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WHAT 1S eRHIC

Electron accelerator - 5 ':'Iiza
xisting
to be build 01 Polarized protons
50-250 GeV

)
Unpolarized and @)

polarized leptons ® | { Light ions (d.Si,Cu)
5-20 (30) GeV T - - Heavy ions (Au,V)

. 50-100 GeV/u
)

70% e beam polarization goal t Polarized light ions
polarized positrons? He3 166 GeV/u

Center mass energy range: /s=30-200 GeV: L~100-1000xHera
longitudinal and transverse polarization for p/He? possible

protons
electrons — = —> = —> — —>
e = = —> —> — —> - T T - o
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ELECTRON BEAM EVOLUTION IN eRHIC S ERL

S
>3]
%%,
e)
Staging: :
All lepton beam
energies scale
proportionally by adding
SRF cavities to the
injector
E,=5, 10, 20, 30 GeV

Brookhaven Science Associates

0.1017 GeV E,

0.2650 GeV E,

( <5d0.1833 GeV Eo

(5503467 6ev E,

(S5 0.5100 Gev E,

(S8 H0.6733 6ev E,

(5508367 6ev E,
%

(Nahe|! 0000 Gev E,

0.4283 GeV E,
0.5917 GeV E,

0.7550 GeV E,

0.9183 GeV E,

\ All magnets would be installed from the day
v»  one and we would be cranking power supplies

100 m% as energy is increasing
<>
eRHIC-Det-II

30 GeV

——_—

Animation is by N. Tsoupa
Compass-Collabdration, July 2013, Erlangen
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eRHIC R&D HIGHLIGHTS AND LUMINOSITY

Challenge Increase/reduction beyond
the state of the art
Polarized electron gun 10 x
E. (GeV) L (em2 sec?)
Coherent Electron Cooling Ney 300 ‘ ‘ ; ‘ ; ]
: . >3-10%
Multi-pass SRF ERL 5 x incre
30 x incr( | | 31034
Crab crossing New for h D 51034
Understanding beam-beam effects New typ 20 2.1034
p*=5 cm i1 P 1.510%
Multi-pass SRF ERL 2.3 xin | 110
Feedback for kink instability Nove 110345103 210342.510* 3
suppression 10— | ' 0.5:10%
Space charge effect compensation Nove ] D.25-1034
0.110%

50 100 150 200 250 300

E, (GeV)

Q Hourglass the pinch effects are included. Space charge effects are compensated.

Q Energy of electrons can be selected at any desirable value at or below 30 GeV

Q The luminosity does not depend on the electron beam energy below or at 20 GeV

Q The luminosity falls as E."* at energies above 20 GeV

Q The luminosity is proportional to the hadron beam energy: L ~ E/E,,, BROOKHRAUEN
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eRHIC: HIGH-LUMINOSITY IR

" 202280 |

eRHIC - Vertical beam line to IP matching 30 GeV clectrons

eRHIC - Geometry high-lumi IR with p*=5 cm, I*= % Generated

and 10 mrad crossing angle 2 103 cm2 s-! — Quad aperture li
—RP (at 20m) accey

10 mrad crossing angle and crab-crossing oz ER T
High gradient (200 T/m) large aperture Nb;Sn focusing magnets
Arranged free-field electron pass through the hadron triplet magnets

Integration with the detector: efficient separation and registration of low
angle collision products

Gentle bending of the electrons to avoid SR impact in the detector

U 0DO0OO00

BROOKHREVEN
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MOST COMPELLING SCIENCE QUESTIONS

/" How are sea quarks and gluons and their spin dnstnbuted N
in space and momentum inside the nucleon?

‘;E How are these quark and gluon distributions correlated with the \g¢ |
over all nucleon properties, such as spin direction?

‘g What is the role of the motion of sea quarks and gluons
in building the nucleon spin?

/ How does the nuclear environment affect the distribution
of quarks and gluons and their interaction in nuclei? "‘fr
How does the transverse spatial distribution of gluons compare to that in the nucleon?

, How does matter respond to fast moving color charge passing through\t?. .
‘E Is this response different for light and heavy quarks? >
5

4 Where does the saturation of gluon densities set in?

‘;ﬁ Is there a simple boundary that separates the region from.
more dilute quark gluon matter? If so how do the distribution
of quarks and gluons change as one crosses the boundary?

@ Does this saturation produce matter of universal properties in
the nucleon and all nuclei viewed at nearly the speed of light? /




THE' eA PHYSI CS PROGRAM

Color Glass Initial Glasma sQGP - Hadron
Condensates Singularity perfect fluid Gas .
¥ »time
Hard Processes T FF/coal.
CGC (PQCD) Hadron
JIMWLK/BK »| Hydro (EeS)  Transport

Our understanding of some fundamental
properties of the Glasma, sQGP and
Hadron Gas depend strongly on our

knowledge of the initial statel Advantage over p(d)A:

» eA experimentally much cleaner
v no “spectator” background to

@3 conundrums of the initial state: subtract

: . e o » Access to the parton kinematics
1. What is the spatial transverse distributions through scattered lepton (x, Q2)

of nucleons and gluons?

2. How much does the spatial distribution » initial and final state effects can

be disentangled cleanly

fluctuate? Lumpiness, hot-spots etc. > il

3. How saturated is the initial state of the ’?;“:: :n::r‘mm explanations, i.e. ho
nucleus? hydro in eA ‘
- unambiguously see saturation BROOKHRUEN
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WHAT DO WE KNOW
. Gluon densi:z dominates o'r.x<0.1 '
H1 and ZEUS Gluon densir‘ dominates at x<0.1 |

A
M1 and ZEUS /D

L J
Q} =10 G&7
o9

xf
o

w38 =10 GeV>
10 e Q ¢

P v AN |

og <1

100 E
g HERAPDF1.0 h B E
102 B : = - exp. uncert. ' '
|:| model uncert. :‘" .. :
- parametrization uncert. "‘.‘} Satu r‘at|0n N exp. uncert. %
10 —— e ..‘.‘.\72 - .H.‘.\’l o o : '
10 10 10 10 . non-perturbative region ~
. 10_3\ ol Ll Ll T
uark 1 10* 10° 10° 10" 1
“"FI t x‘l In X X

‘Rapid rise in glubns decribed naturally by linear pQCD evolution equations

This rise cannot increase forever liffiiYs on the cross-section
= non-linear pQCD evolution equations provide a natural way to tame this growth and
lead to a saturation of gluons, characterised by the saturation scale Q?,(x)

splitting recombination
— — BROOKHRVEN
Brookhaven Science Associates NATIONAL LABORATORY
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Fractional contribution to cross-section

A2 e o - L2
Q° (GeVz)

—Pb

WHAT DO WE KNOW ABOUT x& IN NUCLEI?
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eRHIC: REACHING A HE SATURATION REGION

© [] ZEUS BPC 1995
- ] ZEUS SVTX 1995
" B H18VTX 1995
10°F [ HERA 1994

- [] HERA 1993

Q2 (GeV?
c_j:h

................

HERA (ep):
Despite high energy range:

Q F2, Gp(x, Q3) outside the saturation
regime

O Need also Q? lever arm!
Q Only way in ep is to increase /s
O Would require an ep collider at

Brookhgeen Sci =
107s ~"1X2°TeV > LHeC Compass-Collaboration, July 2013, Erlangen
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N [ A - Perturbative_
1 E- : non-perturbative
07@07306
10—1 14 lL"l.l.llll 1 1 lllllll 1 11 11111
10° 10* 10° o7
X
eRHIC (eA):
A 1/3
A2 2
(Qs ) ~CQ0 [Y]

L ~(@myx)!>2R, ~ A3
Probe interacts
coherently with all nucleons

R = A1.’3

Gold: 197 times smoﬂﬁro&fltmmﬁv!
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2 __ep—eX 2
d°o _dna;,

MEASURING F. WITH THE EIC (1)

A .. > NI )
(1 Y+ Fy(x,07) 2FL'(<’Q )}

dxdQ’ xQ*
quark+anti-quark gluon momentum
momentum distributions distribution

?ﬂEp)tg&gct strong non-linear effects in FL

| eéc:iﬂ:di-f-feh:.ﬁ"f values

Ice use reddced cross-section:

proton Au (A=197)

- Qﬂm‘ive o
. Wm ions
:_ ighér twist

T

?foﬁET3‘3° Fo

o f T YT amplifie

in eA

m energy

3 e e oy SR 2
> F2 infércept of or vs y2/Y* witR§-axis o= -y IY?

. BROOKHRVEN
Bf?@l@ SmOdech(JS, Bﬂl“*els et Q' .) NATIONAL LABORATORY
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IMPACT ON EPS nPDFs

O Take the generated Pseudo-data and include it in a global fit
> Only 20x100 and 5x100 included in these plots

O More data will constrain this further

Pb Pb
Rvalence eAufep 5+1 WGR’;;‘ Rgluon
g1.24_\ T14 - 1 I \ ]
- T S ]
SOus 2 B ﬁ@ﬁ JH+1.2 _ﬁﬁﬁiﬁ -
2 s _ﬁ@. o THi+q0 = ---° R RRERT ]
a7 gm _T i
5Q0s 0.8 1 tos i
— i | T i
3 ape ] o8 i
Z0vp4 | T 0.4n i
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big impact even with limited $ wl g
@ a7 e
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-] L
§ :i r N; 14 4 14 A 18 [ I
T wl st m 12 [ J 2| J 16 F 7
5 as [ ﬂﬁﬁﬁil 2 [ Y 1 14 .
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O Hard diffraction in DIS at small x

:\Illllllllll\\\‘\\\‘\\\‘\Illllllllllz JI

e+Au A=A w? [/

Q=0 E ’
Apr~ 10 MeVic -

] X (My)

| Largest rapidity

105;— . | _
SR R : | gapin event
N% Incoherenﬂé?égkﬁ'b """"" 1 p, P W~ —r
%104— . \_! - Po
S cororent Why is diffraction so important

O Sensitive to spatial gluon distribution
do _ Fourier Transformation
s e e dt  of Source Density P,y(b)

e 0.16 i
0 :
Q Diffraction in e+A: H;t If:r':\tiness"
> coherfr}t diffraction » Just Wood-Saxon+nucleon g(b)
(nuclei intact) Q Incoherent case:
» breakup into nucleons measure fluctuations/lumpiness in g,(b)

(nucleons intact) Q VM: Sensitive to gluon momentum distributions
» incoherent diffraction > o ~ g(x,Q2)>

Predictions: gadifi/gtet in e+A ~25-40%
HERA: 15% of all events are hard diffractive

Brookhaven Science Associates NATIONAL LABORATORY
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RATIQ OF DIFFRACTIVE TQ TOTAL CROSS-
SECTION

Q Black disc limit characterized by aditt/awt = 1/2 (Hera sees 1/7)
Q Large fraction of diffractive event is unambiguous signature for
reaching the saturated limit

Fraction of low-mass coherent diffraction in ep and eA at eRHIC:

& Q2 =5 GeV? & Q2 =10 GeV?

- [ x =3.3x1073 > x = 6.6x103

(g 107 T eAu stage-l ¢ 0°F eAu stage-Il

g JLat=101bA 1 o [Ldt =10 fb-1/A 1
= 1 =

= <
5 5

o |

A TR eAu - Saturation Model 2

= — ep - Saturation Model =

R eAu - Non-Saturation Model (LTS) 3 S0 v
= — ep - Non-Saturation Model (LTS) =
—_ - | L L L " PR T T T | - —_ | L L L " PR T R T | L -
% o5 E stal. errors & syst. uncertainties enfarged (x 10) = % o5 E stal. errors & syst, uncertainties enlarged (x 10) =
) = = ., = 3
3 2F  — . —+—+— f 3 3 2F —— 1

—t—| E E =T E
f.,-L 15 sat 3 fl:r, 15 = 3
o 1F T o 1E ' ————++——+++1 & =
o 05EF no-sat (LTS) = T 055  no-sat (LTS) =
= E | 1 1 1 1 I T | 1 L3 = 0 E_L 1 1 1 1 I R T | L3
1 10 1 10
Ny M2 (GeV2) M2 (GeV?)
Find:

* w/o non-linear effects eA/ep ratio stays roughly one D“W’:
* non-linear effects enhance agdiff in eA scattering

Brookhaven Science Associates NATIONAL LABORATORY
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EXCLUSIVE VECTOR MESON PRODUCTION

> Unique probe - allows to measure momentum transfer t in eA

diffraction
- in general, one cannot detect the outgoing nucleus and its momentum

u u’
EJ j(lixm% e @R b Dlpole Cross-Section:
Coherent events only E— S
n Z) ge M, Ndt=10fb"/A DIU saturatlon _
v 5‘ D o1 J/y,.p i non-linear-regime -
% L
B
? L "'""H.m_. _—
E_r n
b -
%—* +Hﬁ'++’++++++ - E
< 54 - dilute
® HTTIL - linear- N
Dﬁ; ¢Saturam ..l IIIIIIIIIIIIIII.. - regime -
Q smgl =sizé [J'NS cuts, of f. satycation region L N :
Q IargF “size (@.p, ...):"Sees-smire qu ipole g N, g g1
ampli rl'ude — more sen?“’**""””“lfl\'o safunation I

DIIIIIIIIIIIII N

2 3 4 5 6 7 8 89 10
BROOKHEVEN

2 2 . .
Brookhaven Science Associates Q (GEV ) NATIONAL LABORATORY
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SFPATIAL GLUON DISTRIBUTION THROUGH
DIFERACTION

> Idea: momentum transfer t conjugate to transverse position (by)
O coherent part probes “shape of black disc”

O incoherent part (dominant at large t) sensitive to
lumpiness™ of the source (fluctuations, hot spots, ...)

Spatial source distribution: F(b)~% [ dAAT (Ab) tfi_?
t= A%/(1-x) 8 A? (for small x)

10’

10°
10
10°

10

F(b)/fF(b) db

1

107

10

-1

B 10 5005 01 015 02 025 09 D35 60|deﬂ m eRHIC

Itl {GeV?)




WHAT COMPOSES THE SPIN GF THE PROTON

ﬂywww“

,,_....-L-}sr CRUSADE"

“Helicity sum rule" ghuon
| 1 A Can an eRHIC give the
7h:<P 71 ocol P > ZﬁSZWLSZ“LZL”LZ final answer?
.mms angular Contribution to proton spin to date:
quark spin momentum Gluon: 20% (RHIC)
Quarks: 30% (DIS)
. WSS 50% > 1o X mmoousiaum

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



PRESENT VS eRHIC KINEMATIC COVERAGE

L1 1 1 11

Current polarized DIS data:
0 CERN ADESY o JLab 0SLAC iR-9f

Current polarized BNL-RHIC ppadtia:
® PHENIX T® A STAR 1-jet

T IIIIIII T T

RHIC pp data
constraining Ag(x)

eRHIC extends x coveldge
by up to 2 decades
(at Q%=1 GeV?)

Brookhaven Science Associates

Lol 1 .[).....I 1 .....l.l
10

PR
lowest x so far 4.6 )510‘3 COMPASS

Compass-Collaboration, July 2013, Erlangen
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ai" THE WAY TQ FIND THE SPIN
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&
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&—— PQCD scaling violations
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— 21~ _Ag(x,
dlog(Q ) g )
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1 03

"~/
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cross section:
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of uncertainties:
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CAN WE SOLVE THE SPIN SUM RULE ?

L ol
jh:<P,j|JQCD| > y

sgnzo Zg“
A+ SZ
%ol quark

spin AZ:

Xt I

<

S

| Agx,Q?) dx
|

l I I I I I I I I I I I

what about the
orbital angular
] momentum?

w/ eRI-IIE_T data

05 - WS Dssv+ i
B EIC 55 |3
EIC 20x250 | é * con expachiatiE 5;::29
1 I T Iau ulncerltainlﬁes Ifor ?x%) ] ;Z; but need to control systematics
) 0.3 035 04 0.45 B
J A%(x,Q") dx BROOKHRUEN

Brookhaven Science Associates 0.001
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GENERALIZED PARTON DISTRIBUTIONS

the way to 3d imaging of the proton and the orbital angular momentum £, & L,

Measure them through exclusive reactions
golden channel: DVCS

e

L

Fa

Spin-Sum-Rule in PRF:
1 % % 1 % %
—=J T = AT+ Y L+ T

2 q 8 2 q 8
GPDs: . 1 !

Correlated quark momentum J: = —( xdx (H s @ )
and helicity distributions in “E - 2\Y -1 B

transverse space

from g,

Brookhaven Science Associates responSib|e for orbito' 0“9“""‘ mo enmaﬁtgglsfﬁﬁ‘![EE
21 E.C. Aschenauer



THE DVCS PHASE SPACE

1 rmrriri ) ) 1 rmrriri ] ) 1 1 rmrriri I LI
Current DVCS data at colliders:
10 3 —O ZEUS- total xsec O H1- total xsec —
- @ ZEUS- do/dt B Hi-do/dt -
N B Hi-Acy §
- Current DVCS data at fixed targets: .
- A HERMES-A; A HERMES-ACU y
L A HERMES- ALy, Au, ALl X i}
A HERMES-Ayr * HallA- CFFs p
5| ¥ CLAS-AL ¥ CLAS- Ay
N/-\ 1 O YY)\ /7t -
> - Planned DVCS at fixed targ.: .
) - [ COMPASS- do/dt, Acsu, AcsT -
(@) i JLAB12- do/dt, ALy, Ay, AL i
S B -
NO | HERA results on GPDs > i
very much limited by , but limited t-range
lack of statistics RIS S
10 | SRS —
- o ]
- S ]
i 3 i
A %
= 0:’ 3 ) .
‘ 2T
IRRRN % %
1 SRR *% |
: 1 L1 1 11 I 1 1 1 L1 1 11 I 1 1 1 L1 1 11 I 1 1 1 L1 111 I 1 1 1 L1 11 I-
-4 -3 -2 -1
10 10 X 10 10 1

quantum numbers of final state > selects different GPD
DVCS: wide range of observables (o, Ayr, Ay, Ay, Ac) to disentangle,GPDs, .,

Brookhaven Science Associates NATIONAL LABORATORY
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DVES AT eRHIC
DVCS: Golden channel
theoretically clean
wide range of observables
(0. Ayr. A, Ay, Ac)
to disentangle different GPDs

D. Mueller, K. Kumericki
/DVCS data at end of HERA S. Pazio. fgeEca

arXiv:1304.0077

()| 3 :
) ] ]
—_— () T
0.01
-~ ] 08 |
RE— C\"E 0.005
—~ [ 110 £ 06t
>~ Y
Tt < 04 0 ]
. " T large t 15 17 19 21
P * s
TeT . 02|
s|s| - 3 “ [ 0.004 <x<0.0063 small t
M ; 10 GeV2 < Q2 < 17.8 GeV?
] O 1 1 1 1 1 1 —— —
9] 02—04 06 0.8 1 1.2 14 1.6
L ; b (fm)
| ol I TR T TR (NN TN TN TN NN TR T TN [N TN TR TN (N TN TR R N TR NN N
I BROOKHAVEN
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http://arxiv.org/abs/arXiv:1304.0077

DIFFERENT DVCS ASYMMETRIES

arXiv:1304.0077
[T ' ('¢) ''''''''''''
P
R
- « ;\}_ }
- L 4
‘ A BROOKHEVEN
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http://arxiv.org/abs/arXiv:1304.0077

WHAT WILL WE LEARN ABOUT 2Dt1 STRUCTURE OF THE PROTON

6PD H and E ddflnction of t, x and Q2
(" )1

A

i
|

e e

R

EPRHIRCE Rt brshrctioe for sea-quarks and gluons

and good reconstruction of A# (from
do/df) BROOKHRVEN
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M. Diehl & ECA

2 102 10°
Tsdiml;"o"; imﬂsi:? on gluons 7 nacem T
add J/y observables o | f
> - L
cross section A
= ¢ i
A S :
UT ° r w i 10?
ece @ o [ A |
O o e

fLdt =10 fb™
at 20 + 250 GeV |

—_

o
w
T

e+p—=e+p+JY

BR(JAp — e*e”) x do/dt (pb/GeV?)

102
0 15.8 < Q2 + M2, < 25.1 GeV?
10F  0.0016 <x, <0.0025
15.8 GeV2 < Q? + M3, <251 pic
0.08
1 ' ' ' ' ' 0.16 <xy <0.25 0.06
0 02 04 06 0.8 1 . A : . n 0.04
o 0.2 0.4 0.6 0.8 1 0.02
t (Gev ) 01.2 1.4 1.6
— 10* . : S .
B M- c 0.1
8 fLdt = 100" o 0.08
S = 0.016 0.025 0.06
< 108 at5 + 100 GeV g . YIS <2yS0 ‘ e
= = 02 04 06 0.02
e —
E K] 3t %2 1.4 1.6
x 10 - 2| .
i !
K
[ 1F !
0.06
; 10 F 016<xy<0.25 Y Y
3 10 GeVZ < Q? + M3, <158 GeV? 0 02 04 06 08 1 0.02
o
om 1 . . . . . . . 01.2 1.4 1.6
0 02 04 06 0.8 1 12 14 16 =
4 (GeV?) b (fm) BRO EN
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MORE INSIGHTS TO THE PROTON: TMDs
(e Nuckeon Spi

Quark Polarization

Leading Twist TMDs

Un-Polarized
(v

Longitudinally Polarized

L)

@ Quark Spin

Transversely Polarized

(m

'FiEe =) - (O
c Boer-Mulders
;
E - gu:@ - @_’ h ‘= —
i Heliicity b @ @
HORNO
2T f, = - g, = é — Transwer
Sihvers -
h=(p) — 10
Similar for gluons
A
\ 1/ky o 10
\\ >
— N )
i A S
a3 i ~
= 5 &/
-
oy % 10
E
|
2 . know how to
: . do physics here
i
1 J -
as~1 Aqcp Qs og << 1

ky

Brookhaven Science Associates

Compass-Collaboration, July 2013, Erlangen

Current data for Sivers asymmetry:
® COMPASS h*P,;<1.6GeV, z>0.1

O HERMES  «°*, K% P,;<1GeV,02<2<07
m JLab Hall-A " P,;<0.45GeV, 0.4 <z<0.6

Planned:

557 JLab 12

-4 -3
10 10



Sivers asymmetry for n+:

QUARK TMDs @ EIC

Sivers fct. before and after

Vs=140 GeV / 45 GeV / 15 GeV

Nn L
- 0.30<z<0.35 ;
E [ 0.50<z<0.55
_ 00<P,;<023s L
& [ 1 g
s i ¥# 10 i
3 ...l.. L4 * L
’5 _.I. MEPETTI BT R ITH RSN FTTT EER R AT
© 0.15F - V5
L : E Vs(GeV)
+l-: 01E 04<P, <06 ; L e 15
Es o . [ i r A 45
% 005F pRRE g F w140
() o § I r
E O: !iii:iliiilil;! s & :_ W §
g : n . N . e E s
0 _005 :_ ....-ll-A A A.l s :_
< F —Y 1L SN .x o ooel”
-0.1 k" * e
08<P <10

e influence of
on the size of the asymmetry? .

Other quarks loek similar

aL
what about the glusn ? ' :1_2 e
ST 0 10° 102 10l 10 0

X
Brookhaven Science Associates

Compass-Collaboration, July 2013, Erlangen
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The Gluon Sivers Function: v*N' — h+h+X

k <<
i)/ qqbar interacts like g R
“Correlation limit" }
. Measure a pair
— s of D mesons
k, = |kit + kar|
study charm ! v >
to tog PGF ] e [Statistically Pt = (kit - kav) / 2
\ challenging
ﬁ V.
N Single Spin Asymmetry e
0.4—
d k ’ d k ’ _|_ —k’'=1.5 GeV
olky, psi) = dolk, Psw + ) I y N'-->DD+X

Ak, osrr) = do (K, dsw) + do (K, s + ) i
~8 months with i A
50% efficiency and s O
L = 10%cm?s™! v
0.2

Q Beam Energies: 20 GeV x 250 GeV

QQ%1-106eV? y:001-095,22025 [ | | { 1 ¢ 1 ¢+ 4 |
Q no cut on k, and p, o0a4-1 1 0T T 1 1T T T T |
I | l 4 | ¢Sk’ | 6

menqggnm!p&es 0.5 for “correlation limit” ‘
9 Compass-Collaboration, July 2)13. Erlangen 2




WHAT NEEDS TO BE COVERED BY THE DETECTOR

e
e(ku/) scattered lepton
incoming lepton
E,/
e(ku) 9 '
- virtual photo ;’ U a0
v () , C:f—-—ﬁ]
> . —= F —a gt
N
uud S
> X ®,) target nucleon '! ' n\ !
P (p,) String Breaking - P

Inclusive Reactions in ep/eA:
Q Physics: Structure Fets.: gy, F,, F,

Q Very good electron id 2 find scattered lepton

Q Momentum/energy and angular resolution of e’ critical
Q scattered lepton = kinematics

Semi-inclusive Reactions in ep/eA:

Q Physies: TMDs, Helicity PDFs = flavor separation, dihadron-corr., ...
-2 Kaon asymmetries, cross sections

Q Excellent particle ID: n*,K*,p* separation over a wide range in n

Q full ®-coverage around y*

 Excellent vertex resolution = Charm, Bottom identification

Exclusive Reactions in ep/eA:

) Physics: 6PDs, proton/nucleus imaging, DVCS, excl. VM/PS prod.

A Exclusivity = large rapidity coverage = rapidity gap events

Q N reconstruction of all particles in event EN
- high resolution in + = Roman pots

E.C. Aschenauer

Brookhaven Science Associ:



THE eRHIC DETECTOR CONCEPT

Extremely wide physics program puts stringent requirements on detector performance
Q high acceptance -5 < n < 5
Q good PID (x,K,p and lepton) and vertex resolution
Q same rapidity coverage for tracking and calorimeter
- good momentum resolution, lepton PID
Q low material density because of low scattered lepton p
- minimal multiple scattering and brems-strahlung
Q very forward electron and proton/neutron detection
Q Fully integrated in machine IR design
Summary:
Full Geant Model based on Generic EIC R&D detector concepts
https://wiki.bnl gov/eic/index.php/DIS:_What_is_important
https://wiki.bnl.gov/eic/index.php/ERHIC_Dedicated_Detector_Design

Phase-I (5 - 10 GeV): Phase-II (>10 GeV):
N e

3T Solenoid

o
-

i

= =
=~
=~
S

i
i
i

~3.0m

i
i
i

i
.

1
i
i

- -t hadron-heam lepton—heam
hadron-beam lepton—beam NAIIUNAL LABUKAIUKY
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https://wiki.bnl.gov/eic/index.php/DIS:_What_is_important

TRACKING ELEMENTS

barrel silicon tracker:
= MAPS technology: ~20x20mm? chips, ~20 um 2D pixels

=« 6 layers at [30..160] mm radius
» 0.37% X, in acceptance per layer simulated precisely:
» digitization: single discrete pixels, one-to-one from MC points
forward/backward silicon trackers:
» 2x7 disks with up to 280 mm radius
= N sectors per disk: 200 pm silicon-equivalent thickness
» digitization: discrete ~20x20 um? pixels
TPC:
= ~2m long: gas volume radius [300..800] mm
» 1.2% X, IFC, 4.0% X, OFC: 15.0% X, aluminum endcaps
= digitization: idealized, assume 1x5 mm GEM pads

GEM trackers:

» 3 disks behind the TPC endcap
= STAR FGT dGSigﬂ
= digitization: 100 mm resolution in X&Y: gaussian smearing ..o

Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



TRACKER ZQOMED VI,

BROOKHEVEN

Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer




VIBRANT DETECTOR R4D PROGRAM

Q Calorimetry
» W-Scintillator & W-Si
» compact and high resolution

» Crystal calorimeters PbW & BGO
BNL, Indiana University, Penn State Univ., UCLA, USTC, TAN
Q Pre-Shower

> W-Si

» LYSO plxel array with

readout via X-Y WLS £
Univ. Tecnica Valparaiso

Q PID via Cer-ev-'f ;
(@)

Q Tra<king
BNL, Florldc Inst. Of Technology, Iowa State, LBNL, MIT, Stony Brook. Temple J Iob Vqumlo Yale
» p-Vertex: central and forward based on MAPS | /w

» Central: TPC/HBD provides low mass, /W
good momentum, dE/dx, eID =T &
Fast Layer: p-Megas or PImMS -_ TR =

sr%oi%e&omndras Planar GEM detectors



TAKE AWAY MESSAGE

athine design ambitious,
UT will push collider technologies
In several regions

BROOKHEVEN
NATIONAL LABORATORY
Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



BACKUP

BROOKHREVEN

Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



INTERNATIONAL CONTEXT

Electron-"Ion" colliders in the past and future:

HERA@DESY LHeC@CERN eRHIC@BNL MEIC@JLab  HIAF@CAS ENC@GSI

Ecn (GeV) 320 800-1300 45-175 12-140 12 > 65 14
proton x_. 1x10° 5% 107 3x10° 5x10° 7 x103 5x103
=>3x10*
ion p p to Pb pto U p to Pb ptolU p to ~4Ca
polarization - - p, *He p, d, *He (5Li) p, d, *He p,d
L [cm2s1] 2 x 1031 1023 103334 103334 103233 3 4035 1032
IP 2 1 2+ 2+ 1 1
Year 1992-2007 2022 (7?) 2022 Post-12 GeV 2019 > 2030 upgrade to
FAIR
BROOKHRUEN
Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



AN ELECTRON ION COLLIDER IN THE Us

Requirements:

Q High Luminosity > 103 cm-3s-!

Q Flexible center of mass energies

Q Electrons and protons/light nuclei polarised

Q Wide range of nuclear beams

Q a wide acceptance detector with good PID (e/h and =, K, p)

Q wide acceptance for protons from elastic reactions and
neutrons from nuclear breakup

Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



Where do we stand to realize EIC@RHIC
& eRHIC
Latest Review:

NSAC 2013 Subcommittee Report on Scientific Facilities:

“The Subcommittee ranks an EIC as Absolutely Central in its ability
to contribute to world-leading science in the next decade.”

“There are outstanding R&D issues that remain to be addressed in
order to achieve performance metrics. Staging approaches to the
EIC are also being explored by [BNL and JLab]. Both laboratories
are actively addressing R&D issues and are making good progress.”

Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



POSSIBLE SCHEDULE TO REALIZE eRHIC

Fiscal year 2012|2013 (2014 | 2015|2016 {2017 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026

RHIC I physics L
RHIC Il upgrades

RHIC Il physics

sPHENIX/STAR upgrades

RHIC physics with upgrades

eRHIC

R&D (CDO-CD1)

PED (CD1-CD2)
Baselined (CD2-CD3)
Construction (CD3-CD4)

eRHIC detector
eRHIC physics

Projects/Construction [0
Operations ]

BROOKHREVEN

Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



eRHIC: design luminosity

e p ZHe3 79Au197 92U238
Energy, GeV 20 250 167 100 100
CM energy, GeV 100 82 63 63
Number of bunches/distance between bunches 107 nsec 111 111 111 111
Bunch intensity (nucleons) ,10'! 0.36 4 6 6 6
Bunch charge, nC 5.8 64 60 39 40
Beam current, mA 50 556 556 335 338
[Normalized emittance of hadrons , 95% , mm mrad 1.2 1.2 1.2 1.2
Normalized emittance of electrons, rms, mm mrad 16 24 40 40
Polarization, % 80 70 70 none none
rms bunch length, cm 0.2 5 5
p*, cm 5 5 5 5 5
Luminosity per nucleon, x 1034 cm-2s-1 2.7 2.7 1.6 1.7

Hourglass the pinch effects are included. Space charge effects are compensated.

Energy of electrons can be selected at any desirable value at or below 30 GeV

The luminosity does not depend on the electron beam energy below or at 20 GeV
The luminosity falls as E,-* at energies above 20 GeV

Brookhaven Science Associates

The luminosity is proportional to the hadron beam energy: L ~ E\/E,,,

Compass-Collaboration, July 2013, Erlangen

NATIONAL LABORATORY

E.C. Aschenauer




Rapidity

|

low Q? coverage
critical for

saturation physics

Brookhaven Science Associates

Compass-Collaboration, July 2013, Erlangen

sl

LEPTON KINEMATICS

Increasing Lepton Beam Energy:
5GeV: Q2 ~16GeV > n~ -2
10GeV: Q2 ~ 1 GeV > n ~ -4

highest E', at most negative rapidities
independent of E,

Mor%entum (GeVlce) 10

i s
i



SCATTERED LEPTON KINEMATICS

CUTS: Q?>0.16eV? && 0.01<y<0.95 |

-5 < rapidity < -4 -4 < rapidity < -3 -3 < rapidity < -2 -2 < rapidity < -1
10°F 10°F
10°F
10°F 10°F o
10*F A
2 10'k 2 g g10°F
£10 s 10° E10°F =
C c (e C
L L L L
10° 10°F 10°k
10°F 10
10°F
; idi idi idi 10" 1 10 10
(o' 1 < rapidity <0 0 < rapidity < 1 1 < rapidity < 2 Momentum (GeV)
10°F
10}
10°F 20 GeV on 250 GeV
3 3 3 10 GeV on 100 GeV
-— -— 10_ -—
T | T LI 5 GeV on 50 GeV
i higher /s:
1o | [ "t . Il scattered lepton has
10" 1 10 10° 10" 1 10 10? 10" 1 10 10 small scaﬂermg dﬂg|€
Momentum (GeV) Momentum (GeV) Momentum (GeV) 9 negative Npidiﬂes

NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer
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PION KINEMATICS

Cuts: Q%>1 GeV, 0.01<y<0.95, z>0.1
y

|

Mémenlum Gchq Mémenlum (Gchq |

Increasing Hadron Beam Energy: influences max. hadron energy at fixed n
Increasing 30 GeV < /s < 170 GeV

- hadrons are boosted from forward rapidities to negative rapidities

> no dnffer-ence between n*, K*, p* BROOKHAVEN

oooooooooooooooooooooooooooooo

a4 Compass-Collaboration, July 2013, Erlangen E C A h




HADRON., LEPTON., PHOTON SEPARATION

-5<rapidity<-4 -4<rapidity<-3 lkrapidity<-2

Entries

5 6eVx50 GeV
hadron

photon
electron

no cuts applied

1 10
Momentum (GeV)

10 10" 1 10 10"

Momentum (GeV)

hadron/photon suppression factor Pmox hadron for PID:
needed for p.>1GeV: -5<n<-1: < 10 GeV
-3<n<-2: ~10 -1<n<-1: < 5 GeV
| -2<n<-1: > 100 1<n<3: <« 50 @eMoxnruen
Br?éhaven R -1 <11<0= “lmeass-Collabomﬂon. July 2013, Erlangen wexzo ;\;g;;:::;om

Momentum (GeV)



LEPTON IDENTIFICATION

Berapidity<4

Entries

-d<rapidity<-3

10F

-3<rapidity<-2

-2<rapidity<-1

10*F

10 F

10F

-1<rapidity<-0

107 1 10
Momentum (GeV)

O<rapidity<1

10

Momentum (GeV)

1<rapidity<5

1

10

Momentum (GeV)

hadron/photon suppression factor

@ needed for p,.>1GeV:

-4<n<-3:
-3<n<¢-2¢
-2<n<-1: > 1@Apass-Collaboration, July 2013, Erlangen

Brookhaven Science As

>100
~1000

20 GeVx250 GeV
hadron

photon

electron

no cuts applied

Pmex hadron for PID:
-5<n<-1: < 30 GeV
-1<‘r|<-1: < 10 GeV
1<n<d: < 10:@eVbunnuen

NATIONAL LABORATORY
E.C. Aschenauer



BNL: 1°T DETECTOR DESIGN CONCEPT

AL W-Scintillator 4
Upstream
low Q? - ~
tagger E = é%
; To
T = i — T
58 : E
> H g
\j
P —
- L W‘SH > asmH S L >
—n hadronl]mg > cleptonl])eam n
PID: i

-1<n<1: DIRC or proximity focusing Aerogel-RICH
1<|n|<3: RICH
Lepton-ID:
-3 <n< 3 e/p
1<|n|<3: in addition Hcal response & y suppression via tracking
Inl>3:  ECal+Hcal response & y suppression via tracking
2psns. Tracking (TPC+GEM+MAPS) b b

NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



MODELING THE DETECTOR IN GEAN

n-vertex detector:
6 layers with [30..160] mm radius

0.37% X, in acceptance per Iaycr simulated prcciscly,,
dlgitizati inale diserete nixels ane-to-ane fram M

mm GE

Forward

3 disks behind tF
J rather precise S
) digitization: 100

Brookhaven Science Associates

Compass-Collaboration, July 201



MOMENTUM RESOLUTION STUDY (1)
n* track momentum resolution vs. pseudo-rapidity

B 32 GeV/ic

B 1868 GeVic
B 1 GeVic

w
|

-
h
-
]

-

-

-

- H
....

Momentum resolution o, /P [%]

0 0.5 1 1.5 2 25 3
Pseudo-rapidity

-> expect 2% or better momentum resolution in the whole kinematic range
BROOKHRVEN

Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



n* tTrack mom

Momentum resolution o, /P [%]

MOMENTUM RESOLUTION STUDY (2)

8 — H
7 i Silicon sehsor 'equivélenl thickness'
= B 800 microns
C B 400 microns
66— B 200 microns
F B 100 microns
;] E——— B 10 microns
| — e .
= o
N - — i teisssia g
— .
2 [— T o ....:.-- --------- — N .
. S Bt S s - S
1 :—:-_.:;:-.. - — -
O : 1 1 ‘ Il 1 | 1 1 Il Il 1 1 1 1 1 1 1 Il Il Il Il
0 2 4 6 8 10 12 14 16

-> 20 micron pixel size is essential to
maintain good momentum resolution

Brookhaven Science Associates

n* momentum [GeV/c]

entum resolution at n = 3.0 vs. Silicon thickness

-> ~flat over inspected momentum range
because of very small Si pixel size

n* track momentum resolution at n = 3.0 vs. Silicon pixel size

Compass-Collaboration, Jul

Momentum resolution o, /P [%]

~

8
7 i Silicon se;mor ‘pixel size’
- B 100 microns e
6 :_ ............. B 50 microns o
sE. .. ® 20miorons
4 C L N =
3 g s
e N STl b - -
2 Z,?__ ,..ﬁ_‘,_{.::‘. _____ '."'.-. -l -~ -
U=
o C L 1 1 1 1 1 L 1 1 1 1 1 L 1 1 1 1 1 1 1 1 L 1 1 1
0 é 4 6 8 10 12 14 16
2013, Erlangen " momentum [GeV/c]



EIC SOLENOID MODELING

main requirements:

= Yield large enough bending for charged tracks at large n
» Keep field inside TPC volume as homogeneous as possible
= Keep magnetic field inside RICH volume(s) small

14 -2 use OPERA‘3D/2D

1.2
Lo software
0.8 /\

0.6 -

0.4 -

0.2 A=
0.0 —
0.2
04
0.6
0.8
1.0

Total Length : 2.4 m
12 Inner Radius : 1.0 m

R coord 800.0 800.0 800.0 800.0 800.0 800.0 ) Outer Radius : 1.1 m

Z coord -5000.0V | f_BSthmOFéO 800 -1000.0 1000.0 3000.0 5000.0¢p
alues 0 - R=800mm .
— " Values of BR  R=600mm Central B field: 3.0T
__ Values of BR : R=400mm
BROOKHEVEN

_ . _ Values of BR : R=200mm
NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer

Presently used design: MRS-B1

Brookhaven Science Associates



BACKWARD EM CALORIMETER (BEMC)

» PWO-II, layout a la CMS &
PANDA

» -2500mm from the IP

= both projective and non-projective
geometry implemented

= digitization based on PANDA R&D

10 GeV/c electron hitting one = N -
of the four BEMC quadrants Same event (details of shower development
BROOKHEVEN
Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



FORWARD EM CALORIMETER (FEMC)

tower (and fiber) geometry
described precisely

Q tungsten powder scintillating fiber sampling calorimeter
technology

Q +2500mm from the IP: non-projective geometry

Q sampling fraction for e/m showers ~2.6%

Q “medium speed” simulation (up to energy depeosit in
fiber cores)

Q reasonably detailed digitization: “ideal” clustering code

% .
E

-
£

Energy resolution [%]
aI I RJ:I’I [ Lt
% o

N.7% 4 1.1% (fixed)

B Ideal digitization

u Realistic digi (500pe/GeV)
u Realistic digi (200pe/GeV)
o

T1018 measured data

- L ——
5 94% . 4

_E . 0,
E_\J’E 1%

/
a0

as]

Q “Realistic” digitization: 40MHz SiPM noise in 50ns gate:
Q 4m attenuation length: 5 pixel single tower threshold:
Q 70% light reflection on upstream fiber end:

(o)]

4

-> good agreement with original MC studies
and measured data

Brookhaven Science Associates 0— ) S S— 7 8

1 | 1 1
3
COMPQSS‘CO"QMN?EO“. JU'Y 2013, éf"ﬂ"gen Electron energy [GeV]

3 degree track-to-tower-axis incident angle

2

/
/




BARREL EM CALORIMETER (CEMC)

< 9
8 8_— | EEr.idca,t:vE calorimeter (stréight tows
=~ - L] Barrel calorimeter (tapered towe
2 7
w
: -
S 6
g 5_ //
> L
’&? 4 -//
Ll:.:] 3‘ // slope ~ 0.92
2 e
1
% 1 2 3 4 5 6 7 8
Electron energy [GeV]
O same tungsten powder + fibers technology as FEMC, .. . .
gsten p f °9Y => barrel calorimeter collects less light,
Q .. but towers are tapered b fixed 3° anale) i
Q non-projective ut response (at a fixed 3° angle) is
- perfectly linear
X 14 : :
- r u Endcap calorimeter (straight towers)
% 12‘_ u Barrel calorimeter (tapered fowers) - :
E’} 10X
5 o N\ -> simulation does not show any noticeable
gk Rl difference in energy resolution between
- e straight and tapered tower calorimeters
4 ==
2 3 degrree track-to-tower-axis incident angle
3 ndabimin i ien BROOKHRVEN

NATIONAL LABORATORY

| !
E:egrroﬁeﬁagﬁta%ﬁlobomﬁon. July 2013, Erlangen E.C. Aschenauer
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LEPTON-HADRON SEPARATION VIA E/P

all plots: 10GeV x 1006eV beams

o TEHUISG) S8, U S[PeSE s-30<n<-20,3<p<5 20<m<-1.0,1<p<3
o [P R R R 0% = -
= 5 — — All - —
5 - 5f - All
(& . C —— Elect —— Electrons
4 4
. —— Had —— Hadrons
3f 3 =
2f 2F - 3
1F 1; - E
0- J 0_ ............. A .
0.2 04 0.6 08 1 12 1.4 0.2 0.4 06 0.8 1 12 14 ot 02 0.4 0.6 08 1 12 14

HADRON IDENTIFIC'A TION WITH RICH

angle vs. p for aerogel (n = Cherenkov s. p for C4F10 (n = 1.00137)

250

eren
| - 8 :
g
I £ 50
=
200 O
- ==l
150

30

A, (milliradian:

consider hadrons in
pseudo-rapidity range
~[1.0 .. 3.0]

100

50—

p (Ge ) 1 10 p (Ge W)

-> pion/kaon/proton identification should be possiblesupoxsinien

Brookhaven Science Associate NATIONAL LABORATORY
55 mmﬂti&ﬂalﬁﬁv/ Erlangen E.C. Aschenauer



MIGRATION IN (X.Q¥) BINS

10 GeV x 100 GeV beams
—~10°

TTTTT

high y limited b

T T

Q? (GeV?

T TIIIITII

low y-coverage:
limited by E', resolution
X > hadron method

-> “survival probability” is above ~80% in the region, > or change beam energy
where tracking has superior resolution

Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer




KINEMATICS OF BREAKUP NEUTRONS

Results from GEMINI++ for 50 GeV Au

| theta distribution of neutrons at E* =10 MeV | hizstoThetall |
Entriez 9143 |

I ﬂ | #hntn dictribudting oFf noetranc of BE* BN B8RS | | histnThetaSN |

Results: |
With an aperture of =3 mrad we are in relative good shape 300
- enough “detection” power for t > 0.025 GeV? 0.5048
- below t ~ 0.02 GeV? we have to look into photon detection
» Is it needed?
Question:
* For some physics rejection power for incoherent is needed ~10*
- How efficient can the ZDCs be made?
- s00F- a0F
%52 %. - 30F
200 -
B 20
. R
L B IR T
by Thomas Ullrich mrad
X &= +/-5mrad acceptance seems sufficient
BROOKHAVEN

Brookhaven Science Associates NATIONAL LABORATORY
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DIFFRACTIVE PHYSICS: P’ KINEMATICS

kf

Diffraction: |

t=(pa-pa)? = 2[(mp".mp>)-(EE™" - pzpz™)]

electron

My - " Roman Pots” acceptance studies see later
5 30 —
) e E
_______proton, nuclei P o 25— w2,
e — 10°
@ B -
on — _
s [ il
E L
® 15[ 10
c — _
[o) — _
5 T .
S 10 |
- 10
Simulations by J.H Lee 5[
% U200 250 |

proton momentum [GeV/c]

Brookhaven Science Associates NATIONAL LABORATORY
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PROTON DISTRIBUTIONIN Y VS X AT S=20 M

without quadrupole aperture limit

300 3001
200 zoxzso Entries 100001 200 ___' "% 1| Entries 100001
; S
100 102 100}
€ [ E [
E. 0__ = _ E. _-
-100__ 10 _100;.'-. o
- E o E
-200— 200" -
C £ o 10
_30 _I L1 | T N | | I B | I T | | I T | | I N | 1 _30 _I Ll |'| T..H-l.'l:t-{l = L --I-I-IJ:l I N |
-gﬂll -200 =100 0 100 200 300 -gﬂl] -200 =100 100 200 300
x [mm] . . e x [mm]
with quadruﬂpole aperture limit
300 1 300
- 20x250 F 5x50 |
200 . Entries 99992 200 Entries 64323
100 102 1001
€ [ €
E o T~ E oFt
> r N > :.J; 1
100~ 10 100~
-200( -200(
5 N 10 ﬁwﬁ%
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THE PATH TO IMAGINE QUARKS AND 6LUONS

Q PDFs do not resolve transverse momenta or positions in the nucleon
Q fast moving nucleon turns into a "pizza’ but transverse size remains about 1 fm
"compelling questions

2 how are quarks and gluons spatially distributed

O how do they move in the transverse plane

O do they orbit and do we have access to spin-orbit correlations
= required set of measurements & theoretical concepts

--------

F(t)
- \ ~
1-b ( par?on ensmes formfactor i
fdzk'r/ \ f d*by I fdx
 not related by b+t £—10
f{}: kT Fourlertransf 11 hT «— H(x,0,t) —— H(x,{, t)
241-pD transv. mom. dep. PD impact par. dep PDF generalized PDF
_ = semi-inclusive DIS és exclusive processes
' l1°/d2hT\ /fdsz ' e M.
Wigner function high-level connection
- ?
4+1-D W(I, ij bT) ‘ ‘measurable : ‘
important in other branches of Physics RIROOKHEVEN
Brgo{haven Science Associates

NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



HELICITY STRUCTURE - OPEN QUESTIONS

H—b-lﬂl—h
S A

N/
significant experimental and theoretical progress in past 25+ years, yet many unknows ...

@ Ag(x,.Q?) ey |
XAg — DNS | — DSSV Ay

* found to be small at 0.05 < x < 0.2 [RHIC, COMPASS, HERMES]} - GRSV | - pssvayai |
can hide one - e

* RHIC can slightly extend x range & reduce uncertainties . - T

[500 eV running & particle correlations]) - / ¢ N o

yet, full 1s* moment [proton spin sum]
will remain to have significant uncertainties
from unmeasured small x region

i DIS - -0.1
— DSSI‘J e ¥y GRSV maxg R.::c :p ]

0.04 .__ DSSV +1 .TJQS _| ' . 2 [ __._ .G.R.s.‘\.j.nlnn}g. . -
L DSSV 2% } @ Aq's (x.Q%) 107 IS <k

002 b 1
[ ] < known: quarks contribute much less to proton spin
than expected from quark models
large uncertainties in AZ from unmeasured small x

0 F

002 F

- EESSV STD { « surprisingly small/positive As from SIDIS: large SU(3)
M E. GRSV VAL 1  breaking? _
T « flavor separation not well known, e.g., Au T
Brookh 10 10 ] Ad NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



WHAT DO WE KNOW NOW ON Ag(x)

~dependence) give
to the gluon distribution via DGLAP

idrapididyigtirect access to gluons (gg.99)
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PREPARATION OF DIS AND SIDIS MOCK DATA

« PEPSI MC to generate ¢** and ¢*- with LO GRSV PDFs é@

DIS /E/ SIDIS;;?W’

inclusive final-state; identified charged pions and kaons

assume modest 10 fb-! for each energy, 70% beam polarizations
Q?>16eV?, 0.01 <y < 095, invariant mass W? > 10 GeV?
depolarization factor of virtual photon D(y,Q?) > 0.1 (cuts on small y)

scattered lepton: 1° < O, < 179° and p,,. > 0.5 GeV

hadron: ppq- > 1 GeV, 0.2 < 2 < 0.9,
10 < 0, g < 179°

« use rel. uncertainties of data to generate mock data by randomizing around
DSSV+ by 1-0

Q;QLQCIegMgOm|caI 5% (10%) uncertainty for pion (kaon) frag. fcts (ffam DS analysie) "

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer
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g THE WAY TO FIND THE SPIN

d*o

hep ph 1206.6014

" 2.1%107 (+11)

T T III'III

x=52x107 (+52)

8.2x107 (+43)

1.3x107* (+36)
o——"

L] IIIIIII Ll

g, (x ,Qz) + const(x)

i +

P 33x10 * @27

@‘- . .

L] II'IIIII

DSSV+
EIC 5x100

EIC 5x250
EIC 20250

i @M 21x10% 430 o 5 x 250 starts here

W

—

5 x 100 starts Hhere

5.2x10 (+24)e

8.2x107* (+21)

o 1.3x107 (+19)

i —— g5k Sk =

2.1%107 (+17)
o h—C
Y ok Ok A ©

-.__-‘——-ﬁ——r—elt—'e*’_o_'_o
r re .——n—Gt—ei—o-"—O
Ch—oh—0x—6—0 1.3x107 (+12)

ik

33x107 (+10)

5.2%102 (+9) ,
8.2x107 (+8)
1.3x10!

_wonr

0 33x107 (+15.5)
52x107° (+14)
8.2x10” (+13)

el T G O A O O—©

- - A —Chk —OA —O6—O

& A—Ch Gk —C4h—0O
(+7) = S & A —Chk—Ch—OA
2.1x10"! (+6) = e i & S— A
3.3x10™! (+5) = A & T

5.2x107" (+4) =

BNL EIC Science Task Force

cross section:

1%

dg,

d lOg(Q )

dQdE'

"p' p L1 Lwvis jagq
=—g.u'VF1_pvp F2+V8‘uv Gq S

i VAC A
+_23“ q

~L W¥

uv

(pegs® —s-qpo)sg,

PQCD scaling violations
~-Ag(x,0%)

A3(Q%) = f 2,(x,0%)dx f Aq,(x,0%)dx

1 5 . 107
Compdss Zolaboration, July 2013, Erlangen

10
2
o 98x.Q? + C(x)
* COMPASS
1l
8 el x = 00083 (+7.5)  , HERMES
-k v sMC
e x = 0.0141 (+6.2
. - x ¢ ) - EMC
6
gt FTE = 0.0245 (+5.2)
5 E143 _..'-.--.-‘ W x = 0.0346 (+4.5)
®E155 ., esccfory xom 0.0490 (+4.0)
4 o CLAS ~esegasescesssmsds  x = 0.0775 (+3.5)
o =T X = 0.122 (4+3.0)
3 g gt X = 0.173 (+2.5)
LSs e et % = 0.245 (4+2.0)
2 _____
AAC e e et % = 0,346 (+1.5)
b GRSV . % = 0,490 (+1.0)
This Fit e x = 0.735 (+0.5)
\ 0 i I ;
1 10 100

Q? (GeV?)



SCALINEG VIOLATIONS AT SMALL X

rough small-x approximation to Q?-evolution:

dgi 2 spread in Ag(x,Q?) translates into
d10g(Q?) x —Ag(@, Q%) n spread of scaling violations for g,(x,Q?)

* need x-bins with a least two Q? values to compute derivative (limits x reach somewhat)

smallest x bins require 20 x 250 GeV 5 x 250 starts here

2 - o T T T T llllllf:_l_l_rm'rl'l T T TTTIT - T |||n|l'|_I_T'I'ITI'I:_I: :_I_I7111TII_I_ITTT1'|:E
15 B  x=13x10" JE  x=21x10" JE  x=33x10" JE  x=52x10" JE  x=8.2x107 3
= — 3F — 3E =
055% bssve 3 o 1k : | 1 -
2 B d5xa00250F El s E odoyg IF osole : EFe
0 B ¢incl. 20x2503 E JE =2 JE rE %
E L1l IIIIIII L1l 111l E L1 IIIIIII 11 IIIIIE E 1 |||||||I L1 111l E L1 Illllll L IIIIII':l' E L1 Illlld L IIIIII'E ‘9.
06 - T T T T ||||||_ﬂ__ IR T |||||E___I_I'I'I'I'I'I'I'| T ||||u_ﬂ__ T ||||||I'I T |||||E__ T ||||||r| T ||11|£ )
T 1F x=2.1x10" JF x=3.3x10" JF x=5.2x10" JF x=8 2x10° I
- i i i dE 3 en
04 - 1F 1E 1F 1F 1 T
02 o E}mﬂﬂ%% e;mﬂ%%% ooty IE oroseseth
VE xaao® JF Ela 1F Ea E
E ool L tnumc g L ol Ll pumc g |||||||| L pumc g |||||||l Ly e g |||||||| L1 181l
2
1 10 1 10 1 100 1 g 10 g 1 o 10 g 10
Q" [GeV] Q [GeV’] Q* [GeV’] Q* [GeV’] Q" [GeV']
* error bars for moderate 10fb-! per c.m.s. energy: bands parameterize current DSSV+ uncertainties
BROOKHEVEN
Brookhaven Science Associates NATIONAL LABORATORY
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DIS scaling violations mainly determine Ag at small x

in addition, SIDIS data provide detailed flavor separation of quark sea

0.04

0.02

002 F
I DSSV

0.04 I B DSSV+ & EIC 5x100, 5%250 1t

004

002

0.02

-0.04

67

XAu _ :

all uncertainties for AX2=9

xAd _

BRI ! II:""I LY |

1 XAg ]
: dramatic reduction ]
of uncertainties:

1 o.

0.04

0.02

0

1-0.02

-0.04

03

] 02

[u—

-0.1

-0.2

yet, small x behavior completely

unconstrained
- determines x-integral,
which enters proton spin sum

* includes only "stage-1 data"

* can be pushed to x=10-% with
20 x 250 GeV data

“issues”:

* (SI)DIS @ eRHIC limited by

systematic uncertainties

need to control rel. lumi,
polarimetry, detector performance,
~ very well

NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer
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1

@* -y I /

> ¢ = o

= 4

bvcCs d

xg F(xg,b) (fm™)

D. Mueller, K. Kumericki
S. Fazio, and ECA

Compass-Collaboration, July 2013, Erlangen

08 1

06 1

04 r

0.2

0

DVES AT eRHIC

0.01

0.005

15 17 19 21 |

large t

0.004 < x < 0.0063
10 GeV2 < Q2 < 17.8 GeV?

small

0

02 04 06 08 1 12 14 16
b (fm)
BROOKHEVEN
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http://arxiv.org/abs/arXiv:1304.0077

* *

T +7T

2
BH "~ DVCS DVCS TBH DVCs |

@ DVES ASYMMETRIES
o~ (’c

2
)+ 1T, [P+ T

u
‘{-’*

- different charges: e* e-:

Ao ~ cos¢ ‘Re{ H -%ﬁ+ ¥ - H

Ao, ~ sing:Im{H -y&ﬁ +KE} - &UT

. = ~~ X
AGUL ™ Slh(l)'lm{H +/%I‘r+ ...} ||-\ beun target

Aoyy ~ singIm{k(H-E)+4"..}  wsp H E

£ =x/(2-xg) k=1t/4M2 kinematically suppressed
BROOKHRVEN
Brookhaven Science Associates NATIONAL LABORATORY
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CONSTRAIN J, VIA 6PD E

observables sensitive to E: Q DVCS A,; : HERMES
(J, input parameter in ansatz for E) Q nDVCS A, : Hall A
Hermes DVCS-TTSA [arXiv: 0802.2499]: A;‘]i;(q"q’r)c“sq’ ~Im(F,H - F,E)
= of ST R i: Avrg m ]
= [ | T Lp--1 W08
£ -0.2 T T -1 | Jo J— N
E = - -
<D_04 i 1T | + — VGG -
— 0 02 04 06 0 0I 02 03 0 2 4 6 8 10
overall -t (GeVZ) Xp Q2 (GeVZ)
eRHIC: T E
HERMES like A,r
20 GeV x 250 GeV
Lumi: 2x50fb-!
Brookhaven Science Associates E\ﬁ{gl\]lll(!!&‘\'lEE

Compass-Collaboration, July 2013, Erlangen BOC. Aschenauer



HOW MANY GLUONS HAVE SPACE IN A PROTON?

A at small x linear evolution gives strongly small x / higher energy
rising g(x)

» cannot go on forever X = Ppomn/ Prucleon
QBK/JIMWLK non-linear evolution includes\

recombination effects 2 saturation
» Dynamically generated scale
Saturation Scale: Q3 (x) |
» Increases with energy or decreasing x

> Scale with Q?/Q?((x) instead of x and Q?
In QZ(Y) |
50@ /”;,cp ‘\;_.,\ :\\ j %}
,-3 ‘..__\.\\
e)

Bremsstrahlung Recombination

In 1/x

Y=

N ~ asIn(1/x) ~ P

@ . : =

o @ DGLAP Saturation must set in at

(@) —_—

C o

. - low x > high occupancy
. In A;CZ!CD a~1 a; <« 1 InQ
BROOKHRAVEN

Br%){haven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



HARD DIFFRACTION IN DIS AT SMALL X
T e ] L ST

- amwmd e el I

IGeV?)

Diffraction Analogy: plane

monochromatic wave incident on a
circular screen of radius R
pugm _H T S
E E
- Coherent/Elastic
A 0 91/\92 8 6 Angle
. LRI
. ] info nucleons (nucleons intact
» incoherent < breakup of p « ::\r;:\':u;r:?:i::c::?sn )
» HERA: 15% of all events » Pradisitet ‘r/c v
Brookhaven g%#\h&g‘g diferCTive r‘e .c .ons. Od.ff a"‘OT 'n mfu LABORATORY
2 Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



HARD DIFFRACTION IN DIS AT SMALL X

* t ( A—>JI A
* 15Hs ghe momen&mofrachon
the struck péirtoif WEYVCt
¢ Pomeron 3

D
do/dt (nb/GeV?)
3 2

L Xpp | - %/P-momentum. ..
» 5 frartion of PREEXERged
ol [ [ X My) 2 object (Pomeron) w.r.t. the
f % 1{';! Coherent -
f . argest rapidity go]

gap in event

or

b breakup offA
1N -
d*o ' v\ & y? :
4 D o — oA _y+ ( Q27B)t)__ L (x7Q27ﬂat)
drd@=dBdtes o P2\ 12 2
t (GeV?) t (GeV?)

® Diffraction in e+A:
» coherent diffraction (nuclei intact)
> incoherent < breakup of p : ::\::1‘:";;?;;:::::; (wucleons intact)

» HERA: 15% of all events ™ .
_are hard diffractive » Predictions: gdiff/0tot in cmm?m
73

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer

® Diffraction in e+p:
» coherent & p intact



LARGE RAPIDITY GAP METHOD (LREG)

0 Identify Most Forward Going

Particle (MFP)

> Works at HERA but at higher /s Diffractive p° production at EIC:
» EIC smaller beam rapidities n of MFP

M. Lament ' 10

max 3 F« 2 00GoV DI
- 5+100 GeV - DIS
Other particles (if any) 0.1 — ;gﬂgg ggg i B:g
. A | I 34100 Gev. DIl
-~ A - T 304300 Gev D
: 1l 008 || 0 e 204100 GeV - Diff
Rapidity Gap S 30+100 GeV - Diff
I Y i
~ DetectorAcceptance .
- : . 0.06/ DIS
“E]:lz‘-:m 0 TlEeam i
p/A direction e direction 0.04+
Hermeticity requirement: _ . Diffractive
® needs just to detector presence 0.02" L,
* does not need momentum or PID : ) i,

* simulations: /s not a show stopper for EIC o Bu‘..éu e ;4 )
(can achieve 1% contamination, 80% RO rapidity
fificiancy) BROOKHEVEN
Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



WHY IS DIFFRACTION SQ IMPORTANT

O Sensitive to spatial gluon distribution ] e+Aullllllg2;\:—6Jh|1AM|
. . : Ap; ~ 10 MeVic
do _ Fourier Transformation .
dt of Source Density p,(b) S imsheroibrcaiup
Q Hot *Opic: %103__ Coherent _
» Lumpiness? ° :
» Just Wood-Saxon+nucleon g(b) 0 E
Q Incoherent case: measure fluctuations/lumpiness ;
in g.(b) TR
eq o . . o t(GeVz)
Q Sensitive to gluon momentum distributions
> o ~ g(x, Q) -2 .
* 2 ' r‘ E ( Z)r——r— é:Vﬂhp.cp.p
do?" PPV [ 40 g\ it
dt V d?b ,
do,,
2~ r?axg(x,u*)T (b)

Brookhaven Science Associates

Compass-Collaboration, July 2013, Erlangen

NATIONAL LABORATORY
E.C. Aschenauer



DIHADRON CORRELATIONS IN eA AT EIC

EIC: Perfect saturation signature:
» Extract the spatial multi-gluon J//
correlations and study their non- S

linear evolution

O essential for understanding the
transition from a deconfined into a
confined state.

Advantage over p(d)A: {*"J‘

> eA experimentally much cleaner  Either jefs or use leading
hadrons from jets (dihadrons)
O no “spectator” background to
subtract

O Access to the exact kinematics of
the DIS process (x, Q?)

Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



h-h FORWARD CORRELATION IN p(d)A AT RHIC

side-view beam-view
large-x1 (q dominated)

)
low-x2 (9 dominated)

Low gluon density (pp): High gluon density (pA):

pPQCD predicts 2—2 process 2 — many process

= back-to-back di-jet = expect broadening of away-side

> Small-x evolution «— multiple emissions
> Multiple emissions — broadening

> Back-to-back jets (here leading hadrons) may get broadening in
pt with a spread of the order of Qs

First prediction by: C. Marquet (' 07)
Latest review: Stasto, Xiao, Yuan arXiv:1109.1817 (Sep. "11)

Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



FORWARD CORRELATIONS IN dA AT RHIC

1 question, 2 answers

Initial state saturation model

Away sidepartonrandomized A‘I‘bﬂeﬁe,—Mﬁl‘que?
bysvoneol B C dAU, Vs = 200 GeV
d+Au — ﬁ°ﬁ°+}(, g = 200 GeV, 2000 < Qe < 4000
$  o03[ pu>2GEV/c, 1GeV/c<prs<py
Lo i < >=3.1, <mp> =3
£ §obpsl i
g% - [
'ué‘ 0.::2: i
T3 K
i a |
220.0J5
=T F eripheral
10T Lf Ll A ik
001 sl Ay o —= central
- | 0. 0484002 . . |1
0,005:— STAR 103 #~ 1.75£0.21 102
B. Xiao _j af. 2012
[ Prellmlnqry
DIIIIlIIIIIIII|IIII|IIII|IIII|I
=1 0 1 z 3 4 5
Dy
hstdir2.20091004.2 20081120

Brookhaven Science Associates

15

05

“Non-initial state” shadowing model
S shadowing+e-loss ~ -—-—- shadowing
- by, 1<0.35 3 0<y,<38 mid-forward
f_ R I == % """ A]li --)Etg—- TTTTTTTTU LT T R
1 1 1 1 1 1 I 1 I 1 1 1 I 1 I 1 1 1 1 I 1 1 1
. % 3 0<y,,<38 forward-forward
o A PR L
2 S i
Eoov0 1 | - PR [N
2 4 6 8 10 12 14 16 18
Ncn]l
-1 L 1 AL 4 3 3
At (rad)

(217 a0 =

How saturated is the initial state? eBrooknaven

Compass-Collaboration, July 2013, Erlangen
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http://arxiv.org/abs/1112.6021v1

DI-HADRON CORRELATIONS IN dA

comparisons between d+Au — h; h, X
(o;*-Au — h; h, X' ) and p+p — h1 h,

uF - deAUFTPC-AUO20% - O At y=0, suppression of away-side

3 | - —pepmin.bias  Sipe jet is observed in A+A collisions

= - * Au+Au Central s o .

s - O No suppression in p+p or d+A

g ] > x~10-2

=

- | ) . AL P ! 2

! """"""" R &5 % '. it .;"**t'*.), et LY 3] xA = kle :/*-Ekze <<1
L | L | MR | L | L é L i. MR
A ¢ (radians)
. p+p — T +X, va = 200 GV d+AU = TRP+X, vs = 200 GaV, 2000<T Qe < 4000
2 0.0225F Tp,>2 Ge\f/i. 1>Ge;/2c<<m,sjpg1 8 003 pu>2Gev/c, 16eV/c<prs<py Q HOWQVGI", at forward
%'T: 0‘02;_ m>=3.2, <ns>=3. -%%: r | L >=3.1, <ng>=3.2 o feg e . -
T TSoost Ml — ccoromen rgpndmes (y : 3.‘1), an away
A 25 ool side suppression is observed
g% 0125F g;g i ff++ in dAu
c8 . 2730015 *ue
S5 001F =T
o [ Peaks

0.0075¢ S vo O Away-side peak also much

0005 ke s o-oﬂsﬁ'\s'TAR n 175£021 wider in d+Au compared to

s iy TSNS Pretming P PP

Loy, J SRS Pgen) 3%~ 10 BRODKHAUEN
by

s Compass-Callaboration, July 3013. Erlangen E.C. Aschenauer



eA DIHADRON CORRELATIONS STUDIES

Theory: Saturation
Dominguez, Xiao, Yuan, Lee, Zheng '11/12

Exp: Saturation versus
“conventional” scenario

J.H. Lee, L. Zheng (CCNV) '11/12

(R Q|2=|1 IG(levl2 L EIC stage-ll pl9%er 5 2 GeVic
B SRR R R 0217 rigt=101Mb-VA 1 < p3SS0C < plrigger
\ EIC stage-|| - ni<4
S\ YLdt=101b"/A = 0%
Lo\ N eAu - nosat
3 ‘ = -
< ol
o 01
UV'Ilb o Z
‘grssoc < ptrigger i
D 0.05 |- |
- A €Au - sat
002 2 e | A < St
-30 EI‘—II‘--‘I/l-?.ISI | | - I-I2| | |-1I .I5I | | L1 I-1I | I.:. 0 : Ili I In I In I || I In I In I I I I I I " I In In . ||
o 25 108,008 4 45 2 25 35 4 45

Ag

Q eA-MC: Pythia6.4 + nPDF (EPS09) + nuclear geometry from DPMJetIII without PS
Q Here for 10 fb-1/A (~ 20 weeks), std. experimental cuts
Q Clear signal, pronounced differences between sat and no-sat

Brookhaven Science Associates

Compass-Collaboration, July 2013, Erlangen
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DEEP INELASTIC SCATTERING - VACUUM

@ What happens if we add a nuclear medium

Observables:
Broadening: Ap;? linked directly with saturation scale Ap3=<P3> A—<P¢2 >P

Attenuation: ratio of hadron production in A to d R"(Q?,x,2,p,.0)
modifications of nPDF cancel out

BROOKHREVEN

Brookhaven Science Associates NATIONAL LABORATORY

Compass-Collaboration, July 2013, Erlangen E.C. Aschenauer



WHAT DO WE KNOW AND WHAT CAN EIC DO

Hermes:

® DO mesons

Pb
1.40 - - 35GeV m pions
Ee = 27 GeV 9 fS = 7.2 \(/)2=10GeV2 —— DO (10% less energy loss)
E, = 2-15 GeV
1.00

Multiplicity Ratio

8 <Q2<12 GeV2

+ .
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MEASURING F. WITH THE EIC (I1)

In order to extract F, one needs at least two measurements of the inclusive
cross section with “wide” span in inelasticity parameter y (Q? = sxy)

F, requires runs at various /s = longer program

10°

e+A: e EIC studies:
5 GeV on 10, 25, 50 GeV/n | 000000 Ly

5 GeV on 25, 50, 75 GeV/in !
5 GeV on 50, 75, 100 Geréw

= Statistical error is negligible
in essentially whole range

= Systematical Error

» Calibration

» Normalization

20 GeV on 50, 75, 100 GeV}fn
30 GeV on 50, 75, 100 Ge‘v‘:ln

23] » Experiment
04 » Radiative Corrections
E—
0.2 1
m_. 'I'.I.a""' i I'I'“'II. - 'III'I'I'“'I E T I'I"""“"I.ﬂ'l"lll' I'I]'“'I
1@ 0.1 @2 0.3 ®4 0.5 06 0.7 198 0.9 1 BHOUKHI"EN
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INCLUSIVE DIS IN EA: NUCLEAR POFS

d? eA—)eX_4 2
e JE x’gﬂ {1 y- 2JF 022 L(J{Qz)]

quark+anti-quark gluon

> Expect strong non-linear effects in FL

Au (A=197)

proton

Relative
contributions of
higher twist
effects to FL
amplified in eA

(Fy - FE™™ 7™y,
ey
T,

(Fy - ™

S

3
o
Y
1 }cf

-4
1

"Oﬁ'm{’x;l - 2 e
Dipole model (J. Bartels et al.) BROOKHRAEN
Brookhaven Science Associates NATIONAL LABORATORY
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INCLUSIVE DIS IN EA: NUCLEAR PDFS

12 12
- Q2=27GeVe x =103 stat. errors enlarged (x 50) - Q2=27GeV2 x =103 stat. errors enlarged (x 5)
- sys. uncertainty bar to scale F sys. uncertainty bar to scale
1~ {--mmmeee E RRREEEEEEEE 4------ - (ISEEENCERE U TETERETERRTERE pommm e e I
dx 08 & 08l
L ! T I
< I < [
—_— 3 — -
{N 06 i" 0.6 -
i _ Beam Energies AJLdt i I
o 5 on 50 GeV 2fb _
T 04T son75Gev  4fb B rcBK o 04F .
50n 100 GeV  4fb? [0 EPS09 (CTEQ) - _Beam Energies
02k 0ol 50n50GeV 2fb
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- { | } - 5on100 GeV 4ib! [ EPS09 (CTEQ)
D I L 1 | 1 L 1 1 I L 1 1 1 I 1 1 1 L | 1 1 L 1 | 1 1 1 1 | 1 1 1 1 I n L 1 1 | 1 1 1 1 I L 1 1 1 I 1 1 1 Il | 1 1 L 1 | 1 L 1 1 I L 1 1 1 I
1 2 3 4 5 6 7 1 2 3 4 5 6 7
A% A%

> measurement of FL requires running at different [3
> F2, FL: negligible stat. error, systematics dominated

> A dependence helps to discriminate between linear and non-linear
(saturation) models

> Precision nPDF: Huge impact on pA, AA programs
BROOKHRUVEN
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P! THE HADRONIC MASS PUZZLE

quark
<
9
nucleon 0 Bhaguar 4 2 & Tandy, ATP Cont Proc. 842 (2006) 225227
' | ! T ! |
Q In QCD, all “constants” of quantum mechanics 04F) e
are actually strongly momentum dependent: N7 Mass me nothing!
couplings, number d@ﬂSi"’Y4 mass, etfc. ;0‘3 X : m =0 (Chiral i)
Q So, a quark's mass depends on its momentum. %02_ ——
O Mass function can calculated and is depicted =
here. ol
in agreement: the vast bulk of the light-quark mass
comes from a cloud of gluons, dragged along by the o———F———— 3
quark as it propagates. e e ——
Q Continuum- and Lattice-QCD Y mZ(k?) = m*/(k*+m 2)
Q Running gluon mass S Ej :
Q Gluon is massless in UV, in agreement with pQCD N% 0al
Q Massive in infrared o gof
0 me(0) = 0.67-0.81 GeV -
0 me(me?) = 0.53-0.64 GeV o et
0 DSE prediction confirmed by numerical @ (cev?)
sSimulations.of lattice-regularised QCD Qinet al., Phys. Rev. € 84 042202 (Rapid Comm.)
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DEEP INELASTIC SCATTERING

Kinematics:
ek, 0'=—q*=—(k —k’)* Measure of
hooou resolution
e (k) 0’ =2E E'(1-cos® ) Ppower
’ ’
ye Pq _ 4 E’ cos? O | Measure of
pk E D) inelasticity
0> Q° Measure of
> X (p, /) A= = momentum
I'l &
P (p,) 2P4 Y fraction of
struck quark
Gluon splits Quark splits
into quarks into gluon
N 2 £ splits
z 4 into quarks ..
% Valence o
= quark 10‘16
5‘ ? ‘E(ia"quark
momentum 5 7
fraction x ; Valence
g quar]::;
momentum 10-1%m™ higher /s

increases resoltebOHEUEN

TN NATIONAL LABORATORY
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