQ and MSTW2008 at NLO

Note that
CTEQ (sea)
quark and
gluon
distributions
tend to be
larger at small
X

Perhaps due to
positive nature
of gluon in
CTEQ

framework

Ratio to MSTW 2008 NLO

Ratio to MSTW 2008 NLO

Ratio to MSTW 2008 NLO

Up valence distribution at @ = 10* GeV?
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CTEQ and

MSTW gluon fairly
close in x range

at NLO for tT

production at
LHC



Compare gluons

10

xf(x,Q2)

o HEPDATA
[ [|Cotaboses]

Q=+2= 10000 GeVes2
— gluon  MSTW2008NNLO
—... gluon  MSTW2008NLO
o gluon  CTEQE.6M

® The MSTW2008 NNLO
gluon is close to the
NLO gluon which is
close to that of CTEQG6.6

® \Why the difference in 3
cross sections then? .

+ partially gluon

+ partially og

o CTEQ uses world
average value of as
in global fits
(0s2'°°P(m)=0.118)

¢« MSTW leavesitas a
a free parameter in fit

A 0.120 for
MSTWO08

Gluon distribution at Q° = 10° GeV*
T T T T T T T T T LB

MSTW 2008 NLO {90 C.L.)
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CTEQ modified LO PDFs

® Skip the detailed motivation since we've all seen it
before...

® Basically,we want the LO* pdf's to behave as LO as
Xx->0; as close to NLO as possible as x->1

® In this way, we can

+ maintain the connection to the underlying event
tunes already in use (dependent on the low x
behavior of the gluon)

+ better describe the shapes (and normalizations) of
hard cross sections at the LHC (dependent on the
high x behavior of the PDFs)
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LO and NLO distributions

| W+ rapldity distribution | | W- rapldity distribution |
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CTEQ mod LO PDFs

® Include in LO* fit (weighted)
pseudo-data for characteristic
LHC processes produced
using CTEQG6.6 NLO pdf's
with NLO matrix elements
(using MCFM), along with full
CTEQG.6 dataset (2885
points)
+ low mass bB
a fix low x gluon for UE
o tT over full mass range
A higher x gluon
o WHW- Z0 rapidity
distributions
A quark distributions
¢ gg->H (120 GeV) rapidity
distribution

® Allow total momentum in
proton to exceed 1.00 if
needed to fit the real and
pseudo-data

o other sum rules intact
® Use 1-loop or 2-loop oy
+ two different fits and thus 2
different PDFs

+ Wwill concentrate on 2-loop
results here

+ keep ay(m,) fixed on 1-
loop (2-loop) world
averages, for better
connection to other CTEQ
PDFs

® Also, another technique
involving use of scales



Some observations

® 2 improves with momentum
sum rule free

+ without pseudo-data in fit, the
momentum sum increases by
~3-4%

® Pseudo-data has conflicts with
global data set

+ that’s the motivation of the
modified pdf’'s
® Requiring better fit to pseudo-
data increases chisquare of

® No strong preference for 1-
loop or 2-loop a4 that | can
see, with fits containing
weighted pseudo-data;
without pseudo-data, prefers
2-loop

® Normalization of pseudo-data
(needed K-factor) gets closer
to 1

+ 1.00 for W production

LO fit to global data set by (instead of 1.15)

about 10-20% (although this is + ~1.1 for tT production

not the primary concern; the fit (instead of 1.4)

to the pseudo-data is) + ~1.4 for Higgs (120 GeV)
+ prefers more momentum (instead of 1.7)

(1.10 for 1-loop and 1.14 for
2-loop); mostly goes into the
gluon distribution



Results

® Mod LO W+ rapidity W+ rapidity distribution
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W- rapidity distribution |

Results

Z rapidity distribution
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Results

® Can get a normalization (for scale  ® Virtual corrections very large;
my; much closer to NLO) better normalization but mod LO
still < NLO

tT mass distribution

Higgs(120 GeV) rapidity distribution
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K-factor table from CHS paper

Typical scales

Tevatron K-factor

LHC K-factor

Process Ho | 1 K(po) | K(pa) [ K'(po) | K(o) | K(pa) | K'(120) | K" (120)
144 mw | 2mw 1.33 | 1.31 | 121 || L.15)] 1.05 | 1.15 |[]0.95
W+1jet my | Pt 1.42 | 1.20 | 1.43 |f1.21)] 1.32 | 1.42 |[]0.99
W+2jets my | P 1.16 | 091 | 1.29 || 0.89)| 0.88 [ 1.10 -

WW +jet my | 2my 1.19 | 1.37 | 1.26 || 1.33]| 1.40 | 1.42 =

tt me | 2my 1.08 | 1.31 | 1.24 || 1.40)| 1.59 | 1.19 1.09
tt+1jet me | 2my 1.13 | 143 | 1.37 || 0.97)| 1.29 | 1.10

bb my | 2my 1.20 | 1.21 | 2.10 [f 0.98)| 0.84 | 2.51 -

Higgs my | P 2.33 = 2.33 || 1.72 —~ 2.32 1.43
Higgs via VBF | my | i 1.07 | 097 | 107 || 1.23]| 1.3¢ | 0.85 []|0.75
Higgs+1jet mu | Pt 2.02 - 2.13 || 1.47 -~ 1.90 1.33
Higgs+2jets | my | p - - - 1.15 - - 1.13

Table 3: K-factors for various processes at the LHC calculated using a selection of input
parameters. Have to fix this table. In all cases, the CTEQ6M PDF set is used at NLO. K
uses the CTEQG6L1 set at leading order, whilst K" uses the same set, CTEQ6M, as at NLO
and K uses the modified LO (2-loop) PDF set. For Higgs+1,2jets, a jet cut of 40 GeV/c
and |n| < 4.5 has been applied. A cut of pJ:l'ft > 20 GeV/c has been applied for the ti+jet
process, and a cut of p’z‘ft > 50 GeV/c for WW +jet. In the W (Higgs)+2jets process the jets
are separated by AR > 0.52, whilst the VBF calculations are performed for a Higgs boson

of mass 120 GeV. In each case the value of the K-factor is compared at two often-used scale
choices, where the scale indicated is used for both renormalization and factorization scales.

Note K-factor
for W < 1.0,
since for this
table the
comparison

is to CTEQ6.1
and not to
CTEQG6.6,

l.e. corrections
to low x PDFs
due to
treatment of
heavy quarks
in CTEQG6.6
“built-in” to
mod LO PDFs



Some PDF comparisons

® The 2-loop modified
LO PDF is similar to
CTEQG6L at low x and
to CTEQG.6 at high x,
as designed

® Also shown for
comparison is the
mrst2007lomod gluon
PDF

Gluon Distributions
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Mini-jet production

® ... .will be especially sensitive to
gluons in x range of 1E-05 to
1E-02

X
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Some PDF comparisons

® high x region Gluon Distributions Q=8 GeV
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Only mod 2-loop and mrst

® similar Gluon Distributions Q=8 GeV
over a ,
wide x 10°E
range N
® mrstis i
larger at
. 10
small x; =
CTEQ at .
high x |
Lo = LO mod 2-loop
D L
x -
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Compare 1-loop and 2-loop mod LO PDFs

® 2-loop slightly
higher than 1-loop
over most of x
range

+ larger o for 1-
loop version
enables easier
normalization
for pseudo-data

® That's why the
violation of the
momentum sum
rule is larger for the
2-loop

Gluon Distributions
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Ratio plot:comparison to CTEQ6.6

® CTEQ mod ' ——cteqb6_r
LO PDFs I ——cteqbL_r
. —— ct09mlo_r
higher than cto9me1 r
tO X ~03'04 ml'st07m|_0
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Up quarks at Q=85 GeV

® |arger quark distributions in 1E-04 to

1E-01 lead to higher W/Z cross sections

Ratio
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UE tuning for the LHC

® \Working on UE tunes for

LHC 10 TeV Inelastic, Non-Diffractive
the new PDFs (S. Mrenna) < 2
. . @ Average Charged Particle p; (Inl<2.5, p,>0.5GeV)
® To therightis a S 7 N 1pT i
. . A ct09mc i
comparison to Pythia & --6---308  ct09mMGc2 ;i
reference tune D6 DB !i
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Modified LO PDF Summary

® Conventional ways of generating events with LO parton shower
Monte Carlos have drawbacks from the point of view of parton
distribution functions

® CTEQ mod LO PDFs reduce some of those drawbacks and can be
considered as an additional tool for the LHC, leading to better
shapes and normalizations with some LHC benchmark cross
sections

+ | still also like the option in Pythia8 to be able to use a LO PDF
for the UE and parton showering and a NLO PDF for the matrix
element evaluation

® Paper almost complete; the two PDFs discussed here will be called
¢ ct09mc1: 1-loop
¢ ct09mc2: 2-loop

+ working on UE tune(s) and mini-jet implications for the LHC for
these two PDFs



CTEQ4LHC/FROOT

® Collate/create cross section
predictions for LHC
+ processes such as W/Z/
Higgs(both SM and BSM)/
diboson/tT/single top/photons/
jets...

o atLO, NLO, NNLO (where
available)

a new: W/Z production to NNLO
QCD and NLO EW

+ pdf uncertainty, scale uncertainty,
correlations

+ impacts of resummation (q; and
threshold)

® As prelude towards comparison
with actual data
® Using programs such as:
+ MCFM
+ ResBos
+ Pythia/Herwig/Sherpa
e ... private codes with CTEQ

® First on webpage and later as a
report

Primary goal: have all theorists (including you)

write out parton level output into ROOT ntuples

Secondary goal: make libraries of prediction
ntuples available

FROOT: a simple interface for writing
Monte-Carlo events into a ROOT
ntuple file

Written by Pavel Nadolsky
(nadolsky@physics.smu.edu)

CONTENTS

froot.c -- the C file with FROOT
functions

taste_froot.f -- a sample Fortran
program writing 3 events into a ROOT
ntuple

taste_froot0O.c -- an alternative top-
level C wrapper (see the compilation
notes below)

Makefile



MCFM 5.3 has FROOT built in
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cteq_lo_pdfs.ppt }‘

A ]

dbcurr2008.ps

0807.0234_high_pt_jet
s.pdf

m
mac_spartyjet

(]
mario_analysis

W2z _jets_csc_drafts

user.alessandrotricoli.t

v rigl_naisal...OQOSquo!

-
Jhu_study

=]
Work on ZfOeOee as a

normalization.ppt

9,1KB/s 00300

® Grab File Edit Capture Window Help © [ = 4 (<0 100% Sunl10:15AM % Q
YO O X ROOT Object Browser 000 X cl_n2
le View Options Help | Eile Edit Miew Options Inspect Classes Help ST
= > . ' h
3o | of <l le] 3 Option | -l Wt-AL:'o Erivies 6453670
| Folders | Contents of "/ROOT Files/qq_Hgq_real_cteqs6._120_120_vybfrootth10" ) 4 f :&asn -;Zoig
Chocompneiz A [3E3  JRE4  IRES IES  IRE7 PDFOT i PDF02 §% PDFOS 3 PDFD4  §% PDEDS 5000 — -
(515 _study 4 POF06 3% POFO7 3% PDFOS 3% PDFOS 3% PDFI0 3% PDF11 34X 44K PDF15 C
(5partyJet 4 POFIE §% POFI7 3% POFIS 38 FPOFI9 3y PDF20 Jy PDF21 PO DF24 §% PDF25 4000 —
atm 4 POF26 % POF27 3% POF26 3% PDF29 3% PDF30 3% PDF31 3% POFIR I8 3 4% PDF34 % PDF3S C
(Jwz_jets_csc_crafts | 3% PDF36 3% PDF37 3% PDF33 §%PDF39 §% PDF40 3% PDF41 § 42 \{ PDF43 §% PDF4d4 o px3 -
()20_root_files eexd Fes T Feex7 g Tew7 Repes 3000
(1 Documents L epzd epzs b 7 C
(J1Downloads C
[froot 2000 -
(diwhuston H B
. store 4-vectors for final state pa -
[(IMovies H . H H 1000|— I_b
D | + event weights; use analysis scrip . :
(JPictures -

i Ce 14 L
S to construct any observables and the o
Cistes pdf uncertainties; in future will put scale\ lbesm————————————
JROOT Files . . . . ' (aXaXa) N cl
ammsees || UNCertainties and pdf correlation info as “\geie et Yow gpions spest Gises el

) a4 htemp
| I o We” PDFO;ldoa Entries 6559810
I Objects. | wt_ALL p Mean -;(2:.5
=4 B RMS 8
i 1 10alfas.pi SEE
0. rumr=-r—- [ f110alfas.sum =
2o [g] fits.tar.gz -
0| -puymp=-p-- [ fscalfas.dta © { 4000
¥ A [] fscalfas.pds wofm B
L I fscalfas.pit bash C
B e [ fscalfas.sum Egg:_ 3000—
0 ru! [% g8_7_073001_moch.pdf C
- = g8_7_| | P /ser: B
8-{-ru-r—r— [% Graph_comp_dta_cp6ls9.eps E?Egﬁ -
{rer—re= E} Graph_comp_dta_locps6.eps READM -
huston@ 2000
gﬂwgiﬁﬂgafjﬁﬂ,'ﬁ: E‘ Graph_plt_locps6_cp6ls9.eps bin C
ghuston@saturn ¢ [%_Granh sum locnsé cnfils9.ens :?:: B
4./Connection_to L
o3 b'ash-3.2$'|:| 1 of 86 selected, 7.7 GB available g::ﬂ: 1000__
3.427E-05 3.427E- A =-5. ﬁeg;e -
. + ~ [2.727E+03 5.879 -
¢ gogiigo A.212R-N1 3. 842FE-03 _1.92RE-01__2.R92FR-N4 2.R7IOE-02 3.R4TE-0% 101 z0.03 !m:ka‘ b | | | | |
— = e ) L U TR TN N Y TR S [T N TN N TN SN TN N |
== BB olbd v -4000  -2000 0 2000 4000
bash- PDF01

-
1

e P e N/
Y
a® <3 A H AhroEs




prototype webpage
http://www.pa.msu.edu/~huston/cteg4lhc/higgs/cteg4lhc _higgs.html

000 cteg4lhc_higgs
4| » & =+ % nup//www.pa.msu.edu/~huston/cteq4lhc/higgs/cteg4lhc_higgs.html ~(Q~ Google D
[1]1 Amazon ASingle Thread Les Houches ...V Colliders MTA SZTAKI: ... Dictionary CSCNotesLis...las < TWiki PatVancouve...las < TWiki Quick guide...nda monitor Quick guide...nda monitor »

Standard Model Higgs Production at the LHC H

The Standard Model inclusive Higgs cross section is known at LO, NLO and NNLO. The Higgs tranverse momentum distribution has
been calculated to to NNLO+NNLL. The link to the discussion of Higgs production in CHS can be found here.

The cross section for Higgs production at NLO, using CTEQ6M pdfs, as a function of its mass is shown below. The largest production
mechanism is gg fusion, through a top quark loop. The branching ratios for the Standard Model Higgs decay, as a function of its mass
are also shown below.
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T W W e

[huston@saturn 125_EE]$ 1= -1

total 6474536

-ry=r——p-——
lhc_1,root
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lhc_2,root
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c,dat
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[huston@saturn 125_E6]$ (]

Example:gg->Higgs (125 GeV)

6.6 GB total for real+virtual
1900836256 Mar 9 16:00 ggfusO_real _cteqbb,_125_125_125_

1440740081 Mar 9 19:31 ggFusO_real_ctquB._125_125_125_'
38165 Mar 9 19:31 ggfusO_real _cteqbb,_125_125_125_1h
120912 Mar 9 19:31 ggfusO_real_cteqbb,_125_125_125_1h

1902093628 Mar 9 11:46 ggfusO_real_cteqbb,_125_125_125_
61186 Mar 9 19:31 ggfusO_real_cteqbb,_125_125_125_1h
27133 Mar 10 11322 ggfusO_virt_cteqBB,_125_125_125_lh
19768 Mar 10 11:22 ggfusO_virt_cteqBB,_125_125_125_1lh

1373302433 Mar 10 11:23 ggfusO_virt_cteqBb,_125_125_125_
31156 Mar 10 11:22 ggfusO_virt_cteqbb,_125_125_125_1h
43399 Mar 9 19:31 higgs_125_1E6_real,log
41181 Mar 10 11:22 higgs_125_1E6_virt,log

26696 Mar 12 14:07 mcfm_histograms,root
3360 Mar 12 13:20 read.cc




Output plots
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Output plots

File Edit View Options Inspect Classes Help
higgs rapidi , h_y_h
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Summary

® Plans for Les Houches

+ collecting results of completed
higher order calculations

® Physics will come flying hot and
heavy when LHC turns on in

2009
a tables, plots and ntuples a la
® [mportant to establish both the CTEQ4LHC
SM benchmarks and the tools we o common format for storing parton
will need to properly understand level information in the ntuples
this flood of data Ao scale variations stored

+ special interest in higher order
corrections of Higgs observables

+ missing processes for wishlist
+ standardization of NLO

® Having (only) 200 pb-' of data at
10 TeV may be the best thing for
us...understanding before
discovery

computations
® ...but perhaps not the most 4 minimal agreement on color and
exciting helicity management and on

: . passing IR subtraction terms
® Much of the work discussed in could lead to transportable

this talk will continue at Les modules for virtual corrections

Houches ) A8 NouCHmS / + new techniques for NLO
® June 8-26,2009 §# ALl computations

+ IR safe jet algorithms

http://www.lpthe.jussieu.fr/lLesHouches09Wiki/index.php/Main_Page



Summary-2

*Update to NLO pdf’s
erecent Tevatron data
«arXiv:0904.2424
seigenvector tools
«arXiv:0904.2425
°In the near future, CTEQ
will also have
*modified LO pdf’s
*several types
ecombined (x and q,) pdf fits
useful for precision
measurements such
as W mass
*NNLO pdf’s
will then make the
relevant Higgs ntuples

® All of our work was made
possible by the insight and
inspiration of our late colleague
Wu Ki Tung
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Abstract

In this paper. we will develop the perturbative framework for the calculation of hard-scattering
processes. We will undertake to provide both a reasonably rigorous development of the
formalism of hard-scattering of quarks and gluons as well as an intuitive understanding of the
physics behind the scattering. We will emphasize the role of logarithmic corrections as well as
power counting in &g in order to understand the behaviour of hard-scattering processes. We will
include ‘rules of thumb’ as well as “official recommendations’, and where possible will seek
to dispel some myths. We will also discuss the impact of soft processes on the measurements
of hard-scattering processes. Experiences that have been gained at the Fermilab Tevatron will
be recounted and. where appropriate. extrapolated to the LHC.

(Some figures in this article are in colour only in the electronic version)
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Abstract

In this article, we review some of the complexities of jet algorithms and of the resultant comparisons of
data to theory. We review the extensive experience with jet measurements at the Tevatron, the extrapolation
of this acquired wisdom to the LHC and the differences between the Tevatron and LHC environments.
We also describe a framework (SpartyJet) for the convenient comparison of results using different jet
algorithms.
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New CTEQ technique

® \With Hessian method,
diagonalize the Hessian matrix to
determine orthonormal
eigenvector directions; 1
eigenvector for each free
parameter in the fit
o CTEQG6.6 has 22 free

parameters, so 22 eigenvectors
and 44 error pdf's

o new NLO pdf's will have 24 free
parameters
® Each eigenvector/error pdf has
components from each of the free
parameters

® Sum over all error pdf’s to
determine the error for any
observable

® But,we are free to make an
additional orthogonal
transformation that diagonalizes
one additional quantity G

2-dim (i,j) rendition of d-dim (~16) PDF parameter space

contours of constant 32 global

u;: eigenvector in the l-direction
p(i): point of largest a; with tolerance T 2

—

i) Sy global minimum

diagonalization and

rescaling by
the iterative method

« Hessian eigenvector basis sets

(b)
Original parameter basis Orthonormal eigenvector basis

(a)

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

® |n these new coordinates, variation in a
given quantity is now given by one or a few
eigenvectors, rather than by all 44 (or
however many)

® (G may be the W cross section, or the W
rapidity distribution or a tT cross section,
depending on how clever one wants to be

® In principle these principal error pdf's could
be provided as well, for example in
CTEQ4LHC ntuples (see later)



Go back to K-factor table

® Some rules-of-thumb

® NLO corrections are larger for
processes in which there is a
great deal of color annihilation

¢ gg->Higgs
* gg->vy
o K(gg->tT) > K(qQ -> tT)
® NLO corrections decrease as
more final-state legs are added
¢ K(gg->Higgs + 2 jets)
< K(gg->Higgs + 1 jet)
< K(gg->Higgs)
+ unless can access new initial
state gluon channel
® Can we generalize for
uncalculated HO processes?

+ so expect K factor for W + 3
jets or Higgs + 3 jets to be
reasonably close to 1

Table 1. K-factors for various processes at the Tevatron and the LHC, calculated
using a selection of input parameters. In all cases, the CTEQ6M PDF set is used
at NLO. K uses the CTEQG6L1 set at leading order, whilst X' uses the same set,
CTEQ6M, as at NLO. Jets satisfy the requirements pr > 15 GeV and || < 2.5 (5.0)
at the Tevatron (LHC). In the W + 2 jet process the jets are separated by AR > 0.52,
whilst the weak boson fusion (WBF) calculations are performed for a Higgs of mass
120 GeV.

Typical scales Tevatron K-factor LHC K-factor
Process Ho K(po) Klpa) K'(mo) Klpo) K(m) K'(po)
W mw  2my 1.33 1.31 1.21 1.15 1.05 1.15
W +1 jet mw  (pF) 142 1.20 1.43 1.21 1.32 1.42
W + 2 jets mw (PF) 116 0.91 1.29 0.89 0.88 1.10
tt my 2m; 1.08 1.31 1.24 1.40 1.59 1.48
bb mp 2my 1.20 1.21 2.10 0.98 0.84 2.51

Higgs via WBF  mpy (p';') 1.07 0.97 1.07 1.23 1.34 1.09

Casimir for biggest color
representation final state can
be in

Simplistic rule /‘

Ci1 + Ci2 - Cf,max

\)

Casimir color factors for initial state




