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Plan of the talk

**Relativistic heavy ion collisions (RHICs)

**Glasma and its evolution (Ev-Glasma)

**Production of chiral density in the pre-hydro stage of RHICs
s* Photons from the Chiral Magnetic Effect in the Ev-Glasma
s*Conclusions and Outlook
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Relativistic Heavy lon Collisions (RHICs)

v By Impact parameter AT Collision
\:/LV Collision direction fress T direction
N : (flight) > | @
& direction \ /
Impact parameter «“ IS )
direction < z - _\‘

A,B: Cu, Au (RHIC@BNL)

Pb (LHC@CERN)

p (L(HC@CERN)
p-Pb collisions (LHC@CERN)
d-Au collisions (LHC@CERN)

Hot and dense expanding
QUARK-GLUON-PLASMA (QGP)

E QGP formation time
1 *RHIC ~ 0.6 fm/c

' *LHC ~ 0.2 fm/c

' QGP lifetime

' eRHIC ~ 5 fm/c

' *LHC ~ 10 fm/c

Au—Au:+/s=200x A GeV at RHIC
Pb—Pb:s=276x A TeV at LHC
p—Pb:ys=0502TeV at LHC

p—p:vs=>5, 7and 13 TeV at LHC




Medium evolution in RHICs

S o final detected
Relativistic HCC(VY"ION Collisions particle distributions

made by Chun Shen Kinetic
freeze-out

3 o
— ‘ N Hadronization
Initial energy
density

4" Hadron [
. ‘) ClS P :

QGP pha

collision
overlap zone

pre- relativistic kinetic theory
uuhbr'lum

ynamics viscous hydrodynamics free streaming

i

collision evolution
t~0fm/c T ~1fm/c T ~ 10 fm/c T ~ 1010 fm/c




Glasma: the initial condition of RHICs

Dense gluons interact and form two sets of opposite effective color charges on the light cone
of the two nuclei.

B o
A V.-E = ig[A &
V-B = ig|A", B

E

N I B . d
EEEEEEEEEERN B
Lappi and McLerran (2006) d



The MV model of color sources “Colliding nuclei”

* Fast (large momentum) partons
Their dynamics in the Lab frame is slowed down due
to time dilation: static sources of color fields.

Model of static sources (MV model)
Uncorrelated color density fluctuations on the two nuclei. X

4
(p"(xT)) =0, 20 :
(0" (@r)pt(yr)) = (921?65 (wr — yr) 81~ Qs: saturation scale

| From the correlators of Wilson lines:

g’ =0(Q,) |
Lappi (2008) |

|
g’Up, = 3.6 GeV — 5.3 GeV

AT = Ema omm

McLerran and Venugopalan (1996)
Kovchegov (1996)




Classical Yang-Mills equations

Due to the large density the gluon field behaves like a classical field:
Dynamics is governed by classical EoMs, namely the classical Yang-Mills (CYM) equations.

O-F; = %/DT?FTI?: + TDij@', E; =10:A;,
1
87—Er,~] — %DJFJTH ET? — ;87-1477.
T = Vit? — 2?2

and the chromo-magnetic field is defined as

= _ R, — _laip
B’L — 6 Fjrr] B'T] — 26 F

Evolution of the system is studied assuming the Glasma initial condition,
and evolving this condition by virtue of the CYM equations.



Ev-Glasma: energy density
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g’u=3.4 GeV

— g2ut=1:t=0.06 fm/c

IIII| I | ol

Energy density ~

4

0.1

1 10
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g ut

* Dilute fields regime within g?11t=0(1)
* Free streaming in the longitudinal direction in the dilute fields regime

T T

Longitudinal expansion
with zero pressure:

de _d_T

-

Description based on
kinetic theory can start

in this free streaming
regime.



pl/(g W)

0.1

0.01

Ev-Glasma: EB

! IIIIIH’
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g’u=3.4 GeV

! IIHII‘

g’ut=1:t=0.06 fm/c

L L

0.1

1

2
g uT

* E parallel to B at initial time: large fluctuations of p.
* Evolution and longitudinal expansion dilute |p]|.



Chiral medium in the Ev-Glasma

Ly . 1
0, + — | 72 = =—=Tr|E - B] chiral (ABJ) QCD anomaly
72 [Adler (1969), Bell and Jackiw
(1969), Warringa (2012)]

1 (t + z)
n = 5log
2 t—z Ev-Glasma fields

Because of chiral anomaly, the chiral density is produced
in the early stage of RHICs (Ev-Glasma stage).

T . . T T F - - Tt TTTTTm T T I
| (Volumetric) Chiral density ! | Chiral density per unit rapidity !
! ! !
! dN5 ! ! dN. !
I T _ 5 I ; — _ % , I
Ve (T ) = ns(7,x1) = —5— = Tj5 (T, 7L).
! J5 Td"}*]dQLI?J_ : : dnd-=z | :
e e e e e e e e e e e e e = - - J e e e e e e e e e e e e e )

M.R. et al., arXiv:2006.01090
Lappi et al. (2018), Lappi and McLerran (2006), Venugopalan (2016)



Production of chiral density: formation time

Density in transverse plane
I I I I I 1 I I I ] I I I I I I I I I
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Density in 3D-volume

Steady state for time < 0.2 fm/c=1/g° 1,
namely, when bulk enters the dilute fields regime.

M.R. et al., arXiv:2006.01090
See also Lappi et al. [2018], Venugopalan et al. [2016]



Transverse size of correlation domains

g =11
L 2 _ o=
0.8 | 9_HT=2]
_ =g HT=32
= o6f = =9 #7=47 " Correlator of the
—’ B — ﬂ7'=5- . .
a - 1 chiral density
P D(|z 1) = (ns(0)ns(|zL])):
3 o2fF ' : : :
0:— _(
_02-|||||||||r|=_|||||||||| 0.3||||||||||||||||||||||||
0 1 2 3 4 ]
gzu-\XL\ 0.25 D(x,1)/D(0) = g~ 1mLl/A 1

0.2 -
; . = /
From the exponential decay: = sk _ _} >

Correlation length <" } - = _I__ - ‘I"' ~ -{
0.1 -

Microscopic domains (A=0.1 fm) 0.05 E
of chiral density | | | | ]
form in the transverse plane O s 5 a5 3 3s

M.R. et al., arXiv:2006.01090 =



Summary: the chiral medium of pre-hydro stage

Pb, v,~c <n§> -

e
®

n(rx_), 7=0.02fm/c
© o
£ (o)}

A
N

o
Y

Filaments of chiral density, stretched by expansion
along the longitudinal direction

* Chiral anomaly plus Ev-Glasma fields produce chiral density, n.
* ncarranges in filaments of transverse size ».=0(1/g*n) =0(1/Q,)
* Time scale of formation of the medium t=0(1/g?11) =0(1/Q,)

M.R. et al., arXiv:2006.01090



EM fields at initial time of Pb-Pb@2.76A TeV

Y
T Roy et al. (2017)

leB|/m?
s

150

100

yl[fm]
yl[fm]

e Fields in vacuum are well known
 Medium effects (out of equilibrium,
QGP) hard to compute

fm '1 O
Plots compiled by Moran Jia yim} X[fm]
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B(1) / B(0)

Electromagnetic fields in RHICs

Figure from:
Shi, Jiang, Lilleskov and Liao (2018)

1.21
1.0}

0.8:-

— (14T T5)"

— — = (1+Tp) ™
exp(-1/1g)
ECHO
MS-1

—— = MS-100

Uncertainty comes from medium
effects that are poorly known

Optimistic view
Tg =0.3-0.6 fm/c

thhermaIization

Pessimistic view
Tp=T =0.02 fm/c

vacuum

For other calculations at RHIC and LHC: PHSD [2011], Li-Sheng-Wang [2016],

For reviews
Liao [2018], Oliva [2020]

Gursoy [2014], Kharzeev [2008], Skokov [2008], Das [2017],
McLerran-Skokov [2014], Sun [2020], Liao [2018], Zakharov [2014],
Deng-Huang [2014], Zakharov [2018], Holliday [2016], She [2017]



Electromagnetic fields in RHICs

External + Induced

Au+Au, 5”2=200 GeV
b=6 fm, x=y=z=0

I IIIIIII| I IIIIIII| I IIIIIII| I IIIII_I_III__‘I,_I

1

Pb+Pb, s''°=2.76 TeV
b=6 fm, x=y=2=0

0 1 2
[fm]

Fields in vacuum (external)

1

Zakharov (2014)



The choice of B(t,n)

We adopt the optimistic point of view and assume Tg=Ty . malization-
After all, we found that a (chiral) medium is formed quickly.

I By coshn
Y —
L+ 7 / TR
| M I M ) _' 1 M 1 .0 ' I : I . : ' l ' I .
6 Pb+Pb @ 5'%2 Te‘;’ b=7.5fm [ Pb+Pb @ 5.02 TeV, b=7.5 fm
— X = y =
é T s -eB, case A (x30) 1 S 0.5 _ 3<p:<6 (GeV/ C);
S al Sunetal. (2020)  _ --eE, case A (30) | [= 0.0F 2 T
@ e -cB case B ;T' L ;
Q ’ . : _——T1 ¢
~ = =-weFcaseB s~ 0.5 e Case A (x30)
ol -eB, case C - =) ' —— Case B, ,=0.4 fm/c
@ < -eE, case C > -1.0 [ Case C, 'tz=0.4iO.1 fmic
0 ) , . . . ; '1 .5 C . 1 . |. .ALICIE . A . A . .
1 2 3 4 5 15 10 05 00 05 1.0 1.5
t (fm/c) n

This form of B, called case C in Sun et al 2020, explains the v;-splitting
of neutral D mesons at LHC (not explained by other calculations).



The chiral chemical potential, ., in the early stage

0.5 | | I \ |

Ev-Glasma calculation

0.4 =

— gzu=5 GeV
" gzu=3.4 GeV

03 00000 S==e. —
(13)

G-

0.2

0.1 * Chiral medium
' ne — s  Average 11:=0(Q,)
— 372 o
| | |
OO 1 2 3 4
2

M.R. et al., in preparation



Chiral Magnetic Effect (CME) in the early stage

CME current
* Chiral medium 7 N. 5
« Strong magnetic field V= 5 o HsC

Artwork by

Chiral Magnetic Effect /B \ s
in the early stage of RHICs

For references on CME in RHICs see:

Kharzeev, McLerran and Warringa (2008)

Fukusima, Kharzeev, and Warringa (2008)

Zakharov (2012), Skokov et al (2016)

Ongoing experimental search of CME in RHICs:

STAR 2010, PHENIX 2010, ALICE 2014, STAR 2015, ALICE 2016, ALICE 2020



Photons from the chiral magnetic effect

LPV

AN 250 ( qi)w( )

d*qpdy  2(2m)3973

E’,‘

(K@) rdrydn, / rodrydiy et (reoshm=r2cohn) B(ry ) By, 1)

x| d*x dPy e TV (s (e ) ps (T y L)

/
/

Fukusima-Mameda (2012)



Photons from the chiral magnetic effect

leB}/m?
m

AN 2b«
Pqrdy  2(27)3973

(I<(q@))?) = 62/71637’165771/7’2657263772 €EQL(T1COShmTzCObh”Q)EB(Tla771)3(7'2;772@

. /dgxidzyﬁm'(my” (ps(mi, ) ps(72,91)) -

Consider B independent of coordinates
* Reasonable for calculating over a small portion of the transverse plane
e Con: neglects correlations of B in the transverse plane

M.R. et al., in preparation



Photons from the chiral magnetic effect

dN 250 q;
Pqrdy  2(27)3973

<|C(q) |2> 6’32 / e d-Tl d‘nl / TZd-TQd-T]Q_ e_-.i.qj_ (71 cosh 1 —72 cosh J}Q)B(Th 771)8(7_2, _?72)

X/dzldeQQL {iQL'(:‘CLyL)&P{S(TlawJ_)P{fi(T?*yJ—))}

|

from Ev-Glasma

M.R. et al., in preparation



CME photons: ansatz for the p.-correlator

For an estimate of the magnitude of the CME photon spectrum:

|33'T — yT’

5 [ T + T
<Fi,5(T1,wT)[L5(T21yT)> = <l££} ( : 2 2)>

\ ]{1 (’JJT — yT’/)\) Ei_lﬁ_’—zv)\f

- e o e o S S S S S S G B EEe e e e S Eee e e s e wf

dN 1 25a 2p24 41 \?
271 q,dqr y=0 - 22(27?)397r36 0+ (1 +q§a)\2)2
T 1 2 6—71/}\7 6(:’1—7)/}\7
2\, “d Z 1 — —

<ox) [P (=) i (1- —)
I’ o _d_'{\_T __________________ I r _______________________
I gAY a : By coshn !
: 2,—(— d ~ —2 QTT << 1 : : By = 1r T/TB :
: Tqaqr |,—o qp I I , I
I - | I Lo : A7\ 1

! dN c ! 2u—IK(u/\)e' s — —
| N o=, qrT> 1 | /d u)\hl(u/)\)e (1 + g3 \2)? |
C2nqdar |,y ar L |
I I
I I
I I

M.R. et al., in preparation



CME photons: ansatz for the p.-correlator

For an estimate of the magnitude of the CME photon spectrum:

</‘L5(T13 wT)/‘L5(T2:yT)> = <l£§ (Tl ;_ T2)> |33T ; yT|]{'1 (|33T . yT|/A) Ei—lTl—.‘—2|/)\~r

AN
27w qdqr

1 25 A2
22(27)2073 1+ ZA2)2

T 1 g e~ T1/Ar p(Ti=T)/Ar
X (2\- 2dr | ———— 2 2 (1 _ _

from Ev-Glasma

e’B2 A [

y=0

For estimating the CME photon spectrum

* Borrow A, A_and averaged-u:? from Ev-Glasma calculations
 Use the K1-ansatz to get the spectrum

M.R. et al., in preparation




Oto S.

_ L Y —|T1i—=T2|/Ar
= | L T|K1(|33T yT|/)\) €
; (Tl T2)> A
L' 2
( wT)HB(TQ:yT» <l5
<Hf5 71,

—

ima-Mameda [2012] E

10 Zu_k;:rrdator, g°u=3.4 GeV E

sh) 0 - =04 fm/c

vy f(ii—cj'/I;B o “:0-1 ' eB,=50 m_? }L=(2)/gzu(*) E

o 0'2 t5=0:4 fm/c E

2. 10°F : §

ar) _ ) g i

IH 3 10°F .
Ny % 10;5_ % =A/10 o - . 1'2 | 14
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gzrftjzlced o 0

0
iv:2006.0109
R. et al., arXiv:200

M.R.

(*) From



Comparison with other early stage contributions

10’

| |

ad
> 10’
()]

G

10™

[

(1/2nq;) dN/dg-dy

10°
10~

M.R. et al., in preparation

" —

| ' |
Prompt [PHSD 2017]

Fukushima-Mameda [2012]
AFTM-LHC 20-40% [Oliva et al. 2017]

IHIHl ] IIIIHII L 1 L1111

Ev-Glasma, K,-correlator approximation -

_ 2 7
- eBy,=50 m_~ -
“Ta 15=0.4 fm/c :
\...-.. —
TSae. .
- -we-,_'_.ﬁ- —
T - =
Mh_:-r-"'zh =
e s
. =]
\-
‘-
\'I
—

- = 0.05 = 0.1 -
= NarTu PRELIMINARY -
g l I | | | l _
1 2 3 4

qT [GeV] Transverse areas have been rescaled

to match the AT of the Ev-Glasma calculations



Elliptic flow of the CME photons

AN 250 q
( — q—g) <]C (q)]2> Anisotropic distribution

d?*qrdy - 2(27m)39m3 \

Isotropic in transverse plane(*)
Source of anisotropy

dN dN 1+ 20, ) 2y ) 5 |
= + 2v 1) cos ¢ + 2v 1) cos 20+ ...
qrdy  2mqrdqrdy g i Q<J
Elliptic flow
Direct flow

M.R. et al., in preparation (*)B distribution in transverse plane can add some anisotropy



Elliptic flow of the CME photons

AN 250 q
( — q—g) <]C (q)]2> Anisotropic distribution

d?*qrdy - 2(27m)39m3 \

Isotropic in transverse plane(*)
Source of anisotropy

2 %
1+ 2cos?2
—q—y:COSng: Cb_>U2: ()

1
2 2

CME pnhotons have a large elliptic flow

CME A7CME noCME ArnoCME CME
vy — vy NS A vy N, o RoCME | N L CME
— CME noCME ~ Y2 noCME ~ 2
N,Y -+ ny N,Y

M.R. et al., in preparation (*)(*)Correlations of B in transverse plane can add some q; dependence



Elliptic flow of the CME photons

NarTM, early = 0.3 X Nogp [Oliva et al. 2017]

Neve & (005 - 01) X 0.3 X NQGP

NCME CME
Uy 0.2

AUQ ~

Nqap
(0.015 =+ 0.03) x

Q

1
2

0.1

Effect of CME photons
on v, is sizable

] | I ] T I ‘ T I I T
ALICE Pb-Pb 20-40%

L A B A
PRELIMINARY |
QGP up to hadronization [from L. Oliva PhD thesis 2017] )

Ny /N

CME AFTIVI=0'1

N, /N

CME AFTM=0'05

-
- e e T
#_‘
-

M.R. et al., in preparation




Conclusions and Outlook

=

. : 0)

Chiral anomaly produces filaments of chiral density, n., that stretch
with the expanding medium in the early stages of RHICs

Structures of correlated n. form in the transverse plane A.=0(1/Q.)
Time scale of formation of the medium t=0(1/Q,)

CME in the early stage due to presence of n. and magnetic field
CME photons in the early stage: minor contribution to spectrum
but potentially sizable contribution to v,

CME photons in Weyl semimetals (?)

Relation between n. and L for matter in flux tubes (strong fields,
finite sizes, ......)

RHIC vs LHC: weaker but longer lived magnetic fields

Thank you for your attention!
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Slow versus fast partons

“Colliding nuclei”

The two nuclei are Lorentz contracted along the longitudinal
direction: in Lab frame they appear like two thin sheets.

H1 and ZEUS
T R | ' T

u>=10 GeV?

a L N\
0-8 = HERAPDF2.0 NLO

The small-x proton wave function is |
dominated by the sea of virtual gluons. \

e Ny
S S N
§
0.4

:‘ HERAPDF2.0 NNLO

0.2 -

<pT> s

-/ arXiv:1506.06042
b~ ——

\/g High energy collisions probe small-x regions



Gluon recombination might imply saturation

High gluon density:
- Gluon recombination

1000¢

Credit: BNL

https://www.bnI.gov/rh‘ic/nvev(/'.szfnews.asp?a=1699&t=pr 100 E

Saturation 10%
Gluon production is suppressed due
to the abundance of the 2 - 1 processes.

1\
0.1

Saturation scale, Qs 0.01k
Momentum scale at which saturation
becomes important

McLerran and Venugopalan (1994)
and many others



xf

The Colored Glass

H1 and ZEUS

, Color
H =10 GeV
iy Gluons carry a color
B B uerarprz.0 NLO
D HERAPDF2.0 NNLO Condensate
Many small-x gluons: classical field like in a condensate
Glass

0.4 xg (x 0.6‘5}:.\

Partons (quarks and gluons) with x = 1 are very fast (v = ¢):
Substantial Lorentz time dilation
Dynamics in the lab system slows down

The x = 1 appear frozen in lab, like molecules in glasses

0.2 -

XS (< 0.05) ==

—— — L Ll e
10! 107 102 10t 1

. : DHFF ur — Jy
The dynamical evolution /
of the CGC: / \
Yang-Mills equation Condensate Glass
(x=0) (x=1)



The MV model of color sources

* Fast (large momentum) partons

Their dynamics in the Lab frame is slowed down due
to time dilation: static sources of color fields.

Model of static sources (MV model)

Uncorrelated color density fluctuations on the two nuclei.

(p*(xT)) =0,

(" ()" (yr)) = (9°1)*0°6) (2 — Y1) 1000,

4

“Colliding nuclei”

0.01k

g’u ~ Qs: saturation scale

™
)
N\

i : ----------- —:E
v doP A s
: |
13
1
1]

pert.

0.1




Fixing the saturation scale and g?u

Modified GBW fit controlla Lappi 2008 Freund et al. (2002)

Albacete et al. (2004)
Armesto et al. (2005)

Kowalski et al. (2006)
Kowalski et al. (2008)

o ) A f(A) = AY3, naive Lappi (2008)
f(A) = cAY3log(A), IP-Sat

2 2
Q2 = F(A)Q} (=
4 b
_ x =102 RHIC energy: Qs = 1.7 GeV, g?u = 3 GeV
NAIVE 7 x =10 LHC energy: Qs = 3 GeV, g2 = 5.3 GeV

x =102 RHIC energy: Qs = 1.1 GeV, g’u = 2 GeV

IP-Sat  —
x =10 LHC energy: Qs = 2 GeV, g2u = 3.6 GeV

We consider
g’Up, = in the range 3.6 GeV — 5.3 GeV

This is for Appendix only



Glasma:

building up the initial condition

i v Qf(A)(Xl) _ p(A) (x1).
V- aP(x1) = pB)(x))

O(f,E-A) (XL) = ‘iU(A)(fEL

alP(x ) =iUP) (2 )o,UP T (2))

A; = a:,EA) + arEB); i =1x,7,
An =0,

A B
EU—ZZ{() )]

(
B, = i([a, a{®) + (0P o).

)0, UM ().

This is for Appendix only



Glasma: the energy density profile

Distribution on the transverse plane at the initial time.
Fields are invariant for longitudinal boosts.

Energy density at 1=0
H:TI[E”'?'E??—l_B??'B"?H

6000

7000 -,

5000
6000 -
b ‘
= 5000
1B
g 5] 4000
3 4000+ } 5 |
2 3000 | ! 1 Rl i '
& | G AN 3000
8 2000 - | ' (" B
E
1000
12000
0 -




Ev-Glasma: color fields

|
0.8} — (E,) "N’
L (Exz/T2+Ey2/’C2)1/2/(92l~l)2
0.6}
0.4
0.2
g’u=3.4 GeV
g’ut=1:t=0.06 fm/c |
% > z 6
2
gyt
dE*
a _ B¢ ; cAb B¢
At ot ay z+fb yz

See also

M. Ruggieri et al. (2019)

M. Ruggieri and S. K. Das (2018)
Fukushima and Gelis (2011)
Ohnishi et al. (2011)

Lappi and McLerran (2006)

Formation time of transverse fields:
g’ut=1 namely 1=0.1 fm/c



e/(g°n)"

Check lattice spacing

[ I RN I IR I LR —
~
~

B T T T T — TTTTT

1 i B — a=2/75fm |
u ST | 1 a=2/91 fm =
- X - « T N -
- \ ] j_ | '\\ |
| . B C\l@ \

N = 0.1 =
= N T o r -
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| —] - p— I‘ . —
| g2ut=1:t=0.06 fm/c P

Lol L] Lol 001:7 =
- Ll Lo L1 11T]
0-1 , | 10 0.01 0.1 1 10

g pt gut

This is for Appendix only



Space and time correlators of pic

For an estimate of the magnitude of the CME photon spectrum:

(s (1, @) s (T2, y7)) = (U2 (2N, )e 1P =vrlIAg (7 — 1)

l lllllllllllllllllllllllllllllllllllllIIIIIIIIIII

I B T LI LI | LR L LI T LI L
’r | | | | | | | | | i —a= 7 =0.0fm/c o
B — x| =00fm + T=0.06fmfec
L ——l|zL| = 04fm N 08 K ———7 =0.10fm/c —
0.8 |z | = 08fm 5
i By 1'.) B B - =7 =015fm/c A
[ —I.z‘{—l.(‘:? = T=020fm/c ]
| —_—|zy | =1.6f7 i = -
| .| =20fm _] — 06 =
o6 [l S - |
= I {0 E =
S ST -
< o = »-\ PRELIMINARY -
= 04 - — ;
: "t PRELIMINARY g :
o H o \
02 H - 02
|
0 e = 0
S
_0‘2_1x|1111111111111111111111111111111111 _07-lllllllllllllllllllllllllllllllllllllllllllllllllr
0 0.02 0.04  0.06 0.08 0.1 0.12 0.14  0.16 0.18 0.2 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

7[fm/c] |xL\[lm]

M.R. et al., in preparation This iSfOf' AppendiX Only



CME photons: estimates with the K,-correlator

K,-correlator
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(*) From M.R. et al., arXiv:2006.01090 9HT Thisis for Appendix only



CME photons: spectrum at several times
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Most CME photons produced within g?ut=1 qT/g H This is for Appendix only
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CME photons: rapidity cutoff effect

)3/2] (QAT)/D TQdeﬁ_?T/TB(P’%)

o-correlator

I(QTTNQ

L(grT) = 2 / 11T SN osh _i
0 &

d-correlator, m =1 =

o-correlator, n =3

8-correlator, n 7

max

1=0.4 fm/c

a, [GeV]

This is for Appendix only



