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High-mass Dimuon Production
«  Work with Jen-Chieh Peng, Junsei Chiba.

« Based on FNAL E866 experiment

- “Expression of Interest for Nuclear/Hadron Physics Experiments at
the 50-GeV Proton Synchrotron” (KEK Report 2000-11)

* Hep-ph/0007341

* Interests also from FNAL-E866 members:

— Don Geesaman, Roy Holt, Paul Reimer, Chuck Brown, Carl Gagliardi,
Ron Ransome, Ron Gilman, Don Isenhower
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High-Mass Di-muon Production

o M(utw) > 1GeV
« Drell-Yan and quarkonium

« Physics motivation

— at large Bjorken-x using the Drell-Yan process
» dbar/ubar asymmetry in the nucleon sea

» Nuclear dependence of the Drell-Yan cross sections
— Antiquark enhancement in heavy nuclei?
» Cf.) EMC effect
— Partonic energy loss effect
» Cf.) Recent PHENIX data

» 50GeV PS can measure more sensitively at comparable energy/pt region than
FNAL experiments.

 Scaling violation in the Drell-Yan process
— Nuclear dependence of JAp & 1’ production

» Key to understand suppression in relativistic heavy ion collisions
— Spin-dependent antiquark distribution at large x
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Drell-Yan process
« The Drell-Yan process: pN --> uru X

» Directly sensitive to antiquark « Useful kinematic relations:
distributions. .
T=X1X2 =—
PN o 2l gi(x1)qgi(x2) + gi(x1)qgi(x2 )
o 26, [gi (x)gi(x2) + i (x1)gi(x2) ] = pl /o

— dominated by the first term if x,>>x,
« g~ (1-x)3, sea ~ (1-x)’
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Drell-Yan cross section at 50 Gel

« At 50 GeV, Drell-Yan cross =
sections are larger than at ‘
higher energies. The focus is

on the large x region.
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d-bar/u-bar at large Bjorken-x

e u-bar =d-bar??
 Gottfried Sum Rule

1 -=- GSR
So = [[(F () = Ff (x))/ xdx NMC QP— 4GV o
1 2 4, —
=§+§ﬁ)(u(x)—d(x))dx { SG ¢
1. = 3 0
=3 (ifu=d) R ° o . ++ y
I ° b a®
 New Muon Collaboration (NMC) & o
obtains Sg = 0.235+- 0.026 e R
— Significantly lower than 1/3! | C o
= u-bar |=d-bar !! o +1-;_2 Ea— S
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d-bar/u-bar at large Bjorken-x

« Compare Drell-Yan yields from

nuclear targets (Liquid H, and D,) 2.25 FFNAL E866/NuSea Drell-Yan -~ .-
and extract d-bar/u-bar. : Nas) | CTEQaM
21 =" MRS(R2)
ord zl[1+d(x)] 175
2017[7 X1>>Xx2 2 ﬁ(x)

- 15}
 Previous results g

— NA51 found d-bar/u-bar = 0.514- 2125

0.04+-0.05 at x = 0.18 Y - A =
— FNAL-E866 measured the ratio at -
x<0.33 075 ¢
— Large discrepancy between various =~ 0.5
parton distribution functions 0.25 -
. . . r Systematic Error
especially at large x region. i N N
Covvv by b bvv v v b v by bl 4y
%0005 0.1 015 02 025 03 035
=> Need data at large x. | X
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d-bar/u-bar at large Bjorken-x

« The Drell-Yan cross section ratios for
p+p versus p+d lead to a direct
measurement of the d-bar/u-bar

-
w
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asymmetry as a function of Bjorken-x. = +
. . . . + 12r B
« The estimated statistical error with the o R 50GeV
50 GeV PS is shown. §“¢¢ M* . *|* R
— Assumptions: Sl aaaadyes an . T
» 60 days running period each for pp and pd j; ool 120GeV B
measurements 5 |

o
o)
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|

» Net efficiency of 0.5
* 1x10'2 protons/3sec

« 20inch=50.8cm thickness of liquid o o1 0z 03 04 05 06
hydrogen/deuterium target
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Scaling violation in the Drell-Yan

» Scaling: the cross section is a PA = X
function of T = x,x, = M?/s. 10°—— ‘ ‘
d;zzﬁ = 94;::2 Ze,—z[q,'(m)@(xz)+z?i(x1)qf(xz)] 10'3% v 1

 When QCD corrections (NLO
calculations) are introduced, the
scaling violation is expected.

« DY scaling violation has not
been established due to limited
kinematical range of existing

g - ]
L S ]
g e x 107 ]

\‘:'"‘-, 6
ONg ™= X 107 |

104? ----- : 50 GeV/c (THF) ) B
[ 800 GeV/c (Feymilab) ™97 "\ 100 ]

m’d*c/dx-dm (nb*GeV?/nucleon)

data. 3L (S = £00GeV (RHIC) |
x 10* ]
0.080.090.1 0.2 013 O.I4 015 0.6

VT

Dec 11, 2001 S. Sawada @ NPO1 9



Nuclear dependence of dilepton production @

« Basic question is “parton distribution
In nuclei vs parton distribution in : ]
nucleon”. T ]

- EMC effect = antiquark sea might : 7
be enhanced in nuclei.

— Drell-Yan process can probe.
— Cross section ratio (p+A/p+d)

— Poor statistics of E772 at large x i ,
cannot see any effects. 0.8 ]

— DY measurement at 50GeV will be T
able to provide new information. o %

alp+ Ca)/alp+d)
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Partonic energy loss with the Drell-Yan proces

High energy partons traversing nuclei can suffer energy loss via
— Elastic scattering from target partons
— Radiation (gluon bremsstrahlung)

BDMPS suggests

— Partonic enrgy loss in QGP is predicted to be much larger than in cold matter.

— Radiative energy loss is predicted to be proportional to L2, where L is the path
length of nuclear matter traversed by the partons. Note that the conventional
understanding says AE is linearly dependent on L. One could probably distinguish

the L-dependence from L2-dependence.

Previous efforts, such as Vasiliev et al. (Phys. Rev. Lett. 83 (1999) 2304),
have not derived a countable value (only an upper limit).

Recent publication (PRL 86 (2001) 4483) by FNAL-E772 says -dE/dz = 2.32
+- 0.52 +- 0.5 GeV/fm. Large! Really?

RHIC results suggest small dE/dz??

The fractional energy loss AE/E will be larger at 50 GeV PS, and study on
partonic energy loss is expected to be much more sensitive.

Dec 11, 2001 S. Sawada @ NPO1 11



Partonic energy loss with the Drell-Yan process at
50 GeU

*  AX; ~ -K,/S A3 (Brodsky and Hoyer, PLB298, 165 (1993)) (1)
*  AXy ~ -K4/S A?3 (Bayeretal., NPBass, 265 (1997)) (2)

Small s --> large sensitivity = o1 |
Small x, not measured --> No shadowing effect © T

(a) x, distribution i | 7
Solid curve: expected p+d spectrum for a 60-day run at i -
50 GeV 1110111
Dashed (dotted, dash-dotted) curve: X
expected p+W spectra assuming a partonic energy loss
rate of 0.1 GeV/fm (0.25 GeV/fm, 0.5 GeV/fm)

Calculated from eq.(1)

(b) x, distribution

Solid circle: expected statistical errors for (p+W)/(p+d)
ratios in 60-day run for p+W and p+d each

Solid (dashed, dotted) curve:

Partonic energy loss rate of 0.1 GeV/fm (0.25GeV/fm, 02 | 1

0.5 GeV/fm) “E
%i 05 06 07 08 08 1

X

Calculated from eq.(2) ‘
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Expected A dependence
— 60 days run for each target

Solid circles:

50 GeU

Expected (p+A)/(p+d) ratio assuming a
partonic energy loss rate of 0.25

GeV/fm with eq.(1)
Open squares:

That with eq.(2)
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Jlyp @’ production _ E«

« JAhp at 800 GeV vs JAp at 50
GeV ‘pm‘aw at f’oa &iv
— Gluon-gluon annihilation
dominates at 800 GeV,

while quark-antiquark
annihilation does at 50 GeV.

— Suitable for study of
antiquark distribution.

— Can be used to distinguish
VarlOUS PDFS Siprd=>34) /28 (prp>T4) S (prd>Ty) AS PHP> T4 )
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Experimental apparatus | E—*

« FNAL E866 and P906 spectrometers are our starting point.

— Vertical bending magnet + hadron absorbers + detectors (drift chambers,
hodoscopes, RICH, muon detectors).

— Half-opening angle of the muon pair is proportional to 1/y ==> enlarge the
magnet aperture

Ring-Imaging
Cherenkov Counter

Cryogenic Target System

Station 2 )
Calorimeter

Station 3

Absorber

SM12 Analyzing SM3 Analyzing
Magnet Magnet

Electromagnetic
Calorimeter

Protons

Smo
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Schematic view in horizontal plane Schematic view in vertical plane

o .

Experimental apparatus

« Preliminary plan of the spectrometer setup

=

r ﬂ‘\—\—\—\—\_\_\—‘
Main Magnet
100 Inch

2nd Magnet L]

Detectors and absorbers Main Magnet
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Experimental apparatus

 Proton beam
— 50GeV, ~10'2 /sec

©

— Liquid hydrogen/deuterium targets (~20 inch long and ~3 inch wide) plus nuclear
targets.

« Spectrometer magnet
- p=M/2, M=3-8 GeV, then ~8 Tm.
« Copper beam dump inside the magnet
» Absorbers
— Copper and carbon absorbers inside the magnet.
« Detectors
— Position detectors, trigger detectors, and pid.

— Singles rate < ~50MHz with ~10k channels --> need more background simulation
and adjustment of the absorbers

Total length (from target to the last detector station) ~ 15m
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Experimental apparatus

* Mass vs x; (a) and mass vs

50gev2000rev4.nt

X, (b) distribution of accepted ¢ - . § o
DY events. T o A
ol 3 T

« Expected statistics for a Drell- (o) (6)
Yan measurement with 60 days
of pp run.

— Left: mass distribution; Right: £ R s
x2 distribution Y

— Hatched area: with ST
4.2GeV<M<8GeV F dE e

1 E‘ \i\\\i\\\i\\\i\\\ 1 ? , ‘ L

mass (GeV) - <2
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Summary | E—*

« There are interesting physics topics to be studied by high-mass dilepton
measurements.
— d/u at large Bjorken-x using the Drell-Yan process
— Nuclear dependence of the Drell-Yan cross sections
» Antiquark enhancement in heavy nuclei?
» Partonic energy loss effect
— Scaling violation in the Drell-Yan process
— Nuclear dependence of JAp & 1’ production
» Key to understand suppression in relativistic heavy ion collisions
— Spin-dependent antiquark distribution at large x

« The spectrometer would be like FNAL E866 or P906, though there are many
to be considered.

Ring-Imaging
Cherenkov Counter

Calorimeter

Hadron
Absorber

SM12 Analyzing SM3 Analyzing
Magnet Magnet

Electromagnetic
Calorimeter

Protons

SMo
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