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Cold Nuclear Matter (CNM) physics

Lessons & Clues from the data:
* shadowing

e initial-state vs final-state

* absorption

e dE/dx from Drell-Yan

* pr broadening

e Intrinsic Charm

* very small-x shadowing (E665)

FNAL E772/789/866, SPS NA38/50/60;

FINAL E665 (DIS): Cronin expt, ...
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Saturation of Small-x Gluons or Shadowing

Leading twist gluon shadowing, e.g.:

* EPS0O9 - phenomenological fit to DIS & DY
data with large uncertainties, Eskola,
Paukkunen, Salgado, THEP 0904:065,2009

* Also coherence models & higher-twist (HT)

shadowing, e.g. Vitev

Small-x gluon saturation or Color Glass

Condensate (CGC)

I

Pb

* At low-x there are so many gluons that 7= In(}{(]

2— 1 diagrams become important and

deplete the low-x region

* Nuclear amplification: x,6(x,) =
A3x,6(x,), i.e.gluon density is ~6x higher

in Gold than the nucleon
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Energy Loss of Partons in Nuclei

Initial-state energy loss
E866/NuSea, 800 GeV, J/V¥

p+W / p+Be ratio
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Cronin effect, or p; broadening from sof+t

initial-state pre-hard-interaction scatterings

Cr'onm et al PRD 11, 3105(1975)
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Q The cross sections show a very strong A de-

pendence at high p,. While the atomic number
dependence is close to A" " at low p,, the de-
pendence becomes, at high p, (>4 GeV/c), A'"!

P.B Straub PRL 68 452(1992)

CC

Jly

E866/NuSea 800 GeV p+A

7 P 1.3 4 d1.75 £
for pion production, and A'** for proton and anti- _{uormonzonon Error n. I L DL R [y s
proton production. The nucleons in the nucleus 155 T[+ W A ¥
appear to act collectively in the production of high- N i
Q .25 - ¢$‘ T
b, hadrons. S %‘. I
.Ur.._ ’5 r e f‘ =1 1 _ A @ This exp . d +:
t_ . N il F A aRef2 ¥
075 4 i [P
.8 K+ 4 K- ] F T H | =
2.5 + K 3
4 (e) C ) ; i
L i 3 ¢ * LI 1.5 LL %é'é T
2- T st % 27 GeV e ¥
|f' : I $ \ R PR S S
O 44 e B “F p 4 !
- 5 B : p |
8 p 3 i 4 ,3“1‘
R R R A P | 108 PRL 84, 3256 (2000
U 6 0 ? 4 [ ® } ]
r r 1 1 _@A 38 Gev ,_ r_*é pbar - 07 é I)l L
p,(Gev/c) p, (GeV/c) A i 0 1
R S S S R R g 0 PT(GeV/C)
FIG. 17. Plots of the power « of the A dependence Pr (Gev/c) Pr (GeV/c)

versus p, for the production of hadrons by 300-GeV ;
protons; (a) 7, (b) 77, () K*, () K™, (e) p, and (f) p.

1/7/2013 4



Vertica.y
focusng
quadrupoles

Target

Lessons and Clues from the Data

Cronin expt.

vertical
collimator

Bend. mogne!

Bend. magnet-

NAL : -
__extracted 1 !
] 16 mrad- L
beam ' N {
Shielding H-1 »g:l::;\:rou /-' Cerenkov
/
ccunter A-4-
Horizontal Horizontally Az ot
collimater - focusing
quadrupoles
I 4[ T T T
Oom m Bm 12m mwpe's 16m
MWpE's
— -1 | ]
muan -
P,
T —L
Y | == —
§ i
—
§ 5 =
S Rt Pi1 R2 | magnet muon n
§ Nﬂsa trigger hodoscopes
R3 4 P2

1/7/2013

. "\
Xw| .7
Cryogenic
Target System
_'____._,—-""

800 GeV
Protons

SMO

Ring Imaging
Cherenkov Counter

E866/NuSea

Station 4

Station |

Hadronic
Calorimeter

Station Z

Electromagnetic
Calorimeter

SM12 Analyzing
Magnet

SM3 Analyzing
Magnet

&
371 VE AvL VE 2v] VE. pavent




PHENIX, E866, NA3 J/y Comparison
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Suppression Not Universal vs x, as Expected for Shadowing
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Closer to scaling with x¢ or rapidity
* initial-state gluon energy loss?

Energy loss of incident gluon G
shifts effective x; and A D
produces nuclear suppression \
which increases with xg Xp
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(x, is x in the nucleus)
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e or gluon saturation?

(Gluon saturation from non-Tinear gluon
interactions for the high density at
small x; amplified in a nucleus.

high x




Fermilab E789: D° » Kn and B —» J/y X
(charm & beauty using silicon vertex detector)
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Comparing Open & Closed Charm
Isolating Initial-state Effects

E866/NuSea 800 GeV p+A

Open-charm p+A nuclear dependence (single-u p+> 1 GeV/c) - very similar
to that of J/V¥:
« implies that dominant effects are in the initial state

« e.g. dE/dx, CGC (since shadowing disfavored by lack of x, scaling)
« weaker open-charm suppression at y=0 attributed to lack of absorption
for open charm
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Absorption at mid-rapidity, J/y & ¢'

Absorption (or dissociation) of J/y or
pre-J/v (CC) as they exit nucleus into
two D mesons, by nucleus or co-movers

Power law parameterization g = 0 * A®
a = 0.954 + 0.003

a = 0.941 + 0.004 NA50, QM04

Absorption model parameterization (from pA)

o5/, = 4.18 £ 0.35 mb NA50 QMO5
o, =7.6%11mb
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E866/NuSea @ xr=0

in Fixed Target Measurements
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Absorption or Dissociation of J/vy
after correcting for shadowing

Energy Dependence; after

corrections for EKS98 shadowing

E o NA3
= % NAS50-400
) * NA50-450
1,10 ® ES66
B % o HERA-B
> ] B PHENIX
za |
S
Eur. Phys. J. C(2011) 71: 1534
Jhy
1] EKS98

Sy [GeV]

I/

Fig. 77 The extracted energy dependence of o

at midrapidity. The

solid line is a power-law approximation to U;;/Sw(_\‘ =0, ./snnv) using
the EKS98 [876, 877] shadowing parametrization with the CTEQ61L
parton densities [878. 879]. The band indicates the uncertainty in
the extracted cross sections. The dashed curve shows an exponential
fit for comparison. The data at yems ~ 0 from NA3 [880], NASO at
400 GeV [872] and 450 GeV [873], E866 [874], HERA-B [881]. and
PHENIX [663] are also shown. The vertical dotted line indicates the
energy of the Pb4+Pb and In+In collisions at the CERN SPS. Adapted
from [875] with kind permission, copyright (2009) Springer
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v' absorbed more than J/y near xg = 0

E866/NuSea, ¢ =5, * A

41472006
1/7/2013
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All consistent with no x: dependence.
We use average of E866 and NA50:

Aa(E866, NA50)=-0.030+0.004

Hermann Kolanoski HU Berlin - HERA-B Results - BNLOG60404
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Contrasting Y's with J/y's

E772, p+A—> p'

Integrated Cross Section Ratios

e 1.2
105;
gl JS =39 GeV (E772 & E866)
8 - less absorption .y
1. * ot in shadowing region (large x;) 2
° - similar p; broadening
10 -
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Drell-Yan

p (beam)
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Drell-Yan from E772/E789/E866 at Fermilab

= E
3 f  IPY(3.097)
— ; I
pN — u,+u X ! i
T W (3.686) ~12% of total statistics
i I et LA
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o okl
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_Phys. Rev. Lett. 83, 2304 (1999)
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Quark Energy Loss from Drell-Yan data

Two ways
assuming EKS Shadowing assuming Kopeliovich Shadowing
Johnson, Kopeliovich et al., PRL 86, 4483 (2001)
Phys. Rev. Lett. 83, 2304 (1999)
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A o(p+A) /A, .o(p+d)
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In E906 at 120 GeV, nuclear suppression in
Drell-Yan should only be from dE/dx (x, > 0.1)
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Drell-Yan to constrain parton energy loss in CNM

FNAL E906/Seaquest - Drell-Yan
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Distinguish radiative from collisional (L2 vs L)
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See Paul Reimer's talk

Drell-Yan
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Transverse Momentum Broadening

J Iy
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Transverse Momentum Broadening - DY, J/y, Upsilon

n PRL 96, 012304 (2006)
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Deuteron vs the Proton

ey 55 Br 18) o

----"‘h_

[ —
H T
238 U

Energy released by fission

Deuteron is very weakly bound &
not a typical nucleus in terms of
CNM effects
* Binding energies:

D -2.22 MeV

e Alpha - 28.3 MeV

Energy released by fusion

Binding energy per nucleon (MeV)

m

0 20 40 60 80 100 120 140 160 180 200 220 240

Mass number (A)
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J/y Nuclear dependence weaker than
expected for Deuterium/Hydrogen |

B e e e 1.1 TS e o P T B R
1o7sF  J/¥ Production at 800 Gev ] 1075}
3 1 | E866/NuSea g e —
T osE | Preliminary ; 1025
B w] i
o 1F
> i
ﬁ f".’
+ 0.975 4% —
£ A 5
L 095 i — &
Fa E866/NuSea | 1
0.925F Preliminary |-
005 6.2 025 035 055 0.4 045 05 S N N T R
Xp pr(GeV/C)

Nuclear dependence in deuterium seems to follow the systematics of larger
nuclei, but with an effective, A ¢ smaller than the A=2 of deuterium

From fits to E866/NuSea a(x;)oc1-0.052x, —0.034x;
p + Be, Fe, W data: g,4~ 0, A a(p,) < 0.06p, +0.011p;
1/7/2013
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Intrinsic Charm

proton

Jly

Intrinsic charm components of incident proton
produce J/v at large xr. A%/3 dependence from
surface stripping of proton's light quarks (Brodsky)

23



Intrinsic charm contribution to Quarkonia

1.00

At large xr (> 0.5) intrinsic cc
components of the projectile
proton can dominate the
production of charm pairs

* A2/3 dependence via surface
stripping of light quarks to free
charm pair component 0.00

Vogt, Brodsky, Hoyer, NP B360, 67 (1991)
(also includes absorption and shadowing)

0.75

da(Fe)/do(D)

1072
No conclusive evidence for IC: 1
"IC constrained to be from zero (no = 0-3
IC) to a level 2-3 times larger than @
previous model estimates”
Pumplin, Lai, Tung, PRD 75, 054029 (2007) 0t
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C,C at u=2GeV
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Flattening of shadowing at very small x?

F, structure functions (q & gbar) may show leveling out of shadowing

at smallest x values probed by DIS on nuclear targets (E665)

hep-ph/0506039 J. Phys. 635, 115010 (2008)
L g 0-93 -_ & E663 data - rad, corrections
O o TNAL-E665 N EE 0.9 - m Eﬁ.ﬁs lf!illﬂ
= _ 7] Z o.ss | Kopeliovich - color
* 0.9 Vitev - higher- B ~ ltransparency &
< 7 [Twist shadowing ] -8 coherence effects
TN o _ 0.75
o 0.8 I
7] 0.7 —
0.7 ] 0.65 -
0.6 pb 06 [
] |||||||| L1 |||||||. L |||||. 0.55 - 1o o .
0.001 0.01 0.1 0 0 102
}(B }(B

Figure 3.34: Data from E665 compared with (left) a shadowing calculation from Vitev [307]
and with (right) color transparency and coherence calculations from Kopeliovich [223]. In
the right panel, the solid (dashed) curve is with (without) the contribution from gluon shad-
owing.

e.g. probe gbar with very-forward Drell-Yan on nuclear targets

1/7/2013

25



E772, p+A—> '

Integrated Cross Section Ratios
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Summary
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Solving the J/vy Puzzle

\ Separate MJL - 4/3/12
5906 i‘ \/)sy dE/dx from
ep- 0 Theory: gvs
gluon dE/dx
quark dE/dx

shadowing
\ initial state

quarkonia vs gluon dE/dx
open-heavy

isolates I.5. from breakup

breakup

diff. Screening
for diff.
quarkonia states

N

Screening
in QGP

gluon

diff. x ranges for shadowing shadowing

Theory: EPS09;
coherence models;
gluon saturation

direct-y

ath length
vs HQR ; -

dep. of CNM

d+Au vs d+Cu &
q J+ *qorgindeuteron - dE/dx centrality dep.
>.“< * g or g in nucleus - shadowing

/- » 2 unknowns, 3 measurements

CNM

/’I

[

pr of Ry, from
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or random?

flat or rising
R . as b—0?

Regeneration

large regen. ' Theory for

@ LHC?

RHIC regen.

predict
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HERA-B - J/y A dependence
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Previous result of FNAL E866 extended to x: = -0.35

A. Zoccoli (HERA-B) —talk @ Hard Probes 2004
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0.9
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Preliminary
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Vogt — hep-ph-/9907317 + HERA-B
I E866
e Brodsky, Hoyer = Vogt
(minimum) dE/dx Kaidaiov
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Result from 15% of full p*u~ sample, statistical uncertainties only,

similar results for e*e-

Work on systematics ongoing. Complete the analysis on the full data

sample.
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Open Charm Nuclear Dependence : X¢ Dependence?

WAS82 340 GeV 7~ PRB 284,453 (1992)
|

E769 250 GeV 7+ PRL 70,722 (1993)

s 1.2 | . E
Q 3 i 2
o BT i |
g u i |
& 08 | - | [
c 4 0 05 H*
P; (GeV) % mg
FIG. 4. Dependence of the parameter « on Pr and = for * L
D+ ﬂ.ﬂd DD‘ 053 c{n cfz ofJ orn ofs 0’5 uf7 ols ofs 1

X vs X;

Fig. 4. The parameter a for charm production as measured in

Vogt et al., NP 383,643 (1992) i e
1.2 T

— E769 250 GeV 7
SLM— \WAT8 320 GeV 7 (Beam dump)

Fig. 14. We show a(x;) for 7 A interactions at 300 GeV as calculated in our model. The dashed curve

shows delta function fragmentation, the solid curve, the Peterson function. These results are compared

to those for D* mesons produced by 250 GeV 7~ A interactions [3] and the effective « found by the
WA78 beam dump experiment [23], indicated by the band with {x;) = 0.31.
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Auguet. 22. 1090 VAbramov ot al, Fig 6d
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EMC - Theoretical Models

%
(Ericson & Thomas {%) 1: s EMC
Nuclear Binding & Fermi Motion Bickerstaff & Thomas —>

Excess pions (nuclear binding) ~ Berger & Coester) 19

« Loss of valence quark momentum & enhanced sea R ‘
(pions) _ —> DY

* Pions have valence (large x) anti-quarks so anti-
quark momentum is enhanced

Fermi motion

« Spreads quark momentum near x=1 —

Rescaling (Close et al.; Jaffe)

F (X, Q%) = F,’(x,6Q°%), &~2
~15% phenomological increase in confinement scale

Overlapping nucleons (6-quark clusters, Close, Jaffe,...)
 Loss of valence quark momentum

Multi-quark Clusters (Pirner & Vary: Carlson & Havens)

Loss of valence quark momentum —

relative enhancement at x~1 (one quark can have >__
nucleon momentum)
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Sudakov suppression
Kopeliovich hep-ph/0501260

Universal suppression at large xr seen in
data for various reactions:

» forward light hadrons, Drell-Yan, heavy
flavor

- often attributed to shadowing since x; is
small

But this common suppression mechanism can
also be viewed as Sudakov suppression :

* no particles produced as x — 1 due to
energy conservation

- more multiple interactions make the
effect larger in nuclei

1/7/2013

0.
0.
0.
0.
0.

0

06 |

3'20 01 02 03 04 05 08 07 0& 08 1

Rep(py)

4f

05 C » “
.« [+ higher twist o *
t shadowing \

TEN

0.8

0.6

0.4

02

7,p,K,A,p,=2 data

of
5t

> %0e
EACIE RS
bl

Sudakov
.__Ssuppression

-~ N
;'--_____. a
L]
.
, .
N ™,

0 Lo b b b L L L
0 05 1 15 2 25 3 35 4 45 5

X

n=32

T

30-50% I_,
ﬂ L

*“‘*ﬁ%
%0% (central)

py (GeV)

describes

universal
suppression
vs xg for low
energy data

Close to
800 GeV
J/y
suppression
VS X1 (X{=X¢)

and
Brahms
forward
rapidity
(n=3.2)
hadrons

35



Fermilab E866/NuSea Detector

comx 3m X"

Station 4

— Station 1

Cryogenic
Target System

800 GeV

Protons SM12 Analyzing SM3 Analyzing

Magnet Magnet
SMO
* Forward Xg, high mass p-pair spectrometer . (4.3m Cu)
« Liquid hydrogen and deuterium targets . (13.4 1p-Cu, C, CH,)
« Two acceptance defining magnets (SMO, « Momentum analyzing magnet (SM3)
SM12)  Three tracking stations
. & 4" tracking
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Luminosity monitor NA38/NA50

8m 12m . 16m
mwpc's
//_//\‘\
_-—“'_’-— \\
1| \-—.
L
.. T . ki
Iy N
‘ 1 —
i) o T
& 55gl .
QO ®©F - O T
& = Bl =i
2 22ds . S e e
E o Lots of absorber material P1  R2 | magnet il ]
O
P Nﬁso trigger hodoscopes

4 P2
Segmented active target

R3
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1939 NMC SPECTROMETER (Top view)

FaA
F<E H3" &2
Moreable 1 mEA HE B
targe: platiorm PEB s
s vz w2l W2 Wi W2 T L 1
:E P&T
PO= —
1, == A
| 1 I o i ﬂ' 1 L
Sl Lt 2 i
EHA E=E FCB FOC R P3 Hi T
F2 POE waa wea | HEV H3H [ [rFamza
P& WE WY Hs
=Wl PvZ POD HiH I
WAE WEE He HE
BMS Seam momentum spactrometer
W, WMLE W3 W, W2 Weln CouTErs
BHA, EHE Seam hodoscopes
PA~Z POH, PV1-2, P1=-3, PLA-5C PET Proporioral chambers ¥ (| mod o scake)
FSh Fonward spacirometer magnet
W=-3, Waas-ZB, WE—T Ol chambsrs
HAE, H1V, H3W, H3H, H4, HS Large angie irigger (T1) hodosoopes
E1°, =3, HY Small angle irigger (T2) hodoscopes
1=, H3, A Small x trigger (T14] hoGoscapes
H2 =adran calorimeter

|:| Ton AnSoroers

Figure 1: The NMC spectrometar for the 1920 data taking. The beam calibration spectrom-
otar is located downstreamn and not shown.

1/7/2013



The HERA-B Detector

Target & Vertex
8 layers of
double-gided
Si-microstrips,
maovable on
Roman-Pots;

8 wire-target
(see above)

High p,
3 superlayers
gas, pixel and
pad chambers;

pre-trigger for
high p, tracks

1/7/2013

Outer Tracker

T superiayers of
honeycomb drift
chambers, 5 and
10mm cells

RICH

Spherical mirror
inside C,F,
radiator,
Lens-enhanced
multianode PMT
focal plane,

P

Inner Tracker Eieutrnmagnellc] Muon System
7 superlayers of Calorimeter | | 4 superiayers of
Micro Strip Gas WIFb scintillator gas-pixel, tube &
Chambers with sandwich, shash- pad chambers,
GEM-foil lik WLS readout pad-coincidence

with PMTs; pre-trigger
energy-cluster
pre-trigger
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Production of hadrons at large transverse momentum
at 200, 300 and 400 GeV at Fermilab
J.W. Cronin et al., PRD 11, 3105 (1975)

Vernca,
focusing .
guadrupoles
erhcal
colimator Bend. mogne!
Target - Bend. magnet:
L)
— e DDE ' , : ) A H-2 -3
v ‘h
H
‘ l6mrod- —— !
NAL . . = ; '
. ’E:vr__-'—-j? H-4
___extracted | '
proton : -. I&mrad- ——
beam L ) . H
Shielding H-i Cerenkov . Cerenkoy
counter /
Y counter L-4.
Horizontal Horizontally fs -
collimator - focusing
guadrupoles
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A Dependence of J/¢ and v Not Identical: Size Matters

Color octet mechanism suggested that J/i> and ¢ A dependence should be identical
— Supported by large uncertainties of early data

More extensive data sets (NA50 at SPS, E866 at FNAL) show clear difference at
midrapidity [NA5O pL fit gives Ao = oy, — r:rjht = 4.2+ 1.0 mb at 400 GeV, 28 £ 0.5
mb at 450 GeV for absolute cross sections]

Suggests we need to include formation time effects

[ ' [ ' 1 —* T 1 1T |°
1.0— — sl N @ ii‘
o = &
50Tl C . g }
Fii] f . | ;
i E ?% ] & 2 ]
m m
E} —{ 107t —1w-1
S - _ it 18 al II 12
0.8 — @%m % T I % s E I % %I 1 E
E866 ¢ oo T4 e
i 01 /v 1 1 | = 450 GeV | =
¢ | NASO ° | @+uses/oo - ¢
r Y 100 Gev I, % HI 96,98
I . I
o8 0.0 0.5
PR P P ¥ PR N
X, 109 mﬁ 10# 10? mﬁ 102

Figure 15: The J/d A dependence (left) as a function of rp at FNAL (, /5y = 38.8 GeV) and (right) and a function of A at the SPS (NAS0
at ppg, = 400 and 450 GeV) for J/v and ¢ production.
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Quark Energy Loss from Drell-Yan data assuming EKS Shadowing

Parton energy loss limits

1.2

| Data corrected for EKS shadowing

o LTF o
o

o

\ L i
i

b == =

0.9 ——t—t—1———t—r—t—1—t

y
\
| | I I I I [
1 | 1 I 1 | | z 1

0

e Gavin and Milana AFE < 0.14 %/fm
¢ Brodsky and Hoyer AE < 0.44 GeV /fm

e Baier et al. AE < (0.046 GeV/fm?) x L?

Phys. Rev. Lett. 83, 2304 (1999)
1/7/2013

.8
62 03 04 05 06 07 08 09 1

e S.Gavin, J.Milana, Phys.Rev.Lett
68(1992)1834

Az1 = kCzx1 (%) A%

C = 4/3 for quarks, C = 3 for gluons, n =
for ”soft physics” Experimental fit:
Az 1] — — rIa’[ I1 A %

e S.Brodsky, R.Hoyer, Phys.Lett.

B298(1993)165
<k, > L,
<
|A$1| S5 Yo
Experimental fit: Az, = — __r

e R.Baier et al., Nucl.Phys. B484(1997)265
R.Baier et al., Nucl.Phys. B531(1998)403

3as M
Az | = =* =P L <pl>
Experimental fit: Az, = —I—— A3
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Ratio (W /D)

Quark Energy Loss from Drell-Yan data
assuming Kopeliovich Shadowing

Johnson, Kopeliovich et al., PRL 86, 4483 (2001) data from
12 :||||||'| |'||: 1.2 :' LI LI LI E772_PRL 64/ 2479(]990)
1.1 F 1 11 F 3

. E - | .4— Shadowing
09 f 1 09 F ]
08 | {08 | \o|__dE/dx
0.7 1 0.7 | -4 .
5 B ' B _ 5<M<6 _ + Shadowmg
05 & | I N B B B 05 & T T B W L]

R o4 0e ee Analysis of our p-A Drell-Yan data using

I | i —— the Kopeliovich model. Dashed lines with
11 F 4 114 3 shadowing only: solid lines with parton

N RN -1 _energy loss of

0.9 —\‘j\ 1 o9 —\H\ : dE/dx = 2.32 + 0.52 + 0.5 GeV/fm
08 F +} \— 08 F * \—
07 F 4 07 F -

- 6<M<7 ] - 7<M<8 ]
it 3 306 ¢ E Confusion due to having both
U3 '0f4' | 'ofsl | I0{8 g W8 '0{4' | IO{SI | IO{BI e shadowing and dE/dx
& X contributing to Drell-Yan
suppression for measurements at
this energy
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Intrinsic charm contribution to Quarkonia

At large xr (> 0.5) intrinsic cc
components of the projectile
proton can dominate the
production of charm pairs

* A2/3 dependence via surface
stripping of light quarks to free
charm pair component

Vogt, Brodsky, Hoyer, NP B360, 67 (1991)
(also includes absorption and shadowing)

da(Fe)/do(D)

But E789 set limit on I.C. contribution
via shape of cross section vs x¢

1.00

0.75

0.50

0.25

0.00

(nb)

(1/A) % do/dx,

¢ < 2.3 x 103 nb/nucleon (1.8 nb/nucleon

predicted)

10 =

10 b

10

-2
10

E e p+Cu—Jy

.: o p+Be—=Jy

" E789, PRL 72, 1318 (1994)

Predictions w/o I.C.

0.3
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¢Q

Evidence” for the “intrinsic” charm (IC)

DIS data

[ [ i L D
EMC: v=168 GeV |

With IC

0.3

AN /dxy

10

10l

109

1071t

1077

1073

. production

1
! o
A
.\
- .'1

With I1G

pp—+A.+X '
b I'|
| . | | )
025 0.5 .75 L
Xl*'

Gunion and Vogt (hep-ph/9706252)

“Evidence” appears to be rather weak
Slide from JCP

C
oy
0.001
1/7/2013
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No conclusive experimental evidence for
intrinsic-charm

PHYSICAL REVIEW D 75, 054029 (2007)

Charm parton content of the nucleon

J. Pumplin,"* H.L. Lai,"** and W. K. Tung'*

! LR RN

L] rIIII1II 1 1 IIIIIII

IU_E - e L
E)
K
. ,-3
@ 10
L]
i

1074 = ¢ at u = 2 GeV

C L 1 IIIIIII 1 1 IIIIIII 1 1 1
10~3 10~2 10~ 1
X

Blue band corresponds to CTEQG6
best fit, including uncertainty

Red curves include intrinsic charm
of 0.57% and 2.0%

We find that the range of IC is constrained to be from zero (no IC) to a level 2-3 times larger than previous

model estimates. The behaviors of typical charm distributions within this range are described, and their
implications for hadron collider phenomenology are briefly discussed.
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