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Heavy-ion collisions

A. Mazeliauskas: Stages of heavy ion collision
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Final stages r > 10fm/c

-

Local equilibrium + ~ 10fm/c

-

QGP phase 7 ~ 1fm/c

Initial stage + ~ 0.1fm/c

Before the collision = < 0fm/c
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Heavy-ion collisions

Initial stage = ~0.1fm/c

A . . . .2
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Initial stage of pre-equilibrium

The glasma



BFKL evolution

> :
Smaller Bjorken x At high energy,
the nucleus contains

many soft gluons

At low energy,
valence quarks only

Farid Salazar, “From Quarks and Gluons to the Internal Dynamics of Hadrons” WOI‘kShOpE)'I 3 / 18
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At LHC energies, collision among dense gluon distributions
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" QCD at high energy

At LHC energies, collision among dense gluon distributions
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Emergence of a saturation scale Qs ~ 2 GeV: Glasma
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y QCD at high energy

At LHC energies, collision among dense gluon distributions

I

Emergence of a saturation scale Qs ~ 2 GeV: Glasma

I

described by the Color Glass Condensate formalism

L. McLerran and R. Venugopalan, Phys.Rev.D 49 (1994) 2233-2241%
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Color Glass Condensate

Condensate
High-gluon density,

QCD degrees of freedom classical dynamics

Glass

Quarks are static sources,
due to time dilation

L. McLerran and R. Venugopalan, Phys.Rev.D 49 (1994) 2233-2241%
Phys.Rev.D 49 (1994) 3352-3355%, Phys.Rev.D 50 (1994) 2225-2233% 5/18
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Color Glass Condensate in 241D
McLerran-Venugopalan (MV) initial conditions
(p"(x1)) =0,

(p*(x7)p" (yr)) = (g1)?0%6 (x1 — y7),

L. McLerran and R. Venugopalan, Phys.Rev.D 49 (1994) 2233-2241%
Phys.Rev.D 49 (1994) 3352-3355%, Phys.Rev.D 50 (1994) 2225-2233%
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Color Glass Condensate in 2+1D

J* by the hard partons = A* of the soft partons
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Color Glass Condensate in 241D
McLerran-Venugopalan (MV) initial conditions
(p"(x1)) =0,

(p*(x7)p" (yr)) = (g1)?0%6 (x1 — y7),

Classical dynamics of glasma, Yang Mills equations

D, F =0

L. McLerran and R. Venugopalan, Phys.Rev.D 49 (1994) 2233-2241%
Phys.Rev.D 49 (1994) 3352-3355%, Phys.Rev.D 50 (1994) 2225-2233%

6/18


https://inspirehep.net/literature/358358
https://inspirehep.net/literature/359612
https://inspirehep.net/literature/371739

Features of the glasma

Energy density in pA vs (z,y)

e=Tr| Ei + BE + E% + B%] [We can have space—dependent:}

proton structure
7=10.001 fm/c

7 =10.05 fm/c

7=0.2fm/c e(z,y) [GeVY

3

y [fm]

. 0
z [fm] x [fm]

Fields dilute after 67 ~ Q;! ~ O(0.1 fm/c)
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Features of the glasma
Energy density in pA vs (x,v)

e = Tr[Ef + B} + E3 + B3]

7 =0.001 fm/c e(z,y) [GeVY

Hotspots of size dxp ~ Q1 ~ O(0.1 fm)
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Features of the glasma

Fields in pA vs 7

[Longitudinal fields # 0]

\
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32x32x32 lattice, N = 400
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Features of the glasma

Fields in pA vs 7
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[Transverse fields emerge later]

32x32x32 lattice, N = 400
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Features of the glasma

[GeV]

T

Fields in pA vs

[Dilute fields after ~ 0.1 fm/c]

32x32x32 lattice, N = 400
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Heavy Quarks in glasma



Check also this talk:

M. L. Sambataro ® Oct 2, 2025° Hea\/y quarks

charm and beauty

High mass: probes of initial stages

Meparm = 1.3 GeV, M., = 4.2 GeV

A. Mazeliauskas: Stages of heavy ion collision®
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Check also this talk:

M. L. Sambataro ® Oct 2, 2025 HeaVy quarks
charm and beauty
t A '

N LN

®@ @Q@ @QQ

A
High mass: probes of initial stages

> ﬂ4_>>JAQC[y
early pQCD production

> M > Tqap:
no thermal production

¥ Tereation K TQGP:
probes of the collision

Meparm = 1.3 GeV, My, = 4.2 GeV
Tcreation ™ 1/2M

A. Mazeliauskas: Stages of heavy ion collision™
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Heavy Quarks in Yang-Mills fields

Wong equations

Classical transport in Yang-Mills background field A

Coordinate evolution Momentum evolution evolution
d pH d 1 Dy d u
Y Ho— T FHYL 7 — P
ar’ m ar’ TRg r{QF™} m dr ° = ig[Ay, Q] m

S. K. Wong, Nuovo Cim. A 65 (1970) 689-694%
U. W. Heinz, Annals Phys. 161 (1985) 48% 10 /18
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Heavy Quarks in Yang-Mills fields

Wong equations

Classical transport in Yang-Mills background field A

Coordinate evolution

d.,._7
dr m

Basically p = mv

S. K. Wong, Nuovo Cim. A 65 (1970) 689-694%
U. W. Heinz, Annals Phys. 161 (1985) 48% 10 /18
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Heavy Quarks in Yang-Mills fields

Wong equations

Classical transport in Yang-Mills background field A

Momentum evolution

d 1 DPv
—plt=—¢T Pl =
dTp TRQ r{Q }m

Basically F = q(E + v x B)

S. K. Wong, Nuovo Cim. A 65 (1970) 689-6947
U. W. Heinz, Annals Phys. 161 (1985) 487
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Heavy Quarks in Yang-Mills fields

Wong equations

Classical transport in Yang-Mills background field A#

evolution

1L
0= —igl4, Q12

Basically Color Rotation in SU(3)

Preserves Casimir invariants g5 = Q*Q® and ¢q3 = dachaQbQC

S. K. Wong, Nuovo Cim. A 65 (1970) 689-694%
U. W. Heinz, Annals Phys. 161 (1985) 48% 10 /18
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Heavy Quarks in Yang-Mills fields: pair potential

dpi . 1 iV

]2_(‘)‘/

m  Oxt

Classical projection of pQCD potential

Qs Qs

V=T'@T"— — V=
Trel Nc Trel

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 0140087
Image courtesy of Chat-GPTY 11 / 18
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Heavy Quarks in Yang-Mills fields: pair potential

dpi . 1 iV

&_OV

m  Oxt

Classical projection of pQCD potential

Q Q
S:>V: s

Trel N, c Trel

> For T = Ttorm, = —4: attractive potential @ @

V=T'xT"

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 0140087
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Heavy Quarks in Yang-Mills fields: pair potential

dpi . 1 iV

&_OV

m  Oxt

Classical projection of pQCD potential

Qs Qs

V=T'xT" — V=

Trel N, c Trel

» For 7 > Tiorm: dynamic potential

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 0140087
Image courtesy of Chat-GPTY 11 / 18
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Results



Relative distance

charm vs

0 0.2 014 016 0.8
T-Ttorm  [f/¢]
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Relative distance

charm vs

beauty charm
rel < Trel

> Physical input: r

0 0.2 014 016 0.8
T-Ttorm  [f/¢]

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 0140087 12/18
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Relative distance

charm vs

> Higher mass, lower spread

0 0.2 014 016 0.8
T-Torm  [f101/¢]

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 014008% 12 / 18
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Relative distance

charm vs

> Initial balance between: =
QQ potential (attraction) Z 04
0.3
0 »
Glasma fields (diffusion) 0 0.2

T-Torm  [f/¢]

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 0140087
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Relative distance

charm vs

T-Torm  [f/¢]

Distance not the main driver of pair decorrelation

(within glasma timescales)

12 /18
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Dissociation of pairs

Melting of quarkonia due to decorrelation

0 0.2 014 OEG 0.8
TTrorm  [fm/c]

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 0140087
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Dissociation of pairs

Melting of quarkonia due to decorrelation

For each pair, at each time, we define:
Pmelting =1- Psurvivah

1

2
Psurvival =€xXp [—RK <_4 - 1)

0 0.2 014 OEG 0.8
TTrorm  [fm/c]

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 0140087 13/18
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Dissociation of pairs

60 -

40

20+

Pair dissociation %

—charm, k =4
beauty, k = 4

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 0140087
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Dissociation of pairs

> Higher mass,
implies slower diffusion,
which implies slower color decorrelation

o
[e=]
T

—charm, k =4
beauty, k = 4

(=]
(=]
T

Pair dissociation %
[N e
o o
T T

T-Tform [fm}

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 0140087 14 /18
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Dissociation of pairs

> Higher mass,
implies slower diffusion,
which implies slower color decorrelation

80| =——charm, k =4
beauty, k = 4

60 -

> At 7 ~ 0.4 fm/c, 50% of pairs melted

20+

Pair dissociation %
e
o
T

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 0140087 14 /18
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Elliptic flow vy
Azimuthal spatial anisotropy = Azimuthal momentum anisotropy
d?N
dp%

o {1+ vy cos[¢p — U] + vy cos[2(¢p — V)] + vgcos[3(¢p — ¥)| + ... }

C AN
N %

B. Schenke, S. Schlichting and R. Venugopalan, Phys. Lett. B 747 (2015), 76-82%

Image courtesy of Chat-GPTY 15/18
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Elliptic flow vy

Azimuthal spatial anisotropy = Azimuthal momentum anisotropy
42N

dp%

o {1+ vy cos[¢p — U] + vy cos[2(¢p — V)] + vgcos[3(¢p — ¥)| + ... }

But, which method to get ¥?

C AN
N %

B. Schenke, S. Schlichting and R. Venugopalan, Phys. Lett. B 747 (2015), 76-82%

Image courtesy of Chat-GPTY 15/18
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Elliptic flow vy
Azimuthal spatial anisotropy = Azimuthal momentum anisotropy
d?N

dp%

o {1+ vy cos[¢p — U] + vy cos[2(¢p — V)] + vgcos[3(¢p — ¥)| + ... }

Event Plane (EP):

strongest flow identifies .

2-Particle Correlations (2PC): m

no need for ¥, only (cos[2(¢1 — ¢2)]).

B. Schenke, S. Schlichting and R. Venugopalan, Phys. Lett. B 747 (2015), 76-82%

Image courtesy of Chat-GPTY 15/18
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EHlpth ﬂOW Of glasma preliminary

(%)

0.06
0.05]
0.04]
0.03]
0.02]
0.01]

—0.01f

0

| Agreement between EP and 2PC

(beware of small momental)

Event Plane
2-Particle Correlations

F. Murgana, G.P., V. Greco and M. Ruggieri, in preparation




EHlpth ﬂOW Of glasma preliminary

0.06
0.05]
0.04] ]
0.03]

(%)

0.02f .
0.01| =
Event Plane 1
I — 2-Particle Correlations 1
—0.01F .
0 1 2 3 4 5

(v2 = 0.05 for ki ~ 1 —2 GeV) kr [GeV]

0

F. Murgana, G.P., V. Greco and M. Ruggieri, in preparation
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Elliptic flow of charm quarks preimiary

v9 of glasma = wvy of Heavy Quarks

[Around 50% of glasma 02]
0.025 ' S T

0.020

0.015
o
>0.010

0.005

—

0.000 e

—— v3"¢ (No auto-correlations)

1 2 3 4 5
kr [GeV]

F. Murgana, G.P., V. Greco and M. Ruggieri, in preparation 17 / 18




Elliptic flow of charm quarks preimiary

v9 of glasma = wvy of Heavy Quarks

0.025
0.020
0.015

o

>0.010

0.005

—

0.000 e

—— v3"¢ (No auto-correlations)

[Again, EP and 2PC agreej i 3 3 i 3

kr [GeV]

F. Murgana, G.P., V. Greco and M. Ruggieri, in preparation
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Outro

Conclusions
> HQ pairs’ color significantly decorrelated in glasma timescales
> Around 50% dissociation, due to color decorrelation

> Glasma transmits significant vy to HQs

18 /18




Outro

Outlook
> Coupling to later stages of Heavy Ion Collisions

> Consequently, matching of experimental observables

18 /18
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BFKL and DGLAP evolutions
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https://cerncourier.com/a/ch—scattering-frorn-dglap—to—bfkl/g
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Color charge generation in pA

(p*(x7)p" (yr)) = (911)%0%°6® (%1 — yr)

We can have u space-dependent:
proton structure

H. Méntysaari and B. Schenke, Phys.Rev.Lett. 117 (2016) 5, 0523017

B. Schenke, C. Shen and P. Tribedy, Phys.Rev.C 102 (2020) 4, 0449057 2/16
)
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Color charge generation in pA

(p*(x7)p" (yr)) = (911)%0%°6® (%1 — yr)

We can have u space-dependent:
proton structure

> Three hotspots iciT in a width /5.

> Then:
3 _
(x7) 1 1 (x1 — X)?
w(xr) < = g exp | ——————| .
3 £« 27, 2B,
=1
Bge = (0.4 fm)2,  Bg = (0.11 fm)?2
H. Méntysaari and B. Schenke, Phys.Rev.Lett. 117 (2016) 5, 0523017
B. Schenke, C. Shen and P. Tribedy, Phys.Rev.C 102 (2020) 4, 0449059l 2 / 16
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Numerical implementation

> Classical Yang-Mills discretized on lattice:

color sheets

> Real-time lattice gauge theory techniques

D. Gelfand et al., Phys.Rev.D 94 (2016) 1, 0140207 3 / 16
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Numerical implementation

> Classical Yang-Mills discretized on lattice:

color sheets

> Real-time lattice gauge theory techniques

Gauge links

Plaquettes

-
VT(xT,xf) = Pexp |:—ig/ dzA+(z,xT):| Us,pv = U,y Ut pi Uzt v, — Uz o

[ @)
Wilson lines

UxTyi = V(XT)VT(XT + A:c,)

D. Gelfand et al., Phys.Rev.D 94 (2016) 1, 0140207 3 / 16
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CYM on lattice

After gauge choice, YM equations reduce to:

~a

~ P,k
Alax))=—px) = ap ) = =—5——
ra(x) p(x1) nk 2+ m?
where 2
~ 2 k:»aj_
k= =) sin® (=),
=3 (@) = (%)

1=,y

4/16




CYM on lattice

Solve previous eq. for A} in each nucleus (at 7 =07). For 7 =017
A+t = AJr + A+ N Uiot o< €xp [zAtot] Ui -U; NO!
In SU(3) no exact formula for Ui, rather we iteratively solve:
A B . _
Tr[ta(Uy; + Uyy) I+ Uy i) — hec] = 0.

Those U are needed for the magnetic fields:

2
B} = (1 U,), Bi= 5 > Tr(I—Uy)

2
aaT
gaJ‘ g77J_ 1=,y

M. C. Cautun, Master Thesis (2009)% 5/16
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CYM on lattice

» Initial conditions:

E,=E, =0, U,=1 Uy = Utaz/y as in previous slide

r 2 |Ux) = D) = U 6)) +

7

6/16




y [fm]

Features of the glasma

Energy density in nucleus-nucleus collisions

e = Tr[Ef + B} + E3 + B3]

7 =10.001 fm/c 7=10.05 fm/c 7=0.2fm/c

3 g 1’§E'
2.5 R

ST

1.5 . 1.5
z [fm] 2 [fm)] x [fm]

Fields dilute after 67 ~ Q7' ~ O(0.1 fm/c)

2

e(z,y) [GeV?

30

20

10
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y [fm]

Features of the glasma

Energy density in nucleus-nucleus collisions

e =Tr[Ef + Bf + E1 + BY]

7=10.001 fm/c

Hotspots of size dxr ~ Q7' ~ O(0.1 fm)

e(x,y) [GeV']

30

20

10
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Features of the glasma

Energy density in pA vs 7

[EpA(0+) < 8AA(O+)]

\ 0] ]

3z
<
10° E

v e/t
—AA
—pA

1073 | | H1‘672 B ‘107l
7 [fm]

32x32x32 lattice, N = 400
8/16

G.P., V. Greco and M. Ruggieri, 2505.08441 [hep—ph]g
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Features of the glasma

Energy density in pA vs 7

10t E
3z
o,
10° E
v e/t
—AA
—DpA
N TR
7 [fm]

32x32x32 lattice, N = 400

G.P., V. Greco and M. Ruggieri, 2505.08441 [hep—ph]g

[5 x 1/ = dilute ﬁelds]
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Heavy Quarks in Yang-Mills fields: initialization

® Center of Mass position:

P(x1) o< pu(xy) ?

IS

® Relative position: 1.5

w

P(71e]) X Trel exp(—rfel/02)

(S}

® Relative momentum:

0.5

—_

P(prel) X Prel exp(_p?elag)

(1) [fm™2
singlet, Qu = —Qa

[fm
J. Zhao et al., Nuovo Cim. C 48, 5 (2025)8

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 014008% 9/16
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Heavy Quarks in Yang-Mills fields: trajectories

> Change in coordinates
due to momentum kicks

ST

= Y(Tform)

(Tt
oy

f

dx

D. Avramescu et al., Phys.Rev.D 107 (2023) 11, 1140219
Image courtesy of Dana Avramescu® 10 / 16
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Heavy Quarks in Yang-Mills fields: trajectories

» Momentum broadening
due to color Lorentz force

D. Avramescu et al., Phys.Rev.D 107 (2023) 11, 114021%
Image courtesy of Dana Avramescu?

10/ 16
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Heavy Quarks in Yang-Mills fields: trajectories

> rotation in
SU(3) with Wilson lines

%
Q(T(]) Q7 + Q3 + Q3 = const

(Picture should actually be in 8 dims)

D. Avramescu et al., Phys.Rev.D 107 (2023) 11, 1140219

Image courtesy of Dana Avramescu™ 10/ 16
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Relative distance

Effect of potential on beauty quark

T
QQ potential
— no potential
0.4 ——singlet potential
— QQ potential & no glasma

0.3

el beauty [fm)]

0 0.2 014 0‘.6 0.8
T-Tiorm  [fm /]

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 0140087
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Relative distance

Effect of potential on beauty quark

T T
(Q potential l > Glasma fields only: diffusion
— no potential
_ 04 singlet potential
é QQ potential & no glasma
2
= 03 i
<
O
el |
e
& 0.2 .
1 1

0] 0.2 0‘.4 0.‘6 0.8
T~Tiorm  |TM /]
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Tl beauty [fm]

Relative distance

Effect of potential on beauty quark

o
=~

o
w

e
o

T
QQ potential
no potential
— singlet potential
QQ potential & no glasma

> First attractive,
then repulsive potential

I I
0 0.2 0.4 0.6 0.8
T-Tiorm  [fM /]
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https://inspirehep.net/literature/2858267

Relative distance

Effect of potential on beauty quark

T T
L QQ potential
no potential
04} singlet potential 7

é — QQ potential & no glasma

= .

*é 0.3 i > Without glasma,

2 | no color evolution,

T potential attraction only
& 021 :

T~

0 0.2 0‘.4 0“6 0.8
T-Tiorm  |TM /]
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Octet and Singlet projectors

2@(1@@ 1 QQGQCL 8
_Z - P,=Z >
5N, 9 oT3 N to

Ps =

At late times

(Ps) = (Po)/8 = 1/9.

(Ps) and (Pp)/8, charm

Qualitative agreement with other
approaches:
Brownian motion in QGP

L. Oliva, G.P., V. Greco and M. Ruggieri, Phys. Rev. D 112 (2025), 014008
S. Delorme et al., JHEP 06 (2024) 0607 12/16
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341D simulations

Heavy Ion Collisions are not boost-invariant:

rapidity-dependence to be taken into
account.

Explicit expressions for § E in backup
https://spacegidAcom/kvark—glyuonnaya—plazmahtmlg
G.P., V. Greco and M. Ruggieri, 2505.08441 [hep—ph]g‘l 13/16
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341D simulations

Same initial conditions + n-dependent terms such that:
D;E;(n) + DyEy(n) =0 Gauss’ Law

Explicit expressions for § £ in backup

https://spacegidAcom/kvark—glyuonnaya—plazmahtmlg
G.P., V. Greco and M. Ruggieri, 2505.08441 [hep—ph]g‘l 13/16
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3+1D simulations

Momentum broadening for Muq — 400
Focus on momentum broadening:

6p2 (1) = pi (1) — pHTtorm), 1 = T, Y, 2.

D. Avramescu et al., Phys.Rev.D 107 (2023) 11, 1140219
G.P., V. Greco and M. Ruggieri, 2505.08441 [hep—ph]g 14 /16
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3+1D simulations

Momentum broadening for Myq — +o0
Focus on momentum broadening:

51’12 (1) = p?(r) - pzz (Tform ), & =2, y, 2.
One can prove that for Mpqg — +oc:

(692 (7))oo = o / " / " dr" (T [ B (') B ()
(P2 (r / dr’ / i ,,<Z Te{Ey () B ("))

1=,y

D. Avramescu et al., Phys.Rev.D 107 (2023) 11, 1140219
G.P., V. Greco and M. Ruggieri, 2505.08441 [hep—ph]g
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Results: 341D simulations

Pressures Ratio

Fluctuations scaling as 0 F; ~ A

6 : : : ; —
5 A=10" g

A=10"" | ——
4 — A=0.5 7 Significant effect on pressure

a0 for high A

) . . . P I . . .
(J.OS 0.1 015 02 025 03 035 04 045 05
T [fm/c]
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Results: 3+1D simulations

Pressures Ratio

: . L
(JAOS 0.1 015 02 025 03 035 04 045 05
T [fm/c]

So, maybe fluctuations favor isotropization...

G.P., V. Greco and M. Ruggieri, 2505.08441 [hep—ph]g
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Results: 341D simulations

Momentum broadening

. or maybe not. Effect on momenta shifts irrelevant

1 ‘ \ ‘ \ ‘ \ ‘ \
— A=0
0.8 1
longitudinal |
T (0pL(T))oo = g [dr’ [ dr"(Tx[E= (1) E=(7")])
0.6 1
<) (0p7(T))oo = g [dr’ [ dr"(Tx[Ei(1")Ei(7")]) /71"
A
504l .
v
021 transverse |
0 ! ! ! !
0 0.1 0.2 0.3 04 0.5
T [fm/c]
G.P., V. Greco and M. Ruggieri, 2505.08441 [hep—ph]g 16/16
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Results: 3+1D simulations

Momentum broadening

. or maybe not. Effect on momenta shifts irrelevant

1 —
A=10
0.8 ) il
A=10 N
o [ oA [ Gnk e = ¢ [ T (BB E-()
S o6k — A=0 | PL(T))eo =g v [ dr"(Tx[E.(7")E. (T
S | | (0p2(n))ee = g7 [ dr’ [ dr"(Tx[Ei(7) Ei(r")]) /7'7"
A
s 04l .
v
02 transverse |
0 ! ! ! !
0 0.1 0.2 0.3 04 0.5
T [fm/c]
G.P., V. Greco and M. Ruggieri, 2505.08441 [hep—ph]g 16/16
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Results: 3+1D simulations

Momentum broadening

1 T
08’ A=10"
: A=10" o]
b — 05 longitudinal | 5 > S o [T E NE "
e ] (0P} (1)) = ¢ [ dr’ [ dr"(T[E.(r') B ("))
S | | 00T = g* [dr' [dr"(Tx[Ei(7) Ei(r")])/7'7"
A
S04l .
v
021 transverse |
0 | | | |
0 0.1 0.2 0.3 04 0.5

T [fm/c]

Need different initial conditions to favor isotropization

G.P., V. Greco and M. Ruggieri, 2505.08441 [hep—ph]g

16 /16



https://inspirehep.net/literature/2920762

	Introduction
	Initial stage

	Appendix

