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Introduction

e According to the sequential J/W suppression scenario,
— not only the dissociation temperature of J/{
but also the dissociation temperatures of excited charmonia are important.

e Current lattice studies for the charmonia dissociation temperatures

— Most of them investigated charmonia spectral functions with MEM.
e.g. A. Jackovac et al., Phys. Rev. D75, 014506 (2007)

->S wave states (n,, J/W) seem to survive up to 1.5 T
but may dissolve at very high temperature.

There are ambiguities of MEM in terms of default model at high temperature
etc., so it is necessary to check the results with other methods.

->P wave states (x.) seem to dissolve just above T,.

This is misreading T. Umeda, Phys. Rev. D75, 094502 (2007)
because the constant mode effect of meson correlator was NOT taken care.

— Excited charmonia (e.g. W’) have NOT been investigated well yet.

We should investigate excited charmonia too.
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Our approach

 We investigate the chamonia dissociation temperature with

following considerations.
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We test with quenched approximation
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On a finite volume lattice, spectral function
consists of discrete spectra only.

When all charmonia fully dissolved above T, we
naively expect:

e Charmona peaks should vanish and peaks of some
scattering states may appears above T,.

e Wave function for scattering states extend to large
distances.

To examine the expectations, we

 study both effective masses and wave functions

e adopt mult-state variatonal analysis

to extract excited states and is well-suited for discrete
spectra

e subtract the constant mode from the moesn
correlators
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Meson correlator & wave function

e [Meson correlator :toextract charmonia mass ( o (Ps) JPC=Q+
C(t) = Or(Z, Ol (‘)’? 0)) : meson correlator with i, (V) jpPc=
(%) Z:< o(7,£)0r(0,0)) zero momentum ['= < S
x 1, (S) JPC=1++
Or(Z,t) = q(Z,t)T'q(Z,t) : meson operator | 7, (Av) JPC=0*+

C(t) = Agcosh|mo(t — Li/2)] + Ay cosh|my(t — L /2)] + - - -

L, : lattice size of temporal direction

* Wave function
BS(r,t) = Z(q(f O q(Z+ T, t)O}L\((_)', 0)) :Bethe-Salpeter amplitude

—

zr
[

= (Q(ﬂ coshmg(t — L¢/2)] + ¢1(7) coshimy (t — Li/2)] + - --

4

( 75, (Ps) Vs, (Ps) JPC=Q-+
= . Vi (V) = Yis . (V) JPC=1-
Yi» (S) >0 b (S) JPC=1++
| i (AV) | D€k O 4y (Av) JPC=Q*+
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Separation of constant mode

e Constant mode of meson correlator 1 Umeda, Phys. Rev. D75, 094502 (2007)

(a)

t=0<>t7t Because of temporal BC, there are wraparound contributions (b)
N
Constant mode
(b)
W C(t) = Ay + Ay cosh[my(t — L/2)] + Ag cosh[ma(t — Ly /2)] + - - -
- >

L=1/T
— Because wraparound contributions come from single quark propagations,
constant mode effects strongly appear in deconfined phase,
€ which leads misreading as if the P wave chamonia dissolved just above T..

e Midpoint subtracted correlator
C(t)=C(t) — O(L/2)

= 24, sinh? l% (t - %)] + 2A5 sinh? [% (t — %)} + ...

— Constant mode is separated from meson correlator.
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Constant mode effect for effective masses

e Effective masses at 1.1T.
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t/a, ta
midpoint
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There is large constant mode effect for P wave above T..
Constant mode should be subtracted from P wave meson correlaors.
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Multi-state variational analysis

e Smeared meson operator
Or =Y wil@wi(Dq(E + §,)Tq(F + 2, 1)

The parameters A,

e A, LA | AL A | A | A
(7)) = —AilZ - smearing function
wi(T) = N e » J 0.02 | 0.05 | 0.10 | 0.15 | 0.20 | 0.25
1=1,2,...,Ngtate
e Effective mass e Wave function
- TR =24\ (7 - i
Cii(t) = Z<O%(f’ H0(0,0)) BS;(7,t) = ;(q(x,t)F q(Z + 7, t)OF(0,0))
T _ . — Midpoint subtraction
- Midpoint subtraction BS,(7,t) = BS(F,t) — BS(F, L;/2)
Cij(t) = Cij(t) — Cii(Le/2) 7
M L,
— General eigenvalue equation ZBS 7 0)Vik = Yu(7) sinh” { k(t_i)]
C(t)vr = Me(t:t0)C(to) vy
7T~ C S| Vij = ('U-ri)j
e \ 4
. hQ Mk:ff L B
Ak(ti o) = - [ «fo ( 2)] W(rir) = 2; D57 DV _ Dil7)
sinh? [”5 (to — %)} ’ > i BSi(10, t)Vie (7o)
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Variational analysis in free case

— 3 . ° . .
N ...=6 20°X 128 anisotropic lattice e Wave function
e Effective mass T Y RS R
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- S wave P wave 1 - W
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Mass shift due to BC Wave functions extend to large
distances.
MBC: Mixed B.C. solid line dashed line
(x, vy, z)=(AP, 7, P) : analytical solution : analytical solution
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Charmonium or scattering state?

* In finite volume space, scattering states have typical spatial BC

dependences. H. lida et al.,Phys. Rev. D74, 074502 (2006)

Bound states (charmonia) Scattering states
e Wave function « Wave function
- localized shape - extends to large distance
- insensitive to BC - sensitive to BC
« Effective mass « Effective mass
PBC : M_g PBC ~ bound state mass PBC : M_.g PBC ~ 2m,
APBC: M3BC ~ bound state mass APBC: MBC ~ 2v/m2 4 372/ L2
MEPBC — MEBC ~ MEPBC — MEBC - finite
m_ : charm quark mass
_ 2nm ~ (2n+1)m
PPBC = L. PAPBC = —Ls n—012 ..
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Lattice setup

Action
— O(a) improved Wilson fermion action (r.=1) 4

Lattice
— anisotropic lattice - anisotropy ¢=a_./a,=4

— L.=16, 20(, 32)

— L=(8(3.2T),) 12 (2.3T,), 16 (1.8T), 20 (1.4T), 26 (1.1T.), 32 (0.88T)
— a,=0.0970(5) fm (2.030(13) GeV)

e Gauge configuration

— Quenched approximation

— Standard plaquette gauge action

L=16 | L:=20 | L=32
Local op. 800 800 200
Derivative op. | 300 300 200

e Gauge fixing : Coulomb gauge
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Numerical results : effective mass

e Temperature and spatial BC dependence N i}

state—

(Results with N_._. =6 consistent)

state
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Toeie o ° [ [Fee o F _
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2“20.5' Dl.sl ‘1 | 1I.2' 1I.4. 115' 1I.s' :2 .zl.zl 2.406 ul.s' |1 .1I.2' 1I.4. 1I.s. 1I.8I :2 'zl.zl 2.4 (X, Y, Z)=(AP, P, P)
0.7 | Xco(zp) PBC ] h Xcl(zp) PBC 1 I . Mass Shift
Y MBC | MBC for the free case
I LI . o ¥ I m . . [} E
ol o [+, ) | There is no clear BC
0.4 F . - - , @ L]
: Xeol1P) | : (1) [|  dependence for all
S IR -t | i N S ! _
06 08 1 1.2 1::.-1—;5 18 2 22 2406 08 1 12 1:?”;5 18 2 22 24 Charmonlum States up
to 2.3 T..
There seems to be no scattering state contribution up to 2.3T...
H. Ohno, T. Umeda and K. Kanaya Search for the Charmoinum Dissociation

: . - . 11 /13
for WHOT-QCD Collaboration Temperature with Variational Analysis /



wave function

wave function

Numerical results : wave function (2.3T)

 Volume dependence
The ground state
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* No sensible volume
dependences

] ¢ Spatially localized

even at T=2.3T_ for
both ground state
and 15t excited state

* Same for larger N,

Charmonia still
survive at 2.3T,.
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Conclusion & future plan

e Charmonia dissociation temperatures are studied with variational analysis in
guenched anisotropic lattice QCD.
— There is large constant mode effect for P wave above T..

P wave charmonia still survive up to 2.3T. when constant mode effect is
considered.

— No scattering state appears up to 2.3T,

— We find no clear evidences of dissociation for the all charmonium states (n_, J/y,
X.or X1 @nd their first excited states) up to 2.3T so far.

— Sequential charmonum dissociation scenario based on the naive dissociation
picture may be more complicated.

e Future plan
— Study to investigate how charmonia really dissolve
— Simulation at higher temperatures
— Full QCD simulation
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Numerical results : wave function (2)

e Temperature dependence (S wave)

1.2 T T

1.2 T
14
0.8
0.6
0.4
0.2

Pir)

I(r)

P(r)

T(r)

| I
2 4 6 8 100 2 4 6 & 10

(= N L L B NN N

H. Ohno, T. Umeda and K. Kanaya
for WHOT-QCD Collaboration

va, ra,

Search for the Charmoinum Dissociation
Temperature with Variational Analysis

e Spatially
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to 23T,
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Pir)

w(r)

w(r)

w(r)

Numerical results : wave function (3)

e Temperature dependence (P wave)
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Systematic error of varational anaylsis

* L, dependence of effective mass in free case

0.344 — T T T .
i analytical solution - - -
0.34306 |- =32 | 4
- L=26
0.34392 | |_t=ED T -
a i Lt=1E S |
B — _
+ 0.34388 _ !EEE _ I—t 12 -
= 0.34384 | Mj_ﬁi -
' T+ ]
0.3438 |- _
034376 F = = = = = = = = = = = =4
N T B B B | |

0 2 4 6 & 10 12 14 16
t/a,

Effective mass shifts up side as L, becomes smaller.
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Stability of effective masses

* tdependence of effective mass
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Effective masses are stable up to 2.3 T...
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wave function

N..... dependence : wave function

state
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