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PDF extraction requires a variety of measurements

Il

f

DIS Production Drell-Yan Jet
Production

Different linear combinations — key for flavor differentiation

oc(v,Z) ~ |[uu+dd+ss+cc+..]
c(W)~ [ud+du+sc+cs+..]

DY combinations have interesting history



3
As we've already seen from Dan Kaplan: At low Q and large x

bp Drell-Yan

Compare signal with

../ddmumu/events—ccbar.rz
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® Low energy is
advantageous:

B less charm
background

da/dm (nb/GeV)
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mp fewer pions to
confuse

B allows measurement
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D. M. Kaplan, IIT Antiproton Physics at the Intensity Frontier 18 Nov 2011 20



What are the
ISSUES In the
Kinematic region
of Interest???



What is the kinematic region we will work in???

DIS (fixed targ
HERA (94)
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Data points used for global PDF fit
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DGLAP can evolve to Hi-Q. Provides BC:

Low Q:

Possibly describe Particle/Resonance Overlap region???
Will “feed-down” to lower x with DGLAP evolution

Hi x:

Possibly investigate TMC & Higher Twist regions???
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Target mass corrections
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What about Higher Twist??? /

Factorization breaks down
Lose Universality
No “First Principles” model

L+ : .
e ... SOMetimes parameterized
as a/\?/Q? correction
1 Q: hard interaction scale

/\: characteristic hadron scale

(Q/N)? Quality of factorization
approximation

ODY:fP—wI ® fP_’@QCI_’M+M



Standard Wall Street Disclaimer:

Past performance
%S not necessarlly a guide
N\ to future returns.

Nevertheless, lets' look at some
recent history ...
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ES866 guark sea distributions:

775 FNAL E866/NuSea Drell- Yan

NA 51 CTEQ4M
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Even for a “mature” analysis,

new data can have a large impact



| et's look at
large X



Drell-Yan Cross Section in large x limit
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Proton Valence Structure: d/u for large x 12

For large x, nuclear binding/Fermi
motion corrections are important

Even Deuterion has large effects
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A.Accardi, W.Melnitchouk, J.F.Owens, M.E.Christy, C.E.Keppel, L.Zhu, J.G.Morfin

Uncertainties in determining parton distributions at large x.
arXiv:1102.3686 [hep-ph]

Yw

LHC values scaled appropriately

Determined from DIS and

DY on p and d



Nuclear A
Dependence



Nuclear Corrections: Compare Neutrino and Charged Lepton
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Done

nCTEQ

nuclear parton distribution functions

nCTEQ project is an extension of the CTEQ collaborative effort to determine parton distribution functions inside

of a free proton. It generalizes the free-proton PDF framework to determine densities of partons in bound

protons (hence nCTEQ which stands for nuclear CTEQ). More details on the framework and the first results can

be found in arXiv:09072357 [hep-ph].
The effects of the nuclear environement on the parton densities can be shown as modified parton densities

£ Qy)

005 01 0z 0E 1

where all black curves stand for free proton PDF and red, green, blue, cyan, pink, yellow,

0.0 Doz

d-valence

o053 a1 0.2 0.5 1

X
strange
ooa _|___ T |_-
_—
oos === .
oo | e
o2 F 1
a _I 1 i 1

ol ol 0as oo b2

curves show PDF in protons bound in nuclei - from deuterium (red) to lead {brown).

magenta and brown




nCTEQ Nuclear PDF's
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CTEQ style global fit extended

handle various nuclear targets

CTEQ Data + nuclear DIS & DY
[~15 targets; ~2000+ data]

A-dependence modeled;

NLO fits work well

A-Dependent PDFs

rf(z) = 2" (1 —2)"e®"(1 4 e™1)™
a; — a;(A)

ak:ak,0+ak,1(1 _A_a“)

Nuclear PDFs from neutrino deep inelastic scattering.
|. Schienbein, J.Y. Yu, C. Keppdl, J.G. Morfin,
F. Olness, J.F. Owens. Phys.Rev.D77:054013,2008.




Heavy Quark
Topics

What Is the proper
treatment of masses???



Constraints on PDFs from HERA Charm Data
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Ringaile Placakyte

Inclusive ep data + F,*
for different HQ schemes
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TR type schemes

Schematic Summary of ACOT & TR Schemes

constant
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ACQOT type schemes

constant

Q < mH Q > mH term Q < mH Q > mH term
LO 7 LO % 7 U
%
- ) == +
NLO NLO T
%
;-3.
= = -
NNLO NNLO 4+
. E 2::‘% %
L p & y o L2y




21

2009 Les Houches Comparative Studies

The SM and NLO Multileg Working Group: Summary report.
e-Print: arXiv:1003.1241 [hep-ph]

Ge[)j Prusics at Tey Coliders 75,7



Les Houches Comparative Study

22

Fac

0.4 [rrrmm ey~
- Solid: FONLL-A -

| Dashes: S—ACOT ]
0.3 - Dotdash: Full ACOT —

0.2

0.1 ‘\ —

1079104103102 10-1 109
X

ACOT & S-ACOT
essentially
1dentical
... Scheme
differences are
higher order

0.4

0.3

0.1

1079104103102 10-1 109

RS I I
. Solid: FONLL—-A

| Dashes: FONLL-A (chi v2) ]
— Dotted: S—ACOT —
\ Dotdash: S—ACOT-chi ]

Q%=4 GeV® _
4 curves
N\

N (not 2)

N

AN

X

FONNL & S-ACOT

Numerically
similar

The SM and NLO Multileg Working Group: Summary report.

J. Rojo, et al.,

FZC

e-Print: arXiv:1003.1241 [hep-ph]

0.5

0.3

0.2}

0.1}

1075 1074 103 1072 101 100
X
MSTWO09

We can quantify

theoretical scheme

diffferences



Are there Intrinsic Heavy Quarks??? Do they matter???

Are there Intrinsic Heavy Quarks???
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[IMost sensitive near threshold
* What happens if we allow the evolution to determine charm?

ZEero: No intrinsic charm
Positive: Intrinsic charm Also, the 2-scale
Negative: Inconsistent problem: {m,Q}



Final thoughts



Anti-Proton Drell-Yan Issues and Opportunities 2

Precision measurements in a
new kinematic regime reinforce
our Standard Model foundation

As experimental precision has
Increased, we need to be
concerned about the detalls

« TMC & Higher Twist

* PDFs at Large X

* Nuclear A dependence

* Proper treatment of quark
mass

* Resolution of outstanding

puzzles

... Ideas for further study
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BACKUP



Heavy Quark
Topics

strange



K(x)

We're not sure how strange is the proton

Cross Section
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