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B electron beams: JLab at 12 GeV  4llison Lung

— high luminosity, inclusive — exclusive reactions

Iarge X PDFs Thia Keppel , Paul Souder , Ben Pecjak

—
—> SIDIS & TMDs Peter Bosted , Feng Yuan
—

generalized parton distributions Silvia Niccolai , Simonetta Liuti

B neutrino beams: MINERVA, Project X Heidi Schellman

— high intensity beams
— parity-violating structure functions, nuclear dependence
— quasi-elastic, resonance production

B antiproton beams: PANDA @ FAIR Bjoern Seitz

— hydrogen, nuclear targets (polarized?)
— TMDs (Drell-Yan), time-like form factors



Allison Lung

Jefferson Lab Today

2000 member international user
community engaged in exploring quark-
gluon structure of matter

Superconducting
accelerator provides

A% 100% duty factor
e beams of

o unprecedented
- quality, with
" energies up to 6 GeV§

CEBAF’s innovative design .
allows delivery of beam with unique propertles Ll
to three experimental halls simultaneously “

Each of the three halls offers complementary
experimental capab111tles and allows for large equlpment




Allison Lung

O

Upgrade magnets
and power

J supplies

——12 GeV CEBAF

20 cryomodules

\Add.’i

cryomodules Two 1.1 GV linacs

Enhanced capabilities
in existing Halls U

Lower pass beam energies
still available



Overview of Upgrade Technical Performance

Allison Lung

Requirements

\
"‘#J The GlueX/Hall D Project

Hall D Hall B Hall C Hall A
excellent luminosity energy reach installation
hermeticity 10 x 1034 space
polarized photons hermeticity precision
E ~8.5-9 GeV 11 GeV beamline
108 photons/s target flexibility
good momentum/angle resolution excellent momentum resolution
high multiplicity reconstruction luminosity up to 1038
particle ID




Allison Lung

12 GeV Capabilities

Hall D~ z.oloring origin of )
stuclying exotic mesons

Hall 8- undezrstanding
generalized parton distributions

Hall €= orzcision dzizemination of
properties in nucleons and nucle:

/'/f/// |~ Short ra gz cor rzlations, form factors,
nyoee-nuclzar onysics, future




Highlights of the 12 GeV Science Program

* New and revolutionary access to the structure of
the proton and neutron

= particularly at large x
== PDFs, TMDs, GPDs

* Discovering the quark structure of nuclei

=P polarized EMC effect
=P EMC effect in deuterium, light nuclei

* High precision tests of the Standard Model

=P parity-violating DIS



Thia Keppel

12 GeV Upgrade Provides Substantially

Enhanced Access to the DIS Regime

Access to very large x > 0.4 20

Clean region
No strange sea effects

No explicit hard gluons |5~

to be included -

Need also high luminosity, «

polarized targets, high
momentum and large

acceptance spectrometerse
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Thia Keppel

World data on g,p\

] e 1155
- JPPTELE A=0.008 ( \ 204%) o E143
s -
: e W0O1S(x 1024 SMC )
F 471 s HERMES
! j_*_*-— w0025 ( x S12) « EMC
bty . w0008 (x 256)
- PR Tl
E 'l'o * 1 a=llL0S (x 1258)
- _4-0--%===""" ¥
>¢ o“S°'°”-“‘-- -t-l---- AnlLOX (x84
A PSP ST Mo .. wI2S(x X))
?,.o.--é-a-o--ﬁ'"" f
- _o____o..a.o--to----'--of----,.- =175 x 16)
b—b--o-----°-;o--0-e---o---.Q--__.,_ =025 (x §)
-
E =0l O3S (x4
E (=} Q * o --.____’ _____ s’
L ""O--Q"._,o-__.__ S (x2)
Y TR
\‘¢-
3 “--¢
E ? ~~~~~ _ =I5 (x 1)
-l Alljl -:~. “l
1 10

Some things we know pretty well....




...and some things we don’t.
and spin dependence at large x

d-quarks at large x

Thia Keppel
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Unpolarized Neutron to Proton Ratio

; Spectator tagging

*Nearly free neutron target by
tagging low-momentum proton from
deuteron at backward angles

to CLAS12

detector

*Small p (70-100 MeV/c)

Minimize on-shell extrapolation
(neutron only 7 MeV off-shell)

*Backward angles (6, > 110°)
Minimize final state interactions

Thia Keppel

DIS from A=3 Nuclei

*Mirror symmetry of A=3 nuclei

Extract F,"/F,P from ratio of
3He/3H structure functions

| 31 - 3

—

— 317 3 p

Super ratio

R = ratio of "EMC ratios” for
3He and 3H Calculated to within 1%

*Most systematic and theoretical
uncertainties cancel



Thia Keppel

Unpolarized Neutron to Proton Ratio

BONUS in Hall B 11 GeV with CLAS12

© Q2 = 4-9 GeV2

¢« Q% =9-15 GeV-’

SU(6)
diu=1/2

\.

TrE Ao

Helicity
conservation
dlu=1/5

/"‘02

Scalar diquark
dominance d/iu=0
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Thia Keppel

Rosenbluth Separations up to Q* ~ 12 GeV?-> R = o, /0, F;

04

0.2

Q%= 1.5 GeV?

® Jlab Hall C
& SLAC
v ANMC

Q’ = 8 GeV?

Q Holl Cat L1 GeV (projected)
L SLAC

Gl ."RST .\'.-\'LO + m

% -== SIACDIS FIT

Q% =8 GeV?

— MKRSTNNLO +TM

- X
“DIS” (W2 >4 GeV?) Limit

=== moments of , and F;, — moments of G

0.08
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0.0

0.02

0.003

0.006
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0.002



Thia Keppel

Spin Structure Function

Projections for JLab at 11 GeV
A," at 11 GeV A/ at 11 GeV
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Johannes Bluemlein

Polarized Parton Densities at Present

05 .. 0.15

0.4 — xBu,(x) = NLO ::5: o

0.05

- BB
" GRSV b X
02 :_ ___ AAC 0085

-Onl

01 | o
uncertainties

-0.15

-0.2

025 wal %
10" 0 10" 10~ 07 10"
x x
JB, H. Bottcher (2002) Moment BB, NLO
Au, 0 0.926
Moments of Polarized Parton Densities 1 0.163 £ 0.014
2 0.055 £ 0.006
Ad, 0 —0.341
. _ _ 1 —0.047 £ 0.021
L\(/ilore Lz?,t;cef R)eb.ultb‘.; upcoxim(lig, Cclhfferent 5 0.015 4 0.009
mi rmion- ied.
(Lyna lC ) f © y_p‘fS Studie Au,—Ad, | 0 | 1.267
ow values of m, crucial. ) 0.910 - 0.095
m, 270 MeV at present.
2 0.070 £ 0.011




g1(A) - "Polarized EMC Effect”

1.2

1.0

0.8 L{

Thia Keppel

N/\gu

p =017 fm™

Infinite Nuciear Matter Data:
1. Sick and D. Day, Phys Lett, B, 274 (1982) 18

| i 1 A |

0.4
0.0

0.2 0.4 0.6

0.8

1.0

E1p

modified
NJL model

Cloet et al.

PRL 95, 052302 (2005)

Twice as large as unpolarized EMC effect!



Thia Keppel

g1(A) - "Polarized EMC Effect”

g1,
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> | ' 2 R [
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Expected errors with 11 GeV beam



Paul Souder

PV Asymmetries
Weak Neutral Current (WNC) Interactions at Q? << M,?
Longitudinally Polarized

Electron Scattering off I[;)ol:ii'tigg(ilnzlly
Unpolarized Fixed Targets

o

G ol A/ +Aweak|2
= = G’- G‘ ~A eak GFQZ eg T 4 eag T
A= Apy 04+0, ,T{ ~ Imo 848y tF8/84")
\é\A/é/ \?\V/é/ Clu=-— o + -*lll * (O ) ~—0.19

Cia= % — %\lll (fw ) = 0.35

/g/\g\ /9/\9\ Coy = +25111 (fw ) =—0.04
A

Cog= : — 2sin? (0w ) =~ 0.04.



Paul Souder

in DIS === 4, = fm[a(x)w(y)b(x)]

[\

ZCI:‘ O.f & ZCZiQiﬁ(x)
201 & Y01 ()

B For an isoscalar target like °H, structure functions largely cancel in the ratio:

fi=ffS + 3 d
a(x)= %(zclu - Cld)(l + 2s ) b(X) = E(ZCM Zd)( vt ).g.

u +d T+d

—> At high x, A, becomes independent of x, W

—> Sensitive to new physics at the TeV scale

B Exploratory measurements at 2% precision will be
made at 6 GeV (2009)

Michaels, Reimer Zheng et al.



in DIS === .

-
/

ZCﬁQ,-ﬁ(x)
ZQ,zj:_(x)

Asymmetry Uncertainty (%) vs. x

S 12|
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Paul Souder




A Design for Precision PV DIS #
Physics

High Luminosity on LH, & LD,
Cryotargets
Better than 1% errors

— Itis unlikely that any effects are larger than
5-6%

x-range 0.25-0.75
W? well over 4 GeV?
Q? range a factor of 2 for each x
— (Except x~0.75) Existing solenoids which may fit
) ) Experiment B, T BoreD.m Lengthm MJ Xp; |
Moderate running times BaBar 15 280 346 27 <14
Cleo-ll 15 280 380 25 25 |

 Need BaBar, CDF or CLEOII Solenoid
* state-of-the art fast tracking, particle ID and “parity” counting electronics
* precision polarimetry (-> 0.5% )
* diverse physics topics addressed
Standard Model test, CSV, d/u, nuclear EMC effect, semi-inclusive
physics, detailed studies of spin structure functions...



Paul Souder

Charge Symmetry

Parton-level charge symmetry assumed in deriving 2H A,

Charge Symmetry Violation . e

ou)=u'(x)-d'x) . u,d quark mass difference .y |
6d(x)=d’(x)-u"(x) - electromagnetic effects S ]

* Direct observation of parton-level CSV would be very os | et
exciting! |
* Important implications for high energy collider pdfs - ‘ :
» Could explain significant portion of the NuTeV anomaly ° of 02 &3 &4 05 05 07 ar 09 1

-

MRST PDF global with fit of CSV Analytic calculation
Martin, Roberts, Stirling, Thome [Eur Phys J C35, 325 (04)]: similar to global fit

Q’-‘PIOOUV’

0006

| e L |

\"HL

. [7790% conf |im't\

0008

Broad minimum
(90% C.L.)

fully explains NuTeV -0.002

0 - - —————— - . . [

MRST (2004)
e — M _— o J"""'n 02 0 06 0%
doubles NuTeV deviation —>—" = ° sl W0l ' x :




Paul Souder

For PV-DIS from 2H: R, = OApy (x) =0.28 é‘u(x)— 5d(x)
A,,,,(x) u(x)+ d(x)
Sensitivity will be enhanced if u+d falls off
more rapidly than ou - éd as x — 1

8.00 b e
2: P Legend
L T ——
JAD O,f-: mmmmm
Q%" Effects at high-x are Ay, o T
predicted to be very s
large 2. T
‘ - from Londergan, T
| [—— BAG Model + OED Spitting S
204 | I using MRST fit ——
| | ==== QED Spitting in MRST 4| ,‘ |
T % 02 03 04 05 08 07 08

02 T e T os 0.8 x



Proton target

Deuteron analysis has nuclear
corrections

Aoy for the
proton has no such
corrections

Must simultaneously
constrain higher twist effects

0.8

0.6

0.4

0

Paul Souder

Q= 10 GeV°
5 == QCD fit |
| eeee CTEQ4M
: --- CTEQ4M (modified)
- fitted ronge
1 1 1 1
0 0.2 0.4 0.6 0.8 X

statistical and systematic errors ~ 2%



Complications at large x

Factorization formula for structure function F»:

Fa(x, Q%) = C(Q%, MZ, 1) ® ¢q(k)

Straightforward for generic x: M2 ~ Q?
» Cis calculated as an expansion in as(Q)

» Non-perturbative effects in ¢,

Problematic at large x: M2 <« Q?

» C contains large “threshold” logarithms o7 In*"(Q? / M2)

» Scale in coupling: as(Q) or as(Mx)?

Need factorization and resummation for x — 1

Ben Pecjak




Factorization formula for x — 1

(Sterman '87, Catani and Trentadue 89, SCET ’03-'06)

Fo(x,@%)|, ., = H(Q% 1) J(Mg,p) ® dql)

Each function depends only on one scale:
» His a “hard function” depending on hard scale Q?
» Jis a “jet function” depending on jet scale M2

> ¢4 is the parton distribution function in £ — 1 limit

Scales are separated but
» No choice of 1 eliminates large logs in Q%/M?2

Also need resummation

Ben Pecjak




Ben Pecjak

Comparison between SCET and standard results

5

P a)

>2q €5 X 95 (X, k)

K(ur) =

Mx < 1Ge\(

1} SN _
07 075 08 085 09 095 1
X

» Solid = SCET results in momentum space
» Dashed = Mellin-inverted moment space results
P ,red = NLO, black = NNLO

Numerical differences very small at NLO and NNLO



r ~\ Peter Bosted

SIDIS and TMDs Feng Yuan
(Semi-Inclusive DIS and Transverse
Momentum-Dependent Distribtuions
at 12-GeV Jefferson Lab)

\. J

61

€ "

hadron(P, )

B Flavor decomposition of PDFs

p X'

B Spin Sum Rule implies significant angular
momentum of quarks and gluons in nucleon

—> Quark Orbital Motion

B Should lead to observable differences in TMD of
up and down quarks.



Feng Yuan

TMD Physics

m A way to measure Transversity Distribution,
the last unkown leading twist distribution

Collins 1993
= The Novel Single Spin Asymmetries

m Connections with GPDs, and Quantum Phase
Space Wigner distributions

® Quark Orbital Angular Momentum and
Many others ...



Feng Yuan

TMD Distribution: the definition
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Feng Yuan

Factorization

F(Q?B,Zh,Ph_L, Q2)
= Y &2 / 42k | d2p, d27,

g=u.d,s,...

Soft Factor

X q (IBB, k_L1 ”‘21 xBC, p)qh (zha Pl, l-l'za é:/zha p)S(E’_La /127 p)
X H(QQ,HQ,P) (52(2],‘];] +ﬁl +é.l - P.hl)



Peter Bosted

kr-dependent SIDIS

Final transverse momentum of the
detected pion P, arises from
convolution of the struck quark
transverse momentum k, with the
transverse momentum generated during
the fragmentation p,.

Pi=Pi-zk +
O(k;*/Q°)

Linked to framework of Transverse Momentum Dependent Parton Distributions

Y*.L‘L’i'b?“'f'zla_ @y m TM D n (x ’ kT)
Z 63 Q(.I.' ) D q—M (Z) b I__ ) 1

e.g. T-odd Sivers function, Collins effect, etc.



Peter Bosted

WHAT IS NEEDED

Much more data in many bins in
z, Q% x, P, €, and azimuthal angle

Need study of diffractive p contribution,
dependence on missing mass M, ...

Some already taken with Jlab CLAS 6 GeV

Much more posible with 12 GeV upgrade,
espeically with CLAS 12 (Halll B).



Peter Bosted

WHAT IS PLANNED

Accurate neutron/proton ratios for SIDIS
pion and kaons with CLAS in many bins

Extentise data with longitudinally and

transversly polarized protons and deuterons
uwing CLAS6 and CLAS12 (maybe HD)

Accurate '/ (and K'/K") ratios for proton
and deuteron using spectrometers Hall C

e-depdendence usingsspectrometers Hall C -
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Silvia Niccolai
Simonetta Liuti

New, comprehensive view of hadronic structure

Elastic Scattering DIS GPDs
transverse quark longitudinal The fully-correlated
distribution in quark distribution Quark distribution in
Coordinate space in momentum space both coordinate and

momentum space




Silvia Niccolai

GPDs: where we stand, where we are going

* Pioneering dedicated experiments on DVCS (Hall A, CLAS), show evidence for handbag
(twist-2) dominance (asymmetry ~sin¢) and unexpected scaling at Q*~2 GeV? (Hall A)

* GPD models fail to reproduce consistently the DVCS cross section and asymmetry data
* DVMP experiments at CLAS (p, w, ) and Hall A (z°) hint that either scaling cannot be
reached for Q? as low as for DVCS or something is missing in GPDs parameterizations

« Hall A’s first attempt to measure nDVCS showed the importance of this channel for Ji’s
sum rule and the extraction of J |

Jy 1 HERMES
o8 gvclzls {proton)
- . reliminary
n-DVCS: access to ]i%, the least il)l\.laé)sl-:all A ) bt
known and constrained GPD 0.8 Preliminary

il neuton por « wat e
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Goeke et al., Prog. Part. Nucl Phys. 47 (2001, 401.
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More data needed on DVCS and DVMP: Silvia Niccolas
» High Q? to verify scaling for DVCS on a wider Q? range, and to approach GPD
validity regime for DVMP
» Wide x, coverage

» High accuracy on measured observables to test models (high luminosity required)
» Measurements of spin-asymmetries AND cross sections

\ JLab @ 12 GeV will be the optimal facility for these goals
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Simonetta Liuti

What goes into a theoretically motivated parametrization...?

- \
The name of the game: Devise a form combining essential

dynamical elements with a flexible model that allows for a

fully quantitative analysis constrained by the data
" /

“Regge” Quark-Diquark

Q2 Evolution is an essential element!!



Allison Lung

DOE Generic Project Timeline

0

X W h

‘e,fe e are nere

6(/,
$ Transition/Closeout
Phase

Initiation Phase >Doﬂnltlon Phat Execution »
Operating fundy/ x perat PED PED funds Project funds

Program funds

Perfofmance Measurement
Earned Vjalue (for projects over $20M)

4
WM.  J—

H I H
| CD-0 cD-1 co-2 1 Yeap, . Ccp-4
Critical Approve Approve Approve Approve Start Approve
Decisions  Mission Alternative Performance of Construction Start of Operations
Need Selection and Baseline or Project Closeout

Cost Range w




12 GeV Upgrade: Phases and Schedule

O 2004-2005  Conceptual Design (CDR) - finished

0 2004-2008 Research and Development (R&D) - ongoing
O 2006 Advanced Conceptual Design (ACD) - finished
O 2006-2009 Project Engineering & Design (PED) - ongoing

12009-2013 Construction — starts in ~ 6-9 months!

Q) Parasitic machine shutdown — May 2011 through Oct 2011 (6 months)
Q Accelerator shutdown start mid-May 2012
U Accelerator commissioning mid-May 2013

12013-2015 Pre-Ops (beam commissioning)
QO Hall A commissioning start ~October 2013
U Hall D commissioning start ~April 2014
U Halls B and C commissioning start ~October 2014




Allison Lung

ELIC Conceptual Design

Snake

Green-field design of
ion complex directly
aimed at full
exploitation of science
program.

= Simultaneous operation of collider and CEBAF fixed target program



The MINERVA Experiment

Heidi Schellman for the MINERVA

collaboration




Heidi Schellman

The NuMIl Beam Configurations.

Absorber Muon Monitors

L - _. " . N

~ i - .,
120 GeV - cobHk=~HHp==*
protons \ . o HHE-C -

>
From

Main Injector

Hadron Monitor e 2m 18m 300m
5 For MINOS, the majority of the running will be in
| the “low-energy” (LE) configuration.
T [ re=a] Post-MINOS: NOvA would use the ME beam,

= A T

— MINERVA would prefer LE (= one year) and ME
=) beam

Targat vt [:-




Heidi Schellman

&
“MINERVA” in the NUMI beamline




n Heidi Schellman

MINERVA Physics Goals

Axial form factor of the nucleon
Accurately measured over a wide Q2 range.

Resonance production in both NC & CC neutrino
interactions

Study of “duality” with neutrinos
Coherent pion production
Strange particle production
Parton distribution functions (DIS) at high x
Generalized parton distributions

Nuclear dependence of all of these

Expect some significant differences for v-A vs e/p-A nuclear
effects
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MINERVA measurements

Main CC Physics Topics (Statistics in active target only - CH)

Quasi-elastic 0.8 M events
Resonance Production 1.7 M total
Transition: Resonance to DIS 2.1 M events
DIS, Structure Funcs. and high-x PDFs 4.3 M DIS
events

&ohrllgrent Pion Production 89KCC/44

Strange and Charm Particle Production > 240 K fully
reconstructed events

Generalized Parton Distributions ~10 K
events

All absolute cross section
results will be limited by the flux normalization (~5%)



Precision

Quasi
Elastic

4/7/2008
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a
A-dependence in v scattering

A dependence L2 e eMme

observed in e/u DIS 1 SNMC F
1 E139

Could be differentfor =, | *E665

‘ermi motion
o Kf\
: - 1: — i§ i |
neutrinos g / o N *} /
Presence of axial-vector = (g : $ + \ 3
current. | \U\E / “
0.8 — /

Different nuclear effects /

for valence and sea 0 | suncooing / _ EMCeffect |
= leads to different 0.001 /q(.OI x 0.1 1

shadowing for xF, e valence quark

compared to F,. If we understand at 10-20 GeV

Will that help at 100 GeV?
Comparing with JLAB will help.
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Side HCAL (OD)
) A

Large x pdfs from
v - p Scattering
(He designed for H,D)

F,?=2x (d+Uu+S) | Athighx |F,® d (Harris)
} = — R
F,p=2x (d+u+s) | F,P 0w
Add 1...
xF;¥P=2x (d - u + s) F,vP - xF,P = 4xu

g

xF,=2x (-d + u - 5) F,"P + xF,;'P = 4xu

Unprecedented valence / sea separation
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MINERVA schedule

MINERVA received DOE critical decision (CD) 3a approval
Spring 07
Authorization for advanced purchases

Beginning purchases for PMT’s, WLS fiber, Clear fiber, PMT
box components, steel and lead

Approved for full construction authorization (CD 3b) Fall 07

Included in FY08 Presidential Budget for Department of
Energy

Construction is beginning
—  Detector installation and commissioning in 2009

We’ll bring results to DIS 2010
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Project X

Replace the 35 year old

LINAC/Booster complex with an _—

8GeV SC LINAC NOVA initially,
DUSEL later?

8 GeV slow spill 120 GeV fast extraction

200 kW 2.3 MW

2.2E14 protons/1.4 sec 1.7E14 protons/1.4 sec

-+
Flavor and low
energy neutrino
program

Recycler
3 linac pulseffill

Main Injector

1.4 sec cycle

= 04GeV 0.4-8GeV
Front End ILC style linac

Stripping Foil

ILC Style 8 GeV H- Linac: Single turn transfer
9mA X1 msec x5 Hz @ 8 GeV



Beam Power (kW)
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The future: Beam power vs Energy
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m SNuMl = NuMI (NOvA)

NuMI (MINOS)

what we have now

NuMI(NOVA)

near term
upgrades

SNuMI
big upgrades

Project X

replace the whole
injection system
with an 8 GeV
Linac
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MINERVA with Hydrogen and Deuterium

MINERVA |
Nucleon structure - PDF’s, especially high-x Expected CC event samples:
behavior, can be cleanly studied with v/ v H. 9.0 M v events in 3 tons of CH

0.6 M v events in He

FIP = 2z (d + @ + 5)
: At high x gzd

Fy? =2z (u+d+3) - B? u MINERVA X
Project X Event rates:

Assume 32.0x102° protons in
ME beam (2 years, 4 years?)

0.6 MveventsinH
1.2M V events in D

Combine with other MINERVA measurements
(vHe, vC, vFe, vPDb) to determine neutrino
induced nuclear effects.



Conventional neutrino experiments

Heidi Schellman

Fiducial |Energy POT, Technology | Status |Goal
mass X
DONuT 03T 20-300 GeV| 0.03|Emulsion complete| ¢ neutrino
NuTeV 680 T 20-300 GeV| 0.03|lron/Scint complete|gw, DIS, charm
MiniBooNE (440 T 0.3-2 GeV 10|Mineral QOil running |g, anomaly
SciBooNE (10T 0.3-2 GeV 2|Scintillator running |g QE, Coh
MINOS near (100 T 1-20 GeV 25 lron/Scint. running |g QE, Coh, DIS
Minerva ST 1-20 GeV 15|Scintillator 2010 |g QE, Coh, excl.,
A dep., DIS
MicroBoone |50 T 0.3-2 GeV 6|Liquid Argon |Proposal|g, QE, Coh, lowE
excess
HiResMNu |7.4T 1-20 GeV 120 magnetic LOI |gw, o excl.
tracker
NuSonG 3000 T 20-300 Ge\q 2|Glass EOI |gw, DIS, A dep.
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MRST

Drell-Yan scah‘erlng
FNAL E906 10

xtarget Xpeam
d*o 4ra’ 1 > s — ' E
dr1dze 07179 5 Z e” [t (xe)qn(xp) ¥ q(Te)gn ()] oo X\U
xtarget & X
g» \é\\(bq’Q M(Y
ES06 Detector acceptance chooses xm,.gef AR

and Xbeam-
* Fixed target high Xg = Xyeqm = Xiqrget
» Valence Beam quarks at high-x.
* Sea Target quarks at low/intermediate-x..

o B M)
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Extracting d/u from Drell-Yan Scattering

Ratio of p,d Drell-Yan cross sections 2.25

o 1 [1 . da )\

20PP 2 ()

Ty >Tt

~

1.75

1.5
(Approximation in Leading Order. Data

analysis and parton distribution fits | 55

confirmed in NLO) 2

+  Global NLO PDF fits which include’ |
E866 cross section ratios agree with

E866 results 0.75

 Fermilab E906/Drell-Yan will
extend these measurements and
reduce statistical uncertainty. 0.5

» E906 expects systematic
uncertainty to remain at approx. 1% 0
in cross section ratio.

0.5

@ 1906 .
/ 5000 por

B 366

A NASI
~ MRSr2
CTEQ4m
CTEQG6

/

1866 Systematic Error
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PANDA @ FAIR

Antiproton Annihilation at Darmstadt
@ Facility for Antiproton and lon Research

= High intensity are
Isotope beam

x up 45 GeV/u heavy
ion beams for QCD
studies

= 15 GeV/c cooled and
stored antiproton
beam

= \ersatile facility serving
a multitude of user
communities in parallel
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B Dipole magnet

® Quadrupole magnet

# Sextupole magnet
Solenoid
spacer for skew quad
spacer for snake solenoid
njecton equipment

High Energy
Storage Ring

®x antiproton momentum
1.5GeV/c<p <15 GeV/c

&
W “‘\‘\‘

(from SIS18)

/

KN
)
&
&
>

=

-
=

T [ |

» Stochastic and electron
cooling: Ap/p < 10°

» |_uminosity > 10%'cm=s1

"
:
: /:\
y
="
NP4

» Hydrogen pellet or jet
target, polarised Hydrogen

under study direction of \ -
antiprotons |

= \ariety of nuclear targets




Pellet Target

Beam direction
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Physics at PANDA

' Precision

Charmonium
Spectroscopy

© NewFommsof

Hadronic matter
(hybrids, Glueballs)
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Time-like Formfactors

= All existing data measure
absolute cross section
Ge = Gwm

= PANDA will provide L
independent measurements | T TE s ees sttt oo
Of GE and GM 0 . V¥ BABAR datao PRELUMINARY (2005)

O E835(1) dota Ambrogioni et al. (1999)

® E835(1) data Andreotti et al. (2002)

x widest kinematic range in a
single experiment

0O Bossompierre et ol. (1977)

A Delcourt et ol (1979)

® [ime-like form factors are
COmpleX = * Bordin et ol. (1994)

¢ Antonelli et al. (1994)

0 Bisello et ol, (1983,19920)

® precision experiments will
reveal these structures




Measurement of Sivers
Function

» Single polarised
transverse target
provides measurement of
Sivers function

,\".!‘!‘f‘h' 0g)q /My,

® Sign provides crucial test
for QCD and factorisation

= Model predictions based
on HERMES data look

promising

(fit)oy = —(fiT)ois

Bjoern Seitz

Efremov et al PLB 612 (2005)233



Polarised Physics at PANDA

- Transversely polarised
protons increase PANDA

physics potential
» SSA in Drell Yan

» Phase difference
between Ge and Gum

- Polarised target inside
solenoid very difficult

- Exploit modular upstream
design for polarised target
with storage cell




In short ...

B Jefferson Lab at 12 GeV

—> unique access to large-x region
— PDFs (d/u, Ad), TMDs , GPDs (Jy, J4), EMC effect

—> CD-3 (start of construction) expected Sep. 2008

B MINERVA, Project X at Fermilab
—> PDFs at high x, neutrino-nucleus cross sections, neutrino GPDs

— construction beginning, detector installation 2009

B PANDA at FAIR

—> time-like form factors, TMDs in Drell-Yan

—> experiments from 2014



Thank you
to speakers,
organisers!




