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Overview:

introduction: what do EMT and d; tell us about the nucleon?
rely on insights from models (consistency of models!)

chiral quark soliton, Skyrme, bag model

stability and sign of D-term d;

lesson from (@-balls

conclusions



1. Introduction How to learn about nucleon?
|IN) = strong interaction particle.

em: 9,Jbm =0

(N'|Jem|N) Q, py -

weak: PCAC

(N'|JE L IN)  — 9A, Ipr - -

gravity: O, Tiray =

(N'|Tgrav|N) — M, J, dq, ...

1t global properties:

Qprot
Kprot
ga

dp
M

J
di
2"d partonic structure: ..

1.602176487(40) x 1071°C
2.792847356(23)uy
1.2694(28)

8-12

038.272013(23) MeV

1

377

can access from GPDs in hard exclusive reactions
Muller et al, Ji, Radyushkin, Collins et al 1990s
—— only way for EMT form factors



How do EMT form factors look like?

e insights from models, lattice QCD, xPT
(see below)

Highlight humber 1:

e Spin decomposition!
Xiang-Dong Ji, PRL 78 (1997) 610
discussions in literature, at this workshop, ...

What is d7?

e /ast unknown global nucleon characteristics
(certainly not last. But interesting!)

e what’'s the physical meaning?
M.V.Polyakov, PLB 555, 57 (2003)

e Which value does it have?
(models, lattice, xPT)



Recall definition of 'unpolarized GPDs’
(everything starts & ends with GPDs)

%eq)\x <N(p/)|@q(_)‘2—n) nuyH [—)é—n,)é_n]¢Q(A7n) [N(P))

= 0y m ) H, €, ) 455 meB ) (€, 1)

Py = (P +P)/2
A=P -P

t=A?
¢=(n-0)/(n-Pa)
n = light-like vector
k = Py

analog gluon GPDs

(scale dependence not indicated)

N(R,~ ) N'(R,+ %)



Polynomiality «— Lorentz invariance, time-reversal, hermiticity in QCD
Mellin moments of H(x,&,t), E(x,£,t) = polynomials in &2

even N:

Jaz N HI@ e 0) = hE )+ mEV 0 & 4+ nE Y ) €Y
JazeN B, t) = N () + f NV 0 4+ AN (1) €N

with h%N)(t) = —e‘}V(N)(t) for spin % particle

odd N: highest power is ¢V—1

minimal requirement no. 1 for a consistent model



x-dependence of | HY(x,&,t), E9(x,&,t)

-~

infinitely many form factors:

Each form factor:
- related to a local matrix element

N=1: hlP ),
N =2 hlP @),
N =3 hl®w),
N =4: hil® ),
N =5 hl®®),

N =6: hl® @),

- contains different information

el (1 (1)
@y, L@ @)
@@, L), @)
@@, @), LD @), @)
W), 1O @), L1, O, )

h£(6) (1), h£(6)(t), h£(6) (1), €£(6) (1), 65(6) (1), 65(6) (1)

h{\,(N)(t) (N=2,4,6,...) Mellin moments of D-term (Polyakov, Weiss 1999)



N = 1: electromagnetic form factors Hofstadter et al, 1950s ...

S o4 /da: HY(z, ¢.1) = Fy (1) 3 el /dac E9(z,£,t) = Fo(t) what did we learn?
q q

€.g. GE(t) — Fl (t) + 4]\2]% FQ(t) — fd3’l“ pE(T) ei@? (t = —q?2, “textbook interpretation”)

GL(t) ~1/(1 —t/mg,)? magip = 0.84GeV, G}(0)=0

pR(r) in fm> pR(r) in fimi® —
N L T roT ] 1 I L DL L T roT ] "-[
] neutron ] RSN
0 exp(-Mgiph) 1 1 K ‘.‘
: n P n
T T pion cloud:
0 0.5 1 rinfm 0 0.5 1 rinfm spontaneous breaking

. . of chiral symmetr
continued interest: JLab Hall A G%(t), Hall C Q-weak Y y

e.g. precise data at low t constrain physics at TeV scale
(Young, Carlini, Thomas, Roche, PRL99 (2007) 122003)



Problem: 3D-charge distributions (wviier, Prc 8o (2009) 045210)
‘“text book” bu}rrel. corrections

Solution: 2D-impact parameter space GPDs at =0

~
exact!

momentum transfer L light-cone: ¢t = A2 = —Ai

Hi(x,b) = /d2AJ_ il by Hi(x,O0, —Ai)

b| = impact parameter

Matthias Burkardt, 2000

exact interpretation:

probability N(P)

— /dfl? GPD(z,b1) = pp(by)

GE(t) = [db, pp(b,) eB1b1

(Miller, Weiss, ... and later this week)



N = 2: energy-momentum tensor form factors

> [dea B 6,1) = +ME (1) + &P (1) €2

Z/dx r Bz, &,t) = 2J9(t) — Mg(t) — %d?(t) % gluons analog
q

we know:

Mg(O)zO.S at few GeV2: quarks carry half of nucleon momentum
we would like to know ( “highlight” ):

how do quarks 4+ gluons share nucleon spin? We need:

Z/dx v (H+ B (2,6,) = 2J2() and  |im J2(t) = J9(0) i, 1997
q —

other open questions:

What's the t-dependence of M»(t), J(t)? What is dq(t) good for?



N =3, 4, 5, ... further form factors
of what? Of operators ¥y, Dus,Dyuy - . . Dyytp
scale dependent quantities

each contains information on a different aspect of nucleon

N =1, 2 special

related to conserved (in QCD) currents

global properties Q, p, Mpny, J, dq
AN

the “last” unknown



2. Energy momentum tensor THY

THY fundamental object in field theory. In QCD TE,}G both gauge invariant

P, P
(PITC IRy = a(P)| M ) Y
M
+ JQ,G’(t) i(Puovp + Puoup) AP
DMy
G, DpDy — gD
MG R T LU
ARG (1) Vb + By . | |
2 using Gordon identity
+ BRG () i(Puovp + Puopp) AP equiv. decomposition:
AMp , Mo (t) = A(t)
+ QG () BuBr — g 2J(t) = B(t) + A(t)
M di(t) =5C(t)

c(t) because Tﬁ?jG not conserved separately, drops out from quark—+gluon sum.



Properties of form factors

total T, = Tﬁ% + TEV conserved

Ma(t) = MZ(t) + MS (),

J(t) = JOU) 4+ JC@),

di(t) = d?(t) —I—d?(t) scale independent (like Fi(t), Fx(t))
with

Mg(O) + MQG(O) 1 quarks 4+ gluons carry 100 % of momentum

quarks + gluons make up the nucleon spin

DO =

J9(0) + J%(0)

d9(0) + d¥ (0) dy what is that?

what ever it is (see soon):
dq(t) dictates asymptotics of unpolarized GPDs
(Goeke, Polyakov & Vanderhaeghen, Prog.Part.Nucl.Phys.47 (2001) 401)



What we (would like to) know
MzQ(O) = Jdz >}, xH%(x,0,0) = fdwquf%(a:) ~ 0.5 at p? ~ few GeV?2

half of momentum of (fast moving) nucleon carried by quarks, rest by gluons.

| Q 3nf c 16
asymptotically p — oo My'(0) = — L 3n and My"(0) = 15 + 3n
f I

(Gross, Wilczek, 1974)

ZJQ(O) = [dz Y}, z(H?+ E9)(x,0,0) = ?

i.e. percentage of nucleon spin due to quarks?

3n 16
asymptotically u — oo :  2J9(0) = L and 2JG(0) =
16 + 3n; 16 + 3n4

like M, (Ji, 1997)



Meaning of dq (t) (textbook interpretation ... Formulae nevertheless correct!!!)
M.V.Polyakov, PLB 555, 57 (2003)

Go to Breit frame where P/ = — P, i.e. E'! = E and A* = (0, A).

—

. . o 3 S N
Define static EMT: T,?,,(r, 5) = 21E/(d27§3 elAT (P’|Tf;2y|P>

with s = spin vector of respective nucleon at rest.

/
Then (gluon analog): JO(t) ‘|‘ JO(t) = /dsT@er ek s T%

2 e . 2
dQ(t)—l— dQ()—|—4t 9’ ‘1) = _MN /d37°e”A (MN-%&W) T (7)

'
Mo(t) — Y,

_ 4 _ 1 (3 iFfA o
> (Mg(t) 27(1) + 5d1(t)) =i /d r el AT (7 F)

in last equation (which is quark+gluon) take ¢t — 0: M>(0) = MLN fd3rToo(F, =1



with
/d3r Too(7) = My  known

. 1
J(O) = /d3’l“ 87"7k Si Ty TOk(F = 5 known

2

dl(O) = —TN /d3’l“ (TZTJ — %5”) Tz](’l? — d1 neW!

’I‘iTj

1
for spin 0 or i: Tij('F) — s('r)( -3 57:].) + p(’l“) 5ij

T)2

p(r) distribution of pressure inside hadron

T — ‘“mechanical properties”
s(r) related to distribution of shear forces



conservation of EMT

. 2 2
oMl =0 <&  V'T,(7) =0 implies: 5 S(ry+=s(r)+p'(r)=0
r

@)
—  ‘“stability condition” /dr 2 p(r) =0
0

minimal requirement no. 2 for consistent model: stability condition

15 M
finally dy(t) = QtN/d3r r2j0(rv/—=1) p(r)
@)
—— dj VS. pressure: di = 5tMpy /dr r* p(r)
0

1
or — di = — 3 MN/d3’r r2s(r)



What do we know about d;7?

e pion: 2d; = —M, soft-pion theorems (M.V.Polyakov and C.Weiss, 1999)
5 %1 2

e nucleus liquid drop model di < 0 «— “surface tension” (M.V.Polyakov, 2003)
(explicit calculations V.Guzey, M.Siddikov, 2006)

e Nucleon
large Ne limit: |d¥ + d}| = O(N2) > |d} — d¢| = O(N.)
chiral quark soliton model: d? ~ —4 (Petrov et al 1999, Kivel et al, high scale)
xP T (Chen, Ji 2001, Diehl Manashov, Schafer 2005, Ando, Chen, Kao 2006, ...)
lattice QCD at 2 GeV: d? < O (LHPC 2003, QCDSF 2004)

chiral quark soliton model: di = —4.8 (Goeke et al 2007, Wakamatsu)
Skyrme model: di{ = —6.6 (chiral limit, less with m, Cebulla et al 2007)
bag model: di = —1.4 (Matt Neubelt, PS, New England APS Fall Meeting 2011)

Q-balls: di < 0 always (Manuel Mai, masters thesis 2009; Mai & PS forthcoming)



Observation: d; seems always negative
Can we understand why?
Yes! (see models below)

When using models:

e minimal requirement no. 1: polynomiality (kinematics, Lorentz inv.)

/da: N1 GPD(z,&,t) = a(t) €V +b(t) 2 +c(t) €*...+dt) N (even W)

e minimal requirement no. 2: stability condition (dynamics!)
oo

/dr rzp(r) =0

0



3. Intuition on pressure, shear forces, d;

: -1
r'& s(r) in yR C
HLiquid dropﬂ p() Iql)l | IyI IdI | | | | I()
6 . P .
1 i fooosn) '
p(r) = pod(Rq—r) =5 poRqd(Rq—r) ar T
2 i -
s(r) = yo(Ry—r1) NS -
1 I ]
Y > Poiyq 2 | 1
— surface tension (Kelvin, 1858) . ] liquid drop |

P B R T B
0 1 rinRk
4 d
di = —ng;‘

o drlmcleus o A%/3 (since R« AY3, M.V.Polyakov, 2003)
e Nuclei can be approximated as “liquid drops” (Guzey, Siddikov, 2006)

e nucleon is more diffuse, no edge. How does it look like?



3. Chiral quark-soliton model
Chiral action S, = [d*z U (i@—M UV5—m)¥ with U = exp(iv577?/ fr)

e derived from instanton model of QCD vacuum Diakonov, Petrov 1984, ...

(“instanton packing fraction” pav/Rav ~ 3 small,

pav = instanton size, Ray = instanton separation)
o M = 350MeV, Ayt ~ pa_vl ~ 600 MeV, no adjustable parameters!

e integrate out quarks: Lo = %f%@”U@MUT + Gasser-Leutwyler-terms 4 ...
with all coefficients known.

e apply to the description of nucleon — chiral quark soliton model
Diakonov, Petrov, Pobylitsa 1988

e nucleon = soliton of chiral field U, in limit number of colors N. — large
Witten 1979

e interpolates: QCD (q,q,9) «—— model (q,q,7) «—— xPT (N, 7)



Description of nucleon

Euclidean correlation function
[ DT [DW [ DUJIN(T/2)JN(~=T/2) e=5eft ~ e MNT as T — oo

Solve in limit N.— large = minimize action/soliton energy éMy =0
yields 'self consistent’ field Us = exp(iTt%e%Ps(r))

Energy
. reg
occupied non-occ.
continuum
. 0_k 0 0 .
Hon = Endn, H= —iv"v"0, +~v"MU'5 +~v"m e E,
E, o0 eigenvalues of Hg (H with U7 — 1) ol
Features: M S
e Field theory! e e— T
e theoretically consistent T
e phenomenologically successful

e applications (N/[W(O)IFW(2)|N) = AY. ¢n(0)Fon(z) + ...



Applications of the model
e 'static properties’ (baryon mass splittings, )\/
e form factors (em, axial) up to [t| ~ O(1 GeV?)4/

o f{(2), g(x), h$(z) at pu~ pa, ~ 0.6 GeV
satisfy sum rules, positivity, inequalities!\/

e GPDs ('discovery of D-term’)
satisfy all requirements\/
including polynomiality!!ly/

e EMT form factors
same from T, and GPDs!y/

accuracy (10-30)% (higher orders in 1/N¢, instanton vacuum)
catches properties of nucleon due to chiral physics



Example:

(f fl_fllj) (X) x(Au+4d)§x) |
L L L L L L

B \ E866 PRD58, 092004 (1998) | 0.30 -
B \ CQSM PRD59, 034024 (1998) T '
= \ . I
- . 0.20 -

0.5 —~~+ﬁ\ - |
: —}vi{ﬁ : 0.10 -
i \+\\ . ’
i +_1>h{: T 0.00

o T T R T T T T R T R |I| 1 | e

0 0.1 0.2 0.3 X %0 02 04 06 08 «x

fl(z) at Q = 7.35GeV gi(z) at low scale vs. GRSV

disconnected diagrams included!

(DPPPW, Wakamatsu et al) satisfactory!\/
Many more examples.



Form factors of 1), in model

in model Tl?y is total Ty (gluons suppressed in instanton vacuum)
given by T, = % P (x) (iv“gw + WVEW — z’v“%y — iv’/%% W(x)

| T (0)|p) = Jd3xd3y ePY—IPX Dy D DU Jpi(— L, y) Teff(O)JN(T X)) eteff

results refer to |t| = O(N?) < M]% = O(N?)

Mat) = gz di () = 5 [@ p(r) do(rv/=D)

15MN /d3r () jo(?“\/——t)

31(7“\/—)
ry/ —t

c(t) = 0 quark T, conserved by itself in model\/

di(t) =

J(t) = 3/d3r 07(r)

with the “densities’ ...



with the “densities”’ defined as:

pp(r) = Nc Z En, QS;Q, ™) dn 7?)|reg = 1po(r) energy density
n,0CC
N — - 5 —
p(r) = ?C > oL () (YO78) pn(7)ljeqg = pressure
n,0CC
pi(r) = e S cbengh ()25 4 (Bn A+ )70 )én(R) 2L
241 5 J J E; — Ep Ireg

j,non

. “angular momentum density”
Now: test the consistency

important (technical) remark:
analytical manipulations in terms of evaluated quark wave-functions,

i.e. NnOo operator identities

but equations of motion & (M = 0 collective many-body phenomenon



Consistency
I My=[d3r Too(r) & My(0)=1,/

II J(O) = deI' pJ(T) = ... = %\/ (decomposition, evolution — Thomas, Wakamatsu)

0 o °
III [drr2p(r) < Y (n| (%9 p) |n) = O\/ if evaluated at true minimum U,!
0 n,0CC

IV same form factors from GPDs 4/
Vo JdeXgaH(x,€,t) = Ma(t) + 5 d1(t) €2 /

VI [dzY,z(HI+ E9)(z,&,t) =2J(@) +/

Ossmann et al, PRD71, 034011 (2005)

Model is consistent.
Let us see what it predicts.



Results: energy distribution Pe(r) _ Toolr) .

3

My o My (a)
| | —_— mnlz 140 MeV |

pp(0) = 1.7 GeV fm—3 = 3.0 x 1015g/cm3
~ 13 xnuclear matter equilibrium density 1r ]
distributed ‘similar’ to electric charge 0.5 - 7

. c 394 21 I T
chiral limit: r) ~ 3 (—) = at large r 0
/OE( ) 8nfr) 1o d 0 0.5 1 15 rinfm

Jd3r r2pp(r)

<7°2> = — 0.7 fm?2 similar to proton electric charge radius
BT [d3r pp(r)
. . 5\ __ ;099 81 g4 :
leading non-analytic term (r%) = (%) — 64 [2 M mx—+ higher orders

for my — O nucleon ‘grows’ (range of pion cloud increases)

reasonable & consistent picture



Compare:. energy vs. baryon number density

in Skyrme model Cebulla et al
e Dbaryon number density
— isoscalar charge density
e distributions similar at intermediate r
e sSignificant differences at large r
pE(r) o< =5 Vs. pe(r) < =

different chiral physics!

Picture in model.
And, in nature?

2

1.5

1

0.5

density in fm™ Skyrme model
e i i i i I i i i i I i i i i -
\ — To(NMy
Pg(r)
: . | P e B
0 0.5 1 rinfm



Angular momentum distribution 2 it @

L L
— m,;= 140MeV ]

o p;(r)ocr? at small r 02 L

o <7“3> = 1.3 fm?

5 0.1 F -

2 em>

2 times larger than (rz,) or (r

e in chiral limit: p;(r) ~ = at large 7

such that (r2) diverges 0 o5 1 15 rinfm



Pressure

p(r) in GeV fm™ €))
- o]
e p(0) =0.23GeV/fm3=4.1034N/m? -
~ (10—20) x (pressure in neutron star)
e p(0) x (typical hadronic area 1fm?) ]
1
~ 0.2GeV/fm ~ c x {string tension}
5 0 0.5 1 15 rinfm
: o 394 1
e chiral limit: p(r) ~ — (877]”77) 5 at large r
e consequence: derivative d{(0) = — 393 My -+ diverges in chiral limit
. 1 32 ﬂ_f% Mo o o e

e 7<057fm: p(r) >0 = repulsion <« quark core, Pauli principle

e 7>057fm: p(r) <0 = attraction <« pion cloud, binding forces



Compare to liquid drop

p(r) & s(r) in YRy (©) p(r) in GeV fm™ (a) «r) in GeV fm™ (b)
L L Tr 1 T T T
6 | . PO . 0.3 —— m=0 ] . L, ]
4 i S(r) et ] i —— my= 140 MeV ] 0.1 i - x: 140 MV
2 [ 1 02 i - ]
| \ ] ' SN/ -
L \/ J 01 I -1 : / \ i
_2 = - [ | / \\
i i 0l [ h
4 L liquid drop i - 0 _
M PR B M BT ST R SR M BT ST R SR
0 1 rinRy 0 0.5 1 15 rinfm 0 0.5 1 15 rinfm

nucleon does not resemble much a liquid drop
the “edge” is very diffuse (of course)

concept more useful for nuclei



Insights into stability of soliton e

My = mUin EsollU], EsollU] = Ne(Ejey + Econt) Recall: 7
e
2 . -1 ——
r“p(r) in GeV fm (c)
quark core -----
i pion cloud ——- ]
005 - total ——
2 level part: “quark core” — repulsion
0 [ \_;-—/,,
F o\ s . continuum: “pion cloud” — attraction
[ \\_//
-0.05 -
I | | 1 ]
0 0.5 1 15 rinfm
we learn:

e strong forces in nucleon really strong (even without glue)

e what we always knew (but now can quantify): nucleon stability due to
subtle balance between repulsive quark core and attractive pion cloud!



Stability & sign of D-term

rzp(r) in GeV fm™ (b) r4p(r) x%MNmT infm™
L LA LA L R AL N R L B R L B R B B B B B BN R R
0.01_- . 0-5:_
| . -+
0005: : Of
[ [+ : 05 | —_—
0f ! :
: \/ 1p
-0.005 . 15|
I IR SR R MM PP PSR B B B B S S SR
0 0.5 1 1.5 rinfm 0 0.5 1 15 2 2.5 3 3.5 4

oo
o [drrp(r) =0 \/
0
oo
e [dr r*p(r) <0, of course!
0

o d| = %MN [d3r r2p(r) < 0 natural consequence of stability!

dq1 negative, could be a theorem! Remains to be proven in general.



Results for form factors

M (t) (a) 2J(t) (b)

11 1|
08 | 08 |
06 | 06 |
04 | 04 |
02 | 02 |
ol v ] ol v ] /T SRR B R

0O 02 04 06 -tinGev? 0O 02 04 06 -tinGev? 0O 02 04 06 -tinGev?

Mdip(MQ) = 0.91 GeV Mdip(J) = 0.75 GeV Mdip(dl) = 0.65 GeV

2 . . F(O) f

for |t| < 1 GeV< reasonable approximation F'(t) = with

(1—t/M d1p

vs. electromagnetic form factors, for example, G%(t} with My, ~ 0.91 GeV

=> M>(t) similar to em form factors, J(t) and dq(t) different
Instructive: need to extrapolate from data at ¢t < 0 to get JY(0)!



4. MIT bag model
GPS & A(t), B(t), C(t) Ji, Melnitchouk, Song 1997

But how do the densities look like?
Matt Neubelt, UConn graduating senior

3w 41
M :/d3 T — min( 2 + 27 r3pB
N z Too(r) = mi ( =13 )

R

R
oM 4w
“N_p = My =— = /derp(r)zo

OR R

0 p(r) [MeV/HmS]

simple but fully consistent model!
: S |

di = — 1.4 < 0 negativel
vs. chiral models: magnitude smaller 0 \I
How does it look like in cloudy bag model? c

0 0.5 1 r [fm]



6. Q-balls s coleman, NPB262 (1985) 263, Lee, Wick, Friedberg, Sirlin 1970s
e Look for static solution (“solitons”) in: L = %mgbaﬂgb — V(o)

static: H = [dPz (3VigVie + V(¢))

dilations = — Az:  M(\) = 3 Esyf A2 + UpotA =P

M'()\) = 0 possible only in D = 1 space dimension

— no static soliton solutions in D > 2 dimensions (Derrick’s theorem)
e Coleman: consider £ = 38,¢*0 ¢ + 30750046 — V(|¢])

with glogal continous symmetry o¢(z) — e“tp(r)

conserved Noether charge Q = w [dPz ¢p(r)2 =w I

M = [dPx (3242 + LVipVip + V(9))



2
now dilations = — Az: M(\) = >\3% + 322" PEqyrr + A PUpot

3Q2 (2 — D) D
/ _ 2 —
M()‘) - ?A ‘I‘Esurf 2)\D—1 —Upotm -

O possiblein D> 2

more precisely, if w2 . < w? < w3,y Solitons may exist! w2 = min V(¢) /¢,

min
whax = V" (9)|s=0

Coleman: solitons do exist in limit w — wmin,
extended objects with constant density inside,
and sharp edge: (@-balls

what are @-balls good for?

can form in early universe (degrees of freedom, thermodynamics) (Coleman)
exist in SUSY extensions of standard model (Kusenko & Shaposhnikov 1998)
dark matter? baryon asymmetry in univers? neutron stars? (...)

how can they help us?
compute dq, study stability, and learn



charge distribution
pch(r)

(b)

CW?=0216 ——

_w’=2195 T

W=0250 — -
w?=0.360 :
w?=0.550
«?=0.800
w?=1.250
w?=1.800 ]
w’=2000
w’=2100 T
w’=2170 " -

pressure
p(r)

10 100

(d)

0.6
0.4 |
0.2 f

—_— N
0 F———r—r

-0.2 '
0.1 1

enegergy density
Too(r)

(©)

0.8 |
0.6
0.4 f-——

W ———

N

WP=0216 ——
w?=0250 — ]
«?=0.360
«?=0.550
«?=0.800
w?=1.550
«?=1.800
w?=2000
w’=2100 T ]
w’=2170 " -

L w’=2195 T

shear forces
(r)

100

(€)

03}
0.2 |
0.1 ¢

- — — N
0 -------- e T TS

10




e liMits w — wextreme UNder analytical control!

Y @)

e €.g. surface tension v 06
0.4 | .

02 ¢

0

0 02 04 06 0.8 1 W

e dq varies over 12 orders of magnitude

feels siz4e of sy45tem (and R — o0) iZi : ' : :

di = —gﬂ"yR \/ Kelvin 7=%p(O)R\/ 109;_ | -dl :_

1065— i i .

e O-balls like liquid drops for w — wrin ~ F | x
like nuclei (of course — neutron stars!) L

e and always di < 0

e but ()-balls not always stable: stability = di negative
(d1 < 0 necessary [not sufficient] condition for stability) Can d; be positive?77?
(Manuel Mai, masters thesis 2009; Mai & PS forthcoming)



7. Conclusions
e EMT form factors accessible via GPDs, promise fascinating new insights!

e energy density, strong forces (mechanical properties), rely on models
minimal theoretical requirements: polynomiality & stability

e illustration in chiral quark soliton model:
theoretically consistent (GPDs, polynomiality, stability, etc.)\/
successful: chiral dynamics important for understanding nucleon\/
(supporting results from Skyrme model)

e interesting lesson: chiral models, bag model, liquid drop: sign of di < 0O

e relation: if stable = di negative (not vice versa, lesson from Q-balls)

e unknown: rigorous field theoretical proof that di < 07 Can it be positive?
formulate in terms of 2D distributions? Lattice?? Experiment???

T hank you !
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What about m-dependence of EMT form factors?
Focus on dq(t)

QCDSF Gockeler, Horsley, Pleiter, Rakow, Schafer, Schierholz and Schroers, PRL 92,
042002 (2004); Nucl.Phys.Proc.Suppl. 128, 203 (2004)

Q _ -
Q= LW = 2Gev Observations:
2 - m, = 450 MeV
JSRERARERE IR e different t-ranges:  in model |t| < M%
Ot I e where overlap = agreement !
] + +' e chiral quark soliton model indicates
Ol - E = small t-behaviour different
- E = t-extrapolation possibly
QCDSF ® : _ )
-0.2 F dipol fit -~~~ underestimates dy (0)
3 extrapolated ® 3
' model ]
O3Bl
0 1 2 -tinGev?

1
d{(t)]j—g < — with m; — 0
K. Goeke et al, PRC75 (2007) 055207 My




