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The holographic light-front Schrédinger Equation
[ 1}

The holographic light-front Schrodinger Equation

Brodsky & de Téramond (PRL, 2009) ‘

Brodsky, de Téramond, Dosch & Erlich (Phys. Rep. 2015) ‘

<‘;<2 - ueﬂ(c)) 6(C) = M?6(C) J

¢? = x(1 — x)b? : key light-front variable for bound states.
x = kT /PT : light-front momentum fraction of quark.

b, : transverse distance between quark and antiquark.

U.rr : effective potential.

No quantum loops (no Aqcp)

} semiclassical approximation
Massless quarks (ms — 0)
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The holographic light-front Schrédinger Equation
oce

A unique confinement potential

’ Brodsky, Teramond & Dosch, Phys. Lett. B 729, (2014) ‘
Conformal SB AdS/QCD

~ = —N—
Ug(O) =  K*C?  +25%(J—1)

@ Mass scale k emerges as the strength of unique harmonic

oscillator potential.
o AdS/QCD mapping : ¢ + z5 (25 is 5™ dimension of AdS)
gives the spin term 2x2(J — 1) in potential.

Meson light-front wavefunction :

V(x, ¢ p) = —==F(x)e'?

e Fixes f(x) = y/x(1 — x) in wavefunction.
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Dynamical spin effects
®00

Restoring dependence on quark masses

@ In momentum space, 'complete’ invariant mass of gg pair

k2 o k? + m?
x(1-=x)  x(1-x)

2 _
qu/ -

Brodsky, de Téramond, Subnuclear Series Proc. (2009) ‘

@ Pseudoscalar meson wavefunction becomes

mass term
P 2 /4;2C2 m%
VP, = NVAT =R oo | < e | =g

e my are effective quark masses (because of coupling of valence
sector to higher Fock sectors).
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Dynamical spin effects
oeo

Restoring dependence on quark spins

@ In semiclassical approximation :
P 2 ! P 2 non dynamical
v (X7€7)‘7>‘):\U (Xag)xs)\,)\/

with
non dynamical
S = A0 —x

@ Normalization

Z/d2bdx\\ll7r(x, N2 =1

AN
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Dynamical spin effects
ooe

Dyna m icaI spin effects M. Ahmady, CM, R. Sandapen, PRD 98 (2018)

W(x, ki) = W(x ki, A N) = W(x, ki) x Syv(x ki)

@ For pseudoscalar meson, we use

from (P - y)~°
——

denamical(x kJ_) _ VA’(Xv kJ_) MI% ,y+,.)/5 +BMP’yS Uy (Xv kJ_)

- VI-—x | 2P NG
dynamical non dynamical 1
5)\3\,/ (Xv kL)’B:O — 5)\)\/ Y = 7)\(5)\7_>\/

V2
@ We call B the dynamical spin parameter:
@ B # 0: dynamical spin effects.
@ B > 1: maximal dynamical spin effects.
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Predicting observables
©000

Charge radii M. Ahmady, CM, R. Sandapen, PRD 98 (2018)

@ universal AdS/QCD scale: x = (523 £ 24) MeV.
o quark masses: [m, 4, ms] = ([330,500] & 30) MeV.

1/2
\/(r3) = B/dxd%L[bL(l — X)|Wp(x,b1)|?

Pl B o), )\ Jud), )

7| 0 [0.543 £0.022

e 7t maximal (B > 1)
dynamical spin preferred

1 ]0.673 £0.034 | 0.672 £ 0.008

. > 1]0.684 +0.035

e K*: no (B = 0) dynamical >
. " -

spin preferred K*| 0 [0.615£0.038

1 10.778 £ 0.065 | 0.560 £ 0.031

> 1{0.815+0.070
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Predicting observables
0e00

Spacel ike EM form factors M. Ahmady, CM, R. Sandapen, PRD 98 (2018)

’ Drell & Yan (PRL, 70); West (PRL, 70) ‘

Fen(Q?) = 27r/dxdbL by Jo[(1 —x)br Q] [WF(x,b)[?

1 = CERN (86) FERMILAB (80)
= JLab (07) T °  CERN (86)
«  Harvard (74) +  Asymptotic pQCD
08 < Harvard (76)
> Comell (77) 08
*  Jiab (01)
06 © JLab(06)
o = Asymptotic pQCD) o 08
< ---B=0 <]
w" o4 - =Bt u¥
B>>1 04
02
02|
of
of
107 107" 10° 10! 107 107" o 10!

1
Q%[GeVd] Q%[GeV?]

7 maximal (B >> 1) dynamical spin. K*: no (B = 0) dynamical spin.
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Predicting observables
ooeo

Decay constants M. Ahmady, CM, R. Sandapen, PRD 98 (2018)

(0[ Wyt ysW|P) = fpp*

fp—2\/>/d{ 1—X)M2)+Bmf/w}(1(i3

P | B |ff MeV]| fE®[MeV]

=0

o 7t maximal (B > 1) 0| 162+8
dynamical spin preferred £ 1| 13845 [130+£0.04 402
> 1| 13546

e K*: no (B = 0) dynamical

) 0| 156+8
spin preferred
K*| 1 | 142+7 156 +0.5
> 1| 13546
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Predicting observables
oooe

T—>7Y transition form factor M. Ahmady, CM, R. Sandapen, PRD 98 (2018)

’ Lepage & Brodsky, PRD (1980) ‘ Bont
1.6
TN
meson DA 12 /7’/ \\x\
—a V4 N
(Q2 d SDP X XQ) oy "7 ----- 1=0316 GeV %.
P 1=1 Ge!
’Y X 04 / i;:;.?s\éev \
/: Asymptotic \
g E791 di-jet data \
0 0.2 04 0.6 0.8 1
X
@ Meson DA is obtained from
holographic wavefunction ’
0.3
0.25] % %
. . s i
e Maximal (B > 1) dynamical RS R T S froe Ji
Spln preferred for plon © - “‘;" ----- without QCD evolution (B=0)
011 without QCD evolution (B>>1)
L BaBar (09)
v Belle (12)
’ talked by M. Ding (17 Aug) & R. Khepani (17 Aug) ‘ % Y
0 5 10 15 20 25 30 35
Q?[GeV?
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Wigner distributions, GPDs,
®0000

Wigner distributions | talked by D. Sokhan (19 Aug) & S. Nair (20 Aug) |

+
Unpolarized quark : pyy(b , k) = ph ](bL, k)

@ Defined as :
puv [GeV=2fm2

Correlator 04
] DL _ia b, T “
o (bi,n,xﬁaz/(zﬂ)ze NI |
@ Generalized correlator : E
WA, ki, x8) = /dz 4’21 s
ki, x; e o
Lot 2 (2m)3

puv [GeV—2fn2,

(ue s (= 3)ig.a0 (5) i)
Drell-Yan frame (A* = 0) f
@ k, =0.3 GeV (in b, space)
b, = 0.3 fm (in k| space)

b, fim]

Ahmady, CM, Sandapen, Zhao : work in progress 12/19



Wigner distributions, GPDs
0®000

Wigner d iStribUtiOI’IS Ahmady, CM, Sandapen, Zhao : work in progress

Longitudinally polarized : Transversely polarized :

o+ : S
pury ki) = o (b, k) F]UT(hJ_akJ_):ﬂ[ b k)

pur [GeV2fm 2

pur [GeV 22|
05 s
o4
o5
s
04
02|
o2 25
0} | o 2
- 02
= 04 o
02 06
08
os
04 B
o4 02 0 02 04
ke [GoV
puL [GeV =22
06| 06 06| 0.8
os
o4
e
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o2 b
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o
02 - 02
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05
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b, [fm] b, [fm]
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Wigner distributions, GPDs,
00®00

Tra nsverse Spin density Ahmady, CM, Sandapen, Zhao : work in progress

@ Defined as

p"(biys1)

1 n—1
R O IRET)

i ij o
s el b,

1 > >
> [ Anp(bl) — B'ITI:O(bL)] )

@ The moments of GPDs:

LI e 2 w2
/0 dex" T HT (x, B) = AT(62),

1 1w > T 2
[, X ET b 1) = Bro(bL) -

@ Reasonable agreement with
Lattice QCD

bylfm)

_oslN=11 O osln=1
-06-04-02 0 02 04 06 -06-04-02 0 02 04 06
bxlfm] bylfm]

Lattice: D. Brommel et. al., PRL 101, 122001 (2008)
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Wigner distributions, GPDs,
000®0

TM DS M. Ahmady, CM, R. Sandapen, arXiv:1907.06561 (2019)

Unpolarized TMD

Wigner Distributions

Wiskyr)

fitx, k)

Parton Distribution Functions Form Factors

0.6 1.0

Boer-Mulders TMD
@ Boer-Mulders function

generated by the

perturbative kernel in FSI
e No dynamical spin (B = 0) w

— BM function vanishes
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PDF

M. Ahmady, CM, R. Sandapen, PRD 98 (2018)
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Maximal (B > 1) dynamical spin preferred for pion

Wigner distributions, GPDs, TMLC
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Conclusions

@ Dynamical spin effects are maximal in pion but negligible in
kaon.

@ Dynamical spin in pion leads to an excellent description of a
wide range of data: the decay constant, charge radius,
spacelike EM and transition form factors, PDA, PDF...

@ Wigner distributions for different quarks polarization have
been discussed.

@ Transverse spin structure is consistent with Lattice QCD
prediction.

Thank you for your attention J
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Massless pseudoscalars

Solving the holographic LF Schrodinger Equation

(_;’@ - 1;5} + ueﬁ(<)> 9(¢) = M*6(0)

@ with
Uert(¢) = K*¢? + 2k%(J — 1)

@ gives

M2 = (4n + 2L + 2)K2 + 2r2(J — 1) )

@ Predicts Regge trajectories with massless ground states
(h=L=J=0).

@ Identify with the Goldstone bosons (7, K, 1) of spontaneous
chiral symmetry breaking in QCD.
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Fixing the fundamental AdS/QCD scale

Regge slopes global fits

Reference Fit k[MeV]
Brodsky et al. [Phys. Rep. 15] Mesons 540-590
Brodsky et al. [IJMD, 16] Mesons & Baryons 523

Universal £ ~ 500 MeV successfully predicts

e Diffractive p production ’Forshaw&Sandapen (PRL, 2012)\

o D|fFraCt|Ve ¢ prOd UCtion ’ Ahmady, Sandapen, Sharma (PRD, 2016) ‘

e Aqcp to 5-loops in MS

Brodsky, Deur, de Téramond (J.Phys, 2017) ‘
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