Future Initiatives in QCD

(with emphasis on DIS related physics and initiatives)

1. Introduction
2. New Facilities

3. Selected Physics at the New Facilities

- Some Comments on QCD@LHC

Unpolarized Parton Distributions of the Proton

- High Energy Domain of QCD (DIS)

- Spatial Mapping of Quarks and Gluons in the Nucleon
- Spatial Mapping of Nuclei

- Spin Mapping of Quarks and Gluons in the Nucleon

4. Outlook and Summary
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Introduction

QCD: From a “simple” Lagrangian

LQCD :‘%(iyﬂaﬂ _m)l//j - nglzyﬂTijaWj _%szG:V
a a a abc~bprc
G, =0,G, -0,G,—-gf™G,G,

follow incredibly rich and complex phenomena

We all believe in QCD! Why future initiatives? What are the questions?

So far the main emphasis: testing QCD
- understanding + detailed exploring of new domains of QCD

+ precision input (structure of hadrons and nuclei, hadronization, ag, bound-
state effects, h-h-scattering) is required for New Physics at LHC, in rare
decays, for g-2, etc.

Scattering expts. in particular DIS an essential main tool of particle physics
- Rutherford (1911) > SLAC (1967) > HERA (T 2007) = future initiatives
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. Future Facilities: E(L)IC @ JLAB A

High luminosity for ep and eA over a wide energy range

Upgradeable to prebooster lon
p 2> 250 GeV Sources
e > 20 GeV
‘ S8RF Linac
medium E IPs
3 rings: 3
p> 20 6eV |
Low=to- p 2 100 GeV
medium e >3-11 GeV-
colllder ring
low E TP Prebooster 1on
Warm large booster lon transf source
(up to 20 GeVi/c) on transter .
SRF linac
W Cold 97 GeV/c
12GeV CEBAF , _ _ proton collider
Three Figure-8 / Medium energy IPwith  gjeciron ring ring
rings stacked horizontal crab crossing
vertically Iniector
12 GeV CEBAF
Y.Zhang
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. Future Facilities: e(RH)IC @ BNL
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ER-Linac /
3rd de‘rec’ror'
o.3-oia$5éma”6 gxl ~ q

hfil
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ER-Linac

27.55 GeV
0.6 GeV
22.65 GeV )
- .
17.75 GeV * Polarized
e-gun
12.85 GeV
7.95 GeV
3.05 GeV
eRHIC staging:

all energies scale proportionally by

adding SRF cavities to the injector

and two linacs and cranking power
supplies up
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= Design Goals EICs (and more) NV

EroBgerita
o Em- kellaghen SCALE
rundlagentarmching

- Staged designs, with impressive physics program already for phase I
- Physics requirements - similar design goals for both projects

Item MEIC @ JLAB eRHIC @BNL

electrons 3@6\/: 80% pol. 5eV: 80% pol.
protons 2(250) GeV; ~70% pol. 50 (325) GeV: ~70% pol.

nuclei p.d,3He > A~200; 12-406GeV/u p.d,3He > U:; 12-406GeV/u
currents (I.=3A, I,=0.5A D
luminosity 5.6 (14.2) x1033 for ep @ 5x60 14.6 x 103 for ep @ 20x325
interaction regions 3 3

distance bunches

- Convergence in specifications (difference in energies)

- Both design represent major challenges for accelerator and detectors
- planning and R&D is underway/has started
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= E(RH)IC: Construction Timeline N
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S. Vigdor, BNL Associate Director ﬁ
A Long Term (Evolving) Strategic View for RHIC
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stoch. cooling of ion beams

I

realization by
adding e beam

to RHIC
Further luminosity _[,_,‘%
upgrades (pp, low-E) T,
LHC HI starts | ﬁ el T,
L d _?;_" — L8
egend. F ertane masd—, |
-------- R&D loearn | . ) Sogsecmn E
—— Construction §-uiator Sl = F g fom s ol
_——— — Muitiple small projects [ e =3 Eu baél:I:EGe‘..rln j
) I
CD0: DOE Critical Decision, mission nead b A . ' . E
e e e 3 'im..m'-ﬁ.a

*New PHENIX and STAR Decadal Plans provide options fr::r this period.

Dedicated storage ring for novel charged-particle EDM measurements another optiongs s Vied
. Vigdor
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—é' PHYSICS

i. EIC: Detector Concepts St
i s

<€ e Beam

EIC @ JLAB EIC @ BNL

4T Solenoid

Solenoid yoke + Muon Detector

Solenoid yoke + Hadronic Calorimeter

5 - §
ol © )
£l 8 £
Tracking 8 g
ve
£
) 5 m solenoid g * 5 m solenoid >
- Convergence (also) of detector concepts
- In addition:

- p/A-downstreams: dipole(s), 0° neutron CAL, Roman pots, tagging counters
- e-downstreams: e-taggers (to tag photoproduction)
- Simulations and optimizations started + Call for detector R&D proposals
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L2 Future Facilities: LHeC N~
AT e VENE
3 Options: 100 MW power limit > 60 GeV (e) x 7 TeV (p) [+ eA]

- Ring-Ring: L = 2x1033cm-2s-1 (100xHERA) > L., = O(100) fbL, Pol.(e) = 40%

- Pulsed Linac-Ring: L = 1x1032cm-?s!, Pol.(e) = 90%

- Energy Recov. Linac-Ring: (p* = 0.1m) = L = 1x1033cm2st, Pol.(e) = 90%

o Bypass Point 5:
example fOl": Lt ; - adjustment of the

. = oy ¢ 1 T circumference b
60 GeV e-ring w33 Mg L=y I v:eringese:ariﬁZn
, : A - =+ A-=2056
with 10 GeV e- ' "
linac injector

Decision L vs. R N A TN H.
after completion NG\ I . N s
of desigh work | gcpans: — S M=

+ uses the Survey ———
Gallery

+ A=16.25 Meter | M. Fitterer

|
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LHeC Detector Concepts 3

ngantarashung

Low x optimised (e-linac): tracking > > 1° + low material + high precision
+ forward p: p, n, d,... -tagging + backward e: y-tagging

low-p quads

igh Lumi-Q? optimised (e-linac): low-p quads - tracking - > 10° P oStk
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L 2 LHeC Timeline 2
s s
CDR organisation: Aim for spring 2011
- Scientific Advisory Committee: Chair A.Caldwell MPI-Munich)
- Steering Committee: Chair M Klein (Liverpool)
- 5 Working Groups + CERN has appointed referees
LHeC_DRAFT_Timeline
Based on LHC constraints, ep/A programme, series production, civil engineering etc
Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
M Klein
ECFA 26.Nov.10
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=
i More Facilities + Upgrades

FAIR@GSI

- hadron structure and spectroscopy in PP
intferactions

- hadrons and quarks in compressed
nuclear matter

- ENC (not part of the modularised
start-up version - after ~2019):

- 3.3 GeV e(1) x 15 GeV in p(1) PANDA
- L(ep) ~ 1033cm-2s-!
- L(ed) ~ 1.8 x 1033cm-2s-1

Upgrade of RHIC detectors
AnDY @ RHIC (?)
COMPASS-II @ CERN

Upgrade LHC + LHC detectors
MINERvVA @ FNAL, OLYMPUS

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

FAIR
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existing Halls -,
7
- 4 upgrade magnels
\ = and power supplies

"~ 5 new cryomodules
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i. Summary: Facilities for QCD >

After completion of the "old fixed target” program with e, p and v,
of Hermes and of the first ep-collider HERA, presence + near future:
- QCD high energy frontier: LHC and RHIC
- QCD high intensity frontier: JLAB 6 > 12
- QCD polarisation frontier: JLAB, COMPASS, RHIC
- hew QCD regimes: RHIC and LHC
Ideas and plans for new facilities, to
- extend the high energy frontier: LHeC

- bridge the gap between fixed target and HERA energies with high
intensities and polarisation: EIC

- new QCD regimes (using protons and nuclei): LHeC, EIC, FAIR
We should not forget:

- hadron spectroscopy: FAIR, LHC, ete, JLAB

- phenomenology, higher order calculations and QCD on the lattice !
(strong theoretical support is absolutely essential)
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o Selected Physics at the New Facilities N
(Sl s
Selected Physics at the New Facilities
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PHYSICS

=, o
i Some Comments on QCD @ Hadron Colliders

raBgerita
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Results presented are most impressive: Confirm SM in a new E-regime

exper‘lmen'l'er‘s Gnd Th@Of‘lSTS | lumi, uncertainty: +4%! !
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. . oxd( H A2 0077 gyp £ 0077 theo
NNLO calculations are essential e N/ 0960012y 00821ec
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. . . .. WiZ e IT VA Y eyp = VY Y theo
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Big progress - role of HERA !

- further improvements HERA (final
analyses + jets + heavy flavours

- improvements PDFs needed for
x > 0.1and for x < 10-4

- high x (high mass at LHC):
JLAB, LHC and LHeC

- low x (gluon saturation in p): LHeC

HERARPDF1l.0 settings, QE-L'B Gev’ Experimental Uncert.
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Unpolarised longitudinal parton distr.
- gluons dominate for x < 0.1

Momentum Fraction Times Parton Density

llaghen
rhang

gluons -

2 5 Gluons dominate the soft constituents of kadro
" L But density must saturata. ..

0.0001 0.001 0.01 0.1 1.0
Fraction of Overall Proton Momentum Carried by Parton

Gluons dominate the proton wavefunction
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Gluon Density in the High-E Limit

Y=In1kx

PHYSICS

TERA
SCALE
Helmheltz KllEnce

When do saturation effects appear ?
- a new regime of pQCD (Q?)

recombination ?

In@%(v)= A Y

/ Dilute system

W BFEL

DGLAP

3 -
In hnr‘ﬁ In D E

Hints from HERA, RHIC and LHC - interpretation model dependent
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®:  Gluon Density in the High-E Limit =

TERA
i:‘::?n':? Iieiisghen SCALE
rundingantrechung Helwheltz Rlliance

For x < 0.1 observe scaling in T Expectation sat. scale: Q: ~Q:-[A/x]"

- described e.g. by

Colour Glass Condensate
(saturation not necessarily needed) 10 =

w |

FRLIS BPT 4T
Color Glass Condensate

EEUS BIMC ¥8

HI low 7 25

1 I FRLISHTT high Qr'MJE 2 ] AZ
I oS T % QcD
s DK N

||I].Q1

Confinement Regime

TTrr 1 1 T Trr 1 1 T i_r'_rl T T
an? = i \ " e - A )

Exploration in ep and eA at LHeC: for ep (60-7000)GeV?: x ~ 2:107 @ 1 GeV?
and in eA at EIC (high E,, a big bonus !)

Proof of saturation > another big step in unraveling the richness of QCD

UH
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i’ Precision measurement of F_

hfil allaghen
m rhang

F_ ~ og5-gluon density > essential to confirm saturation effects (F,c???)
- requires F, measurements at widely spaced E,,

o (pb)

LHeC [Forshaw, Klein, PN, Soyez]
g f Q?=2Gev E Q° = 5 GeV*
. n.aE— +« Forshaw & Shaw, FS04-sat
_?_‘, ﬂ.?z— = Forshaw & Shaw, CGC z—
—1 96F -~ Soyez, HF-improved CGE
LL u.sz— ;_
-:1.4;— =,
0.3 B vda
u.zé—!*“iaig + g— $‘$3*ﬂ +
a:§_ Q' =135GeV _ Q" = 30 GeV’
n.ﬁi— E— 4
“E 4 = 314
0.4 é_ ni‘;&é é_ [54;%*
n.?i & + z i$
10-6 in” 10_4 197" 10_2 10_4 1o 10_2 1ox
LeHC with E,=7TeV:Lint=1fb-!
E =60 GeV 4 0.8 - ~ 0/
2 0.2 aFL 5 (-]
1 0.05
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EIC

= F2(X,Q2) - y¥/Y+ -FL(X,Q?)
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- first studies on F started for EIC
(difficult measurement due to low E,)

Robert Klanner - Univ. of Hamburg - DIS 2011. March 15-th 2011
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i. Map of Spatial Structure of Nucleon N
s e

Exclusive reactions at Q2> 1 GeV2: y*p > yp (DVCS): v*p = p°p: v*p = T/w(o)p, ...
Transverse imaging by mom. transfer t of proton - Fourier transform
(requires the measurement of the recoils - for collider for small t: a few mm from beam)
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—é. PHYSICS

: Map of Gluons and Quarks inside of Nucleon

L]
."Ilh Ikellagh
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Quarks . | T~ Gluons

GPD fit to the DVCS data from HERA,
Kumerick-D_Mueller, 09,10

GPD fit to the DVCS data from HERA,
Kumerick-Mueller, 09,10

5=10000 GeV>, L=10"*cm™ s, 4 weeks

T T 1 = g +q singlet quarks
L Yoyes ]
) 8< Q<15 GeV? | .
T o i _ GPD-fit gluons
w 4L gy, H—""""": b-slope y | L
% iwozﬂo GeV? b b-SIOPe J/q’ X
T ] trans. size? ~ 1/B >
3 statistical errors only!: / WidTh qUClr'k C“STI". >
104 103 x 10-2 10! e width gluon distr.
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Similar for Nucleus:

£ T/
](d .A'i’v /1;"

L
i

Map of Gluons and Quarks inside

of

Nucleus

however:

- rejection 10-5 of
incoherent scat-
tering

- excellent t-reso-
lution required

Excited nucleus
Evaporation
e

e o - study started * Fison s Spslaon e
\f:'f"z'/ T Ullrich
. DIS 2011
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@ NTE
L2 Spin of the Nucleon N
R i

Nucleon Spin: 3AX +AG + | = 5 [quarks + gluons + orbital angular momentum]
AX=u+d+s+u+d+s; Aq=q-q
World data: A~ ~ 0.3 and

AG/G(LO) ~ 0 for 0.05 < x < 03 AG from global fits (DSSM)
o)) 1: B CoMPASS. high i, %1 (Bevicy, 0248 ASLATLELULELL BN RN LALL N i ".'_” 0.3
o C
o)) 08 @  cowpass mghp, 't oevics, 24
<] ﬂ.E:— e COMPASS, Open Cham, 40 &, 1207 0
04 E [0 =Mc.highp 1 (Gevic] LsS10 0.2
\ E A HERMES, highp,, all & Q2=3
021 _é i DSSV 0.1
0 ——— :_—_;E b
0.2 r ] 0
oy - S
; s by Jm
0.6 - — — GREV max Agd 1+
285 preliminary Cees GREEVmn Ag) 1 g2
-1:| I | | I I |||| I I 1 Ll L LLLl -El |||I|||| -I 1 1 111l
."]-2 .H]-‘l x 1'] 1{} ¥

g
Full flavour separation from semi-inclusive DIS-data (HERMES, COMPASS)
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Situation highly unsatisfactory - desperate need of new data
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Spin structure functionsﬂf T‘?-.‘*S?n to global QCD fits for extraction of
Aqg(x) and AG(x) using evolution equations.

However x and Q2 coverage not yet sufficient
Use constraint from pp data (DSSV)
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i.’ EIC and the Spin of the Nucleon o5
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EIC - Simulation has started

Aims: access to lower x + similar precision of polarised SFs as HERA non-pol.

study: Lumi + det. performance required using pseudo-data in global QCD-fits
AP - EIC 5x250 GeV - 20fb™
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In addition many tools for reliable flavour separation >
from semi-inclusive DIS ... to ... charged current DIS
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Spin of the Nucleon: Many more SFs

Nucleon Transwv.
Spin and quark k;

N, At
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Nucleon Transv.
Spin and quark

Transv. Spin

Off diagonal: Transverse Momentum (k;) Dependent

» TMDs express correlations between spin, momentum,...
« Experimentally: azimuthal modulations of outgoing
hadron in SIDIS cross section Ip 2 Ip h
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Summary: Mapping of Spin and Partons

A rich, complex and fascinating program - in spite of long-term
effort: We are just at the beginning !

Program requires high luminosity and fancy, high quality detectors

Promising results available from JLAB, HERMES, COMPASS, RHIC
and H1/ZEUS

JLAB12, COMPASS-II and RHIC will make the necessary next big
step

but lots of work will remain for an EIC with high luminosity +
high energies + high polarization, and detectors with excellent
particle identification and large acceptance (also for + > 0).

- Is the present engagement of experimentalists sufficient to
make EIC a reality ???
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Outlook and Summary

DIS 2011 has been a most exiting and stimulating workshop
- Attendance 360; O(1) talk/attendant; many young scientists
- Many new expt. results: HERA, RHIC, COMPASS, JLAB, LHC
- Hard and successful work by the theoretical community
- Strong exchanges and interactions between communities
The progress achieved convincingly demonstrates

- New facilities are required to achieve a fuller understanding of the
complexity of QCD. DIS is essential for future progress in hep

- Given the time scales (+other boundary conditions) a big step in
planning the future has to happen NOW

- Planning = Lots of work on
- sharpening the physics case (impressive work by theor.colleagues)
- demonstrating the feasibility of the measurements
- design + R&D of machines and experiments

Let's profit from the DIS 2011 enthusiasm
to strengthen these efforts

SRS UntiuisiEIE Hamuirg Robert Klanner - Univ. of Hamburg - DIS 2011. March 15-th 2011 31/31



