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® What will we learn? s b \ W
— d-bar/u-bar in the proton 03
— Nuclear effects in the sea quark " [0 Semae l:i\
distributions 0 e T 050

— High-x valence distributions

— Partonic energy loss in cold
nuclear matter

® \What will we measure?

® How will we measure it?
— Spectrometer upgrade  —czmsses o
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What is the distribution of sea quarks?

In the nucleon:

B Sea and gluons are important:
— 98% of mass; 60% of momentum at Q? = 2 GeV?
B Not just three valence quarks and QCD.

Shown by E866/NuSea d-bar/u-bar data q°= (7.353)" GeV*
B Significant part of LHC beam. O
B What are the origins of the sea? @ 1
In nuclei: 10"
M The nucleus is not just a sum of £ 08r Valenc®
protons and neutrons § 0.6 -
B What distinguishes this? é 0l
— Bound system 2 0ol Sep Tl
— Binding via virtual mesons ol et uankContent
0 0.1 0.2 0.3 0.4 0.5

affects antiquarks distributions
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Light Antiquark Flavor Asymmetry: Brief History

B Naive Assumption: == GSR
d(z) = u(x) 0.3} NMC 0" = 4 GeV’ ~0.15
B NMC (Gottfried Sum Rule) S
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Light Antiquark Flavor Asymmetry: Brief History
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NA 51 Drell-Yan
confirms

d-bar(x) > u-bar(x)
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Light Antiquark Flavor Asymmetry: Brief History

B Naive Assumption: 225 ¢
i(z) = u(x) N / m E566
B NMC (Gottfried Sum Rule) E 1 A NAS1

L 175 — MRSr2
/ [d(x) — alx)] de £ 0 CTEQ4m
0 1.5 CTEQ6

B NA51 (Drell-Yan)
d>1uatz=0.18
B E866/NuSea (Drell-Yan) !

d(z)/u(z) for 0.015 < x < 0.35 075 F \/

1.25

d/u

B Knowledge of distributions is 05 b
data driven -
— Sea quark distributions are 0.25 F E866 Systematic Frror
difficult for Lattice QCD [ e R N s e
B E906 extends this knowledge ’ 0 01 02 03 04 05 06

X
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Drell-Yan scattering:
A laboratory for sea quarks {
10 |
07 F—
- — XU
3= xd
10—l A A
0 0.2 0.4 0.6 0.8 1
\ ).\ y,
Y Y
Xtarget Xbeam
dQO_ 47TO£2 1 2 r_ — O;é Log scale in z
Tordms ~ omiza s 2= (0 (@)a(@) + 0t(70)3 (7)) ok \
0.7;— %QQJO(Z}\O
Detector acceptance cho0Sses X, e and Xpeam oF @o“’&é’ -
B Fixed target = high Xg = Xpeam — Xarget AR
B Valence Beam quarks at high-x. oz iy 8
B Sea Target quarks at low/intermediate-x. B 7O e

0 01 02 03 04 05 06 07 08 09 1

X beam
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Extracting d-bar/-ubar From Drell-Yan Scattering

Ratio of Drell-Yan cross sections 225
5 @ E906 ¢
2 F A 3410° POT
oPd 1 d(xzy) ' B ER66
~3 113 175 A NAS1
2077 | s - u(x)
' ng order - — MRSr2
(in leading order—E866 data analysis 1.5
confirmed in NLO) CTEQ4m
B Global NLO PDF fits which a2 CTEQS

include E866 cross section ratios‘.\5 1 pd

agree with E866 results \/
B Fermilab E906/Drell-Yan will 075 ¢

extend these measurements and .

reduce statistical uncertainty. F

B E906 expects systematic 0.25 [ E866 Systematic Erro;‘g
uncertainty to remain at approx. == TN

[ I L L L L ]
1% in cross section ratio. 0 0.1 0.2 0.3 0.4 0.5 0.6

X
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Advantages of 120 GeV Main Injector

The (very successful) past:

Fermilab E866/NuSea

B Data in 1996-1997
B 'H, °H, and nuclear targets

B 800 GeV proton beam

B Cross section scales as 1/s
— 7 x that of 800 GeV beam

B Backgrounds, primarily from J/y

decays scale as s
— 7 x Luminosity for same

detector rate as 800 GeV beam
o0 x statistics!!

19 October 2006
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The future:

Fermilab E906
M Data in 2009
B H, °H, and nuclear targets
B 120 GeV proton Beam

Injector
120 GeV

,———————” #




Proton Structure: By What Process Is the Sea Created?

B A proton with 3 valence L2
quarks plus glue cannot be I EESWNUS‘%‘
right at any scale!! LT HERMES
—_ L ——
d(x) = i(x) = (=) e L1
Bd—u 06 L +
— Symmetric sea via pair = A ++
production from gluons s b
subtracts off -] T
— No Gluon contribution at 00 b -;*_._
1st order in oy [ -
— Nonperturbative models 0 = *
are motivated by the I fo::i‘:;;,,. E866 Systematic Error ]
observed difference 0o [ e

0 005 01 0I5 02 025 03 035

X
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Proton Structure: By What Process Is the Sea Created?

B Meson Cloud in the nucleon B Chiral Models
Sullivan process in DIS Interaction between Goldstone
IP) = |Py) + o [N®T) + B|ATT) + . . . Bosons and valence quarks

|u)—|dr) and |d)—|um)

1.2 g
E866/NuSea Peng et al. 5 ° ]3?:94016013 POT
. E |\ AHERMES Meson Cloud ' '
i IA Y L Alberg, Henle B E806
-] and Miller
N ; A NAS5I
Bk Meson Cloud | — 37T —
08 - L O Nikolaev et al Q - d _|_q |:| CTEQ6
N -_‘_.: Meson Cloud i - umT _|_ q — Peng et al.
- 0.0 = [ Meson Cloud
- LS Pobylitsa et al. .Fo adberg, Henley
04 L IPN N Chiral Quark Soli. and Miller
A Dorokhov and V Meson Cloud””
N Kaocheley Perturbative
02 L Instanton
- sea apparently
i e, dilutes mes
0 = —8———cloud effects at
i ’f’g’\ E866 Systematic Error - E tematic E
i zo’zf‘:f’z&“““‘ - y large-x 866 Systematic Error
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1.1

Structure of nucleonic matter: - » NMCDIS
: : ; 105 ) £ E139 DIS
How do sea quark distributions _ (L% e y  hmeskcD
differ in a nucleus? TR L
e C

® EMC: Parton distributions of bound and free s JFJ< ; |

nucleons are different. 3, h\ | s
B Antishadowing not seen in Drell-Yan— O-‘HE r_L y o

Valence only effect 0.85 4 |

Loom T ] o e :

M ] 1 1ls 0.8 ¥

o Huﬁ st = 0 01 02 03 04 05 06 07
g ool |+ i f g B Intermediate-x sea PDF’s absolute
% o 1 113 magnitude set by v-DIS on iron.
R A T — Are nuclear effects the same for the sea
A e el R as for valence?

P S S O }ﬂ h g — Are nuclear effects with the weak

oo | Prﬁ ;;% : 12 Interaction the same as

op | Quank cluster L 113 electromagnetic?

Mo e s w s os|8| ® What can the sea parton distributions tell us

X, about the effects of nuclear binding?
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é%ucture of nucleonic matter:
Where are the nuclear pions?

B The binding of nucleons in a L2
| . ted to b B E772 Drell-Yan b Coester
NUCIEUS IS eXpected 1o be 1.2 I~ @ E906 Drell-Yan (Propésed) Jung and Miller
governed by the exchange of i /== Brown et al.
virtual “Nuclear” mesons. LIS T /T Piepenink and
- orpa (range)
B No antiquark enhancement seen L1 e
in Drell-Yan (Fermilab E772) s L T
data. JQ . | ST
B Contemporary models predict IR 3%
. s
Iqrge_ eff_ects to an_thuark 0.95 <
distributions as x increases.
: 0.9
B Models must explain both DIS-
EMC effect and Drell-Yan 0.85
08 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 005 0.1 0.15 02 025 03 0.35 04 045 0.5

X
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Presenter
Presentation Notes
George Bertsch in Science:  Where are the nuclear pions?  Answers in terms of Gluonic fields



Berger and Coester:  Standard nuclear convolution:  

		F_2^A = \int dy f_N^A(y) F_2^N(x/y) + \int dy f_\pi^A(y) F_2^\pi(x/y) 

	where the F_2’s are the DIS structure functions of the nucleus, nucleon and pion and f_N/\pi^A are the nucleon/pion distribution functions. Other baryons are added as well and all is subject to conservation rules on baryon number and small f’s have total momentum conservation rules



Jung and Miller:  Start with Berger and Coester, but uses different pionic distribution function in nucleus from Ericson and Thomas—points out that Berger and Coester should have used a light cone rather that instant-(time) form nuclear wave function.



Brown et al.: Brown, Rho rescaling—inside a nuclear environment masses of hadron composed of light quarks all decrease with density (at the same rate—see eqn 2.23).  The rescaling is based on a partial restoration of Chiral Symmetry.  This the also effects the coupling strengths.  Based on this, one obtains a modified pion density distribution and follows the convolution model of Berger and Coester.



Dieperink and Korpa: First, range of curves is for various Migdal parameters.  Looks at real and imaginary parts of particle-hole (nucleon-hole?) and \Delta-hole contributions.  Also look at the self-energy of the pion propagator.  The dressed pion propagator included nucleon and \Delta terms.  These affect the pion distribution function (f_pi)

	


Drell-Yan Absolute Cross Sections: X

Measures a convolution of beam and target PDF
B absolute magnitude of high-x valence beam distributions
B absolute magnitude of the sea in the target

— Currently determined by 1~Fe DIS

target

&

%12 EOMRST2001 A(u+d)/(fi+d) T

n 11 E® E906p-p—p MX(P’W

i e DS S S
1 + T

0.9 [ Fermilab E8G6/NuSea \

0.8 " pp—U ll | T
- apd—p'uX

0.7 -+ " 6.5% Norm. Utcertainty
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Drell-Yan Absolute Cross Sections: X,.qe
B Reach high-x through beam proton—Large Xc= large X,.,m-

B High-x distributions poorly understood
— Nuclear corrections are large, even for deuterium
— Lack of proton data

B Proton-Proton—no nuclear corrections—4u(x) + d(x)

1.3 F
_>D.< 1.2 E—I:I MRST2001 A(4u+d)/(4u+d)
%-«_ . - ® E906 pp — L 1X (Proposed) j__/l/-
g1 : -
1}0 9 | Fermilab E866/NuSea
3 Cmpp— X
808 FapdopuX
T 07 E*6.5% Norm. Uncertainty
B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
02 03 04 05 06 07 08 09
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What will these measurement tell us?

B Better knowledge of parton distributions W,
— Input to LHC: Consider 5 TeV Vector Boson

u(z)d(x) — W' with M3, = z1x9s d

X, = X, ~ 0.35 = d-bar/u-bar = 1 or 0?

(e

B Gluon distributions form symmetric sea

B Absolute magnitude of sea quark distributions
— Absolute cross sections

— Nuclear effects in sea quarks relevant
Interpretation of vDIS data

B Absolute magnitude of high-x distributions
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Parton Loses Energy

Partonic Energy LosSsS , :
in Nuclear Medium

B An understanding of partonic energy loss in
both cold and hot nuclear matter is paramount
to elucidating RHIC data.

B Pre-interaction parton moves through cold
nuclear matter and looses energy.

B Apparent (reconstructed) kinematic values (x,
or Xg) Is shifted

B Fit shift in x, relative to deuterium

0) B Models:
— Galvinand Milana Az, = —k 2, A3

— Brodsky and Hoyer Az, = —%A%

— Baler et al. Ar, = ——A3
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1.2
Partonic Energy Loss B
R 1.1 % E866/NuSea -

B E866 data are consistent 69
with NO partonic energy &~ 1
loss for all three models

B Caveat: A correction 0.9
must be made for o
shadowing because of =_1.0

X,;—X, correlations 3‘9

— E866 used an 0 0-9 N . _
empirical correction el o [ o [ | [ [y T |
based on EKS fit do 0.2 03 04 05 06 07 0809 1.0

DIS and Drell-Yan. X

1

B Treatment of parton propagation length and shadowing are critical

— Johnson et al. find 2.2 GeV/fm from the same data with different
shadowing correction

B Better data outside of shadowing region are necessary.
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1.1
ﬁ%rto n En ergy . 0SS - E906 expected uncertainties

1.O5 Shadowing region removed

M Energy loss « 1/s :
1 ° o O
— larger at 120 GeV 095 | m

B Ability to distinguish 0o | N\
between models S - Brodsky and Hoyer

085 | <0.44 GeV/m
B Measurements rather ° ot &
. . 08 b /7@/-9
than upper limits ! asg,,” log
€d 5, "5SSy,
LW10504 [ /77@(38 660
ur,
0.7 &
0.65
0.6 -IIIIIIIIlIIIIlIIIIIllIIIIIlII

0.3 0.4 0.5 0.6 0.7 0.8 0.9

® E906 will have sufficient statistical precision to allow events
within the shadowing region, x, < 0.1, to be removed from the
data sample
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Presenter
Presentation Notes
Brodsky and Hoyer:  Gluon Bremsstrahlung process (A^1/3 / s)



Baier:  Build on Brodsky.  Energy loss depends on characteristic scattering length (A^1/3) and on squared p_T (A^1/3) giving a total A^2/3 / s effect.  Also make predictions for both hot and cold nuclear matter.



Johnson et al.:  2.2 GeV/fm Different treatment of shadowing and parton propagation length


Other Possible Measurements of d-bar—u-bar 7
asymmetry NE p):\/ r
B Semi-Inclusive DIS—HERMES, JLab, JLab 12 GeV Dy
— Tag struck quark through leading hadron
— Must understand fragmentation
— HERMES will reduce statistical uncertainty but wi
have significant systematic uncertainty

— Dominated by systematic uncertainties

H Drell-Yan—JPARC

— Initial phase of JPARC is 30 GeV—sufficient op
(no phase space for events above J/y)

— JPARC Phase II—50 GeV
* great possibilities for polarized Dre
 Berger criteria for nuclear targetg”~

 No partonic energy loss studies—X_.-
» Experimental issues: p; acceptance, -

— Physics Program cannot be reache¥ by 30 GeV machine
(physics program strongly endorsed)
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Fermilab E906/Drell-Yan Collaboration
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Drell-Yan Spectrometer Guiding Principles

B Follow basic design of MEast spectrometer (don’t reinvent the wheel):
— Two magnet spectrometer — Hadron absorber within first magnet

— Beam dump within first Magnet — Muon-ID wall before final elements

B Where possible and practical, reuse elements of the E866 spectrometer.
— Tracking chamber electronics (and electronics from E871)
— Hadron absorber, beam dump, muon ID walls
— Station 2 and 3 tracking chambers

el
— Hodoscope array PMT'’s oA Ome‘
- SM3 Magnet East Sp (Il}Ix?i..‘j_le\||1‘..;1(5_"i|1_§3 .
B New Elements 6 \\]\350“ o

— 1st magnet (different boost) -+ =
Experiment shrinks from Cryogenic

Target System

60m to 26m
— Sta. 1 tracking (rates) . Hadronic
. . _"_‘_,4-- :: A0 IMeLcr
N SCIntI”atOI’ (age) 800 GeV Electromagnetic

Protons SM12 Analyzing

Magnet

SM3 Analyzing Calorimeter
Magnet
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Bend Plane View

E906 Spectrometer:

Bend plane view
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bend plane view

Non

E906 Spectrometer:
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Spect U de Budget P A | Tok Sl s
! 1)

peC rometer pgra e u ge MHTTHING AROUT WRCUMES . | MTER FORCE: THE LEVER,

THE PULLEY, THE INCLIMED

PLEME 2D, UM, THE INTER-

Hei COMBUSTION ENGWNE

and Schedule

B Approximate Cost:
— Magnet coll fabrication: US$1.4M

— US$0.8M for Spectrometer upgrades
B Funding sources
— US DOE-Office of Nuclear Physics US$2.0M
— US NSF US$0.3M
B Two timelines have been proposed to DOE/ONP,
both starting FYO7—schedule is funding driven

— Realistic: Funds over three years, coil purchase in FY08, spectrometer
completion in early FYQ09

— Optimistic: Funds over two years, coil purchase in FY07

B DOE/ONP has asked Argonne to hold a cost/schedule review before
receiving any funds

— Tentatively scheduled for December
— Need Phase Il approval and draft MOU with Fermilab
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Proton Economics

B Total of 5.2 x 10*® protons (over 2 years)

B Maximum instantaneous rate of 2 x 102 proton/sec

— Based on E866 experience with target related rate
dependence—balance systematic and statistical uncertainties

— Station 1 chamber rates.

M Possible delivery scenario:
— 5 sec spill of 1 x 10% protons each minute

— Longer spill (5 sec) desirable over 5-1 sec spills
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Experimental Location

M Originally proposed MEast was ideal
— Superconducting Cryo-Module Test Facility (SMTF) now in MEast
B MWest provides a suitable location (adds additional _l?urden to Fermilab)

.
— Complete Switchyard A==l = [=[=]=1=1- —
120 Bpgrade yTargetS _ S — Station 1 | Station 2 !
— MWest beam line must 110
be rebuilt [ 0/ (——— 0/ o/ ono
— Magnet assembly R | = 2| = S - i
difficult—need 30 t | ' —— — —
crane Focusing LL] [
Magnet SM3 Station 3 || Station 2

B KTeV’s Hall—New possibility being studied

Bottom line:

Experiment has will moved to accommodate Fermilab’s space needs, but
the move from Meson East increased the impact on Fermilab resources
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Request of Fermilab and Impact
Accelerator Division

Provide a slow extracted beam of 120 GeV protons at a rate of no more than
2 x10%?/s for a total of 5.2 x10*8 protons on target in two years

B Assuming MWest location, the Switchyard 120 upgrade (or another solution to

reduce beam losses) must be implemented.
M Spill cycle with 5 sec 1x 1013 protons each minute will provide desired

instantaneous and total luminosity
Provide beam line and instrumentation
B Beam line must be rebuilt
Provide utilities (power and cooling water) for magnets and power supplies
B Minor impact on other operations
Computing Division
Provide PREP electronics, including 1700 channels of multi-hit TDC’s

B Collaboration could take on testing of modules as requested by PREP
B Additional solutions (other sources) are being investigated

DAQ and data logging suggestions are reasonable

19 October 2006 Fermilab E906: Update to Fermilab PAC




Request of Fermilab and Impact
Research Division
Assembly of new M1 magnet

B Requires 30-ton crane to for yoke pieces. This was available in MEast, but not in
MWest. A crane would need to be rented for assembly.

B Modification of existing yoke on top and bottom, modification of existing copper
beam dump

B Additional foundation pits must be excavated for magnets (again these were
available in MEast location).

Installation of SM3 in spectrometer location

B Again requires use of 30-ton crane

Provide liquid hydrogen and deuterium targets and drive mechanism

m [f still available, reuse 866 target system

Additional “minor” requests—see appendix of proposal for complete list
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Drell-Yan at Fermilab b 4 e
B What is the structure of TE o
the nucleon? s b ] crras

—What is d-bar/u-bar? s

W

~ME772 Drell-Yan
—® 13906 Drell-Yan

Miller based on
Berger and
Coester

Jung and Miller
- - - Brown et al.
— Dieperink and
Korpa (range)

—What are the origins of the 075 F
sea quarks? 05 [
—What is the high-x structure 02 ~rseosysomic i\ :
of the proton? I R v v s PR T W NI YR YV
® What is the structure of nucleonic matter? s E
: 212 EO MRST2001 A(du+d)/(dutd)
_Wher(.e are the.nuclear pions? 3 :A. o 506 - - KK X (roposed)
—Is anti-shadowing a valence effect? IRl :
B Do colored partons lose energy in cold £ on EXTRI RS |
nuclear matter? %07 O Nom Unceramy '
® Answers from Fermilab E906/Drell-Yan vn e e e e
— Significant increase in physics reach over previous H E906 Expected Uncertaities
Drell-Yan experiments e |
— DOE/ONP funding of spectrometer likely this year ;120_95 A L SV
E906 needs Phase Il approval 09 dsky and v
085 < 0.44 GeV/fm
for this to happen 08 (303" 05 06 07 08 09
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Additional Material

19 October 2006 Fermilab E906: Update to Fermilab PAC




Drell-Yan Cross Section Ratio and d-bar/u-bar

13 2.25
B i @ E906 18
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12— ® E906/Drell-Yan - B 866
- O + 3.4 10" POT 175 - A NASI
=T - =
1.1 g Ls L MRSr2
K _ CTEQ4m
s 1000006060000 125 | CTEQ6
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Drell-Yan Acceptance

1

B Programmable trigger 09 Logscale o
removes likely Jiy events "¢ soo0n -
B Transverse momentum 0.6 — M(Y) 40000 [~
acceptance to above 2 £ 03 _ 30000 f_
04 |- -
GeV 03 20000 [
B Spectrometer could also 02 EMO/ i
be used for Jhy, ¢’ studies o | 1000
T e N e e e e
. : 22500 =
35000 C =
- 25000 [ 20000 £
30000 |- - 17500 F-
25000 |- 20000 |- 15000 -
20000 |- 15000 - 12500 ;_
15000 |- - 10000 ;_
- 10000 {— 7500 |
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- 5000 [- 000
S000 = h - 2500 i—
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Kulagin and Petti sea vs. valence nuclear effects

1.15 ey - —— 1.15 ey - ——
e FME + 0% ” e FME + 0% ”
—— FMB + 0% + Ng Fe/Nucleon | | —— - FME + 0% + NS Fe/MNucleon
1.1 1.1 - —— FMB + 0%+ NS+ FI
1.05 1.05
Valence, - 7 Sea
1 alence, _ 1 AN
X g
/ e \
0.95 — 0.95 k= -__//,9 _______________ -
- s H“"-._..;—-\‘
,
0.9 0.9 S
y
0.85 N e e - 0.85 N e e
le—0d 0.001 0.01 0.1 le—0d 0.001 0.01 0.1
Bjorken x Bjorken x

Nuclear Physics A 765 (2006) 126187

19 October 2006 Fermilab E906: Update to Fermilab PAC




FTOLON valeriCce strucuure. UINKANOWI as X— 1

= 20 T T T 1 T T 1 T T _]
Theory EF | | | .
+ Exact SU(6): d/fu — 1/2 Lt £NI(ey 0, -
* Diquark S=0 dom.: d/u— 0 5 - ]
+ pQCD: d/iu — 317 2 F E
Data 5 Relative -
« Binding/Fermi Motion effects in »E uncertainty up- -
deuterium—choice of treatments. : quark d|?(t:r+tlnztglger; -
 Profon data is needed. SE ]
* 4 Petratos et al. : e E
o ‘nucl-ex/0010011 ° - 15 —
¢ " " T i E | | | E
A 5 @ I _20 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1
* 4, 0 02 04 06 08 1
. RN B x
F,/F ¢ : -
1 FalFa bl Reality:
2] = Fraskfurt and Swikmea | We don’t even know the u or d quark
| _ distributions—there really Is very
S M little high-Xx proton data

19 October 2006 Fermilab E906: Update to Fermilab PAC



Detector Resolution
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Detector Rates

LH, LD?2 Copper
Target Target Beam Dump
w’s | Trks. s | Trks. w’s | Trks.
7t decay-in-flight 81k | 12k | 195k | 29k | 153k | 13k
7~ decay-in-flight 35 k k| 8k| 20k | 76k | 20k
K™ decay-in-flight | 63k | 13k | 151k | 31k | 139k | 20k
K~ decay-in-flight 6 k 3k | 15k 6k | 18k 8 k
Total pu™ 144k | 25k | 346k | 60k | 292k | 33k
Total p™ 41k | 11k | 99k | 26k | 94k | 28k

Expected single muon rates per 2x10%? protons from decay-in-flight mesons

which pass through the detector (u's) and satisfy trigger matrix tracking
requirements (Trks.) from liquid hydrogen and deuterium targets and the

copper beam dump.
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