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Motivation: The QCD Phase diagram 

What we know: 
At physical quark masses the QCD 
transition is a smooth crossover. 
The pseudo-critical transition 
temperature is known:                                        

Key Questions: 
What is the nature of the QCD 
transition in the chiral limit? 
What are the important non-
universal parameters? 
Does the scaling window reaches 
up to the physical point?

Tpc = 156.5 ± 1.5 MeV
<latexit sha1_base64="WtAB5oXSf04upapNiAxyv1e7cOg="></latexit>

HotQCD: PLB 795 (2019) 15

Two possible scenarios: 

2nd order, O(4)
2nd order, Z(2)
1st order
tri-critical

physical 
point

1st 
order

1st 
order

crossover

m u,d
<latexit sha1_base64="PUjPCs/Y0DvHkluI4stEPGb5jDA="></latexit>

!
<latexit sha1_base64="W+F3cypyJzXhYZuOep3eTWwhILE="></latexit>0

<latexit sha1_base64="E0hSJgFSyUZQCTL7ZjzEV2ZSUJc="></latexit>

m
s

<latexit sha1_base64="SxyfxEaWxF69tYsxyZQvW2c2nLo="></latexit>

0 <latexit sha1_base64="E0hSJgFSyUZQCTL7ZjzEV2ZSUJc="></latexit>
! <latexit sha1_base64="W+F3cypyJzXhYZuOep3eTWwhILE="></latexit> Nf = 2

<latexit sha1_base64="gARw8ifKg073GGAHWdJAeftMnl0="></latexit>

N
f
=

3

<latexit sha1_base64="AI8I92/yEQTltLFNsHQFU+Iddg8="></latexit>

physical 
point

1st 
order

1st 
order

crossover

m u,d
<latexit sha1_base64="PUjPCs/Y0DvHkluI4stEPGb5jDA="></latexit>

!
<latexit sha1_base64="W+F3cypyJzXhYZuOep3eTWwhILE="></latexit>0

<latexit sha1_base64="E0hSJgFSyUZQCTL7ZjzEV2ZSUJc="></latexit>

m
s

<latexit sha1_base64="SxyfxEaWxF69tYsxyZQvW2c2nLo="></latexit>

0 <latexit sha1_base64="E0hSJgFSyUZQCTL7ZjzEV2ZSUJc="></latexit>
! <latexit sha1_base64="W+F3cypyJzXhYZuOep3eTWwhILE="></latexit>

mtri
s

<latexit sha1_base64="wcWQPEQ5l4mfgi/QnMbtEgv7scw="></latexit>

Nf = 2
<latexit sha1_base64="gARw8ifKg073GGAHWdJAeftMnl0="></latexit>

N
f
=

3

<latexit sha1_base64="AI8I92/yEQTltLFNsHQFU+Iddg8="></latexit>
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Overview 

Universal scaling behavior: Order parameter and scaling fields 
➡  New methods to estimate the chiral transition temperature   

Lattice setup: Discretization, update algorithm, scale setting, " 
Results: Towards the chiral limit of (2+1)-flavor QCD  
➡                                  from chiral susceptibility 

➡Consistency with O(4) critical point in the chiral limit                    

Plan for this talk: (2+1)-flavor 
Nf = 2
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Similar study: 3-flavor 

See also: 

T 0
c = 132+3

�6 MeV
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No direct evidence of first order transition for  
Upper limit for a critical Z(2) point: 

m⇡ & 80 MeV
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m⇡ < 50 MeV
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HotQCD: PRD 95 (2017) 074505

(2+1)-flavor: Scaling of conserved charge fluctuations 
➡Talk by Mugdha Sakar: Mo 15:20 

3-flavor: Phase diagram of QCD with background magnetic field 
➡Talk by Akio Tomiya: Th 14:20

HotQCD: 1903.04801
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Universal Scaling 

fs(t, h, L) = b�dfs(b
ytt, byhy, L�1b)
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Scaling hypotheses:

Free energy:

Effective model O(4)/O(2)/Z(2): (2+1)-flavor QCD:

3 relevant scaling fields

t
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map QCD to the 
effective model

controlled by non-
universal parameter:

t 0 , h 0 , l 0
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So far no evidence for H c =
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l

m s
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We assume                and determine 

Here we aim on the determination of these parameter

H c = 0
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Tc ! T 0
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Universal Scaling 

The order parameter: RG invariant combination of light and strange chiral condensate
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The susceptibility: RG-invariant chiral susceptibility
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Scaling functions and scaling variables:

�M = h�1
0 h1/��1f�(z, zL) + f̃sub(T,H, L)
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Critical point at  (z, z L ) = (0, 0)
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Known from the 
effective model

Contains corrections to 
scaling and regular terms

z = t/h 1/ ��
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Two scaling 
variables
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Determination of       — two new estimators      T 0
c
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Peak of                   is often used to 
determine      . The peak is located 
at                     . 

Scaling functions : Some intriguing facts
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Our approach : UsezX at
or close to 0. We choose
to work with
X = ! and 60 :
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Consider observables at 
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      receives only contributions from regular terms and 
finite volume corrections
T�
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        values are rather small,  
H dependence is reduced by 
two orders of magnitude

z!
60
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Lattice Setup

Use (2+1)-flavor of highly improved staggered quarks with degenerate light quark 
masses                     .(mu = md)

<latexit sha1_base64="7Grz9c7U+gf4hxVmR+xgjrgzSsw="></latexit>

Strange quark mass is tuned to its physical value, scale was set by using the kaon 
decay constant, for details see                                               . HotQCD PRD 90 (2014) 094503

The gauge action is Symanzik improved at tree level.

Gauge configurations have been generated using a RHMC algorithm with a leapfrog 
integrator on three different time scales and Hasenbusch preconditioning. 

At each temperature we performed simulations on lattices of size             , for three 
different values of                        .  

The light quark mass has been varied in the range                                          , 
according to a Goldstone pion mass in the range 

ml ! [ms/160,ms/20]
<latexit sha1_base64="ythTcu73pNkXB79TynHMu83cw4A="></latexit>

58 MeV . m⇡ . 168 MeV
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N 3
! N "
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N ! = 6 , 8, 12
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The spacial lattice extent,                    , has been varied in the range                              . N! = L/a
<latexit sha1_base64="lgBFRQimyWrE2q03Ie2MzC5vXQ4="></latexit>

4 ! N! /N" ! 8
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Results on the chiral susceptibility         and 
3
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FIG. 2. Quark mass (left) and volume (right) dependence of the chiral susceptibility on lattices with temporal extent N⌧ = 8.
The left hand figure shows results for several values of the quark masses. The spatial lattices extent N� is increased as the light
quark mass decreases: N� = 32 (H�1 = 20, 27), 40 (H�1 = 40), 56 (H�1 = 80, 160). The right hand figure shows results for
three di↵erent spatial lattice sizes at H = 1/80. Black symbols mark the points corresponding to 60% of the peak height.

tional to H, we then find for the pseudo-critical temper-
atures,

TX(H,L) = T 0
c

✓
1 +

✓
zX(zL)

z0

◆
H1/��

◆

+cXH1�1/�+1/�� , X = ! , 60 . (8)

The universal functions, zX(zL) may directly be
determined from the ratio of scaling functions,
f�(z�, zL)/fG(z�, zL) = 1/! and f�(z60, zL)/f�(zp, zL) =
0.6, respectively. The finite-size scaling functions
fG(z, zL), f�(z, zL) have been determined for the 3-d,
O(4) universality class in Ref. [19].

We will present here results on T� and T60 obtained
in lattice QCD calculations [20]. We calculated the chi-
ral order parameter M and the chiral susceptibility " M

(Eqs. 2 and 3) in (2 + 1)-flavor QCD with degenerate
up and down quark masses (mu = md). For our lattice
QCD calculations, performed with the Highly Improved
Staggered Quark (HISQ) action [21] in the fermion sec-
tor and the Symanzik improved gluon action, the strange
quark mass has been tuned to its physical value [22]
and the light quark mass has been varied in a range
ml 2 [ms/160 : ms/20] corresponding to Goldstone pion
masses in the range 58 MeV<⇠m⇡<⇠163 MeV. At each
temperature we performed calculations on lattices of size
N3

�N⌧ for three di! erent values of the lattice cut-o! ,
aT = 1/N⌧ , with N⌧ = 6, 8 and 12. The spatial lat-
tice extent, N� = L/a, has been varied in the range
4  N�/N⌧  8. For each N⌧ we analyzed the volume
dependence of M and " M in order to perform controlled
infinite volume extrapolations.

Results Ñ In Fig. 2 (left) we show results for " M on
lattices with temporal extentN⌧ = 8 for 5 di! erent values
of the quark mass ratio, H = ml/ms, and the largest
lattice available for each H. The increase of the peak
height, " max

M , with decreasing H is apparent. This rise is
consistent with the expected behavior, " max

M ⇠ H1/��1+
const., with ! ' 4.8; however a precise determination of
! is not yet possible with the current data.

In Fig. 2 (right) we show the volume dependence of

" M for H = 1/80 on lattices with temporal extent N⌧ =
8 and for N�/N⌧ = 4, 5 and 7. Similar results have
also been obtained for N⌧ = 6 and 12. We note that
" max
M decreases slightly with increasing volume, contrary

to what one would expect to find at or close to a 1st or
2nd order phase transition. Our current results, thus, are
consistent with a continuous phase transition at Hc = 0.

Using results for " M and M we constructed the ra-
tios H" M/M for di! erent lattice sizes and several values
of the quark masses. This is shown in Fig. 3 (left) for
the lightest quark masses used on the N⌧ = 12 lattices,
H = 1/80. The intercepts with the horizontal line at 1/!
define T�(H,L). For H = 1/80 and each of the three
temporal lattice sizes we have results for three di! erent
volumes on which we can extrapolate T�(H,L) to the in-
finite volume limit. We performed such extrapolations
using (i) the O(4) ansatz given in Eq. 8 as well as (ii)
an extrapolation in 1/V . The latter is appropriate if,
for large L, the volume dependence predominantly arises
from regular terms and the former is appropriate close to
or in the continuum limit, if the singular part dominates
the partition function. In the former case we use the ap-
proximation z�(zL) ⇠ z5.7L , which parametrizes well the
finite-size dependence of T� in the scaling regime [19].
The resulting fits are shown in Fig. 3 (middle). We note
that results for fixed H tend to approach the infinite vol-
ume limit more rapidly than 1/V , which is in accordance
with the behavior expected from the ratio of finite-size
scaling functions. The resulting continuum limit extrap-
olations in 1/N2

⌧ based on data for (i) all three N⌧ values,
as well as (ii) N⌧ = 8 and 12 only, are shown as horizontal
bars in this figure. An analogous analysis is performed
for H = 1/40. Finally, we extrapolate the continuum re-
sults for T�(H,1) with H = 1/40 and 1/80 to the chiral
limit using Eq. 8 with z�(0) = 0. Results obtained from
these extrapolation chains, which involve either an 1/V
or O(4) ansatz for the infinite volume extrapolation, and
continuum limit extrapolations performed on two di! er-
ent data sets, lead to chiral transition temperatures T 0

c

in the range (128-135) MeV. The resulting values for T 0
c
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 no nearby first order transition

      values increase with increasing 
volume. 
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Results on the ratio                   and 
4
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FIG. 3. Left: The ratio H�M/M versus temperature for N⌧ = 12, ml/ms = 1/80 and di↵erent spatial volumes. Middle:
Infinite volume extrapolations based on an O(4) finite-size scaling ansatz (colored bands) and fits linear in 1/V (grey bands).
Horizontal bars show the continuum extrapolated results for H = 1/80. Right: Finite size scaling fits for T� based on all data
for H  1/27 and all available volumes. Arrows show chiral limit results at fixed N⌧ and horizontal bars show the continuum
extrapolated results for H = 0.

are summarized in Fig. 4.

As the Þts shown in Fig. 3 (middle) suggest that the
O(4) scaling ansatz is appropriate for the analysis of Þnite
volume e↵ects already at non-zero values of the cut-o↵,
we can attempt a combined analysis of all data available
for di↵erent light quark masses and volumes at ÞxedN⌧ .
This utilizes the quark mass dependence of Þnite-size cor-
rections, expressed in terms ofzL and, thus, intertwines
continuum and chiral limit extrapolations. Using the scal-
ing ansatz given in Eq. 8, it also allows to account for the
contribution of a regular term in a single Þt. Fits for Þxed
N⌧ based on this ansatz, using data for all available lat-
tice sizes andH  1/27, are shown in Fig. 3 (right). For
each N⌧ the Þt yields results for T�(H,L) at arbitrary
H. Some bands forH = 1/40 and 1/80 are shown in
the Þgure. As can be seen, forH = 1/80, these bands
compare well with the Þts shown in Fig. 3 (middle). For
each N⌧ an arrow shows the corresponding chiral-limit
result, T�(0,1). We extrapolated these chiral-limit re-
sults to the continuum limit and estimated systematic
errors again by including or leaving out data forN⌧ = 6.
The resulting T 0

c , shown in Fig. 4, are in complete agree-
ment with the corresponding numbers obtained by Þrst
taking the continuum limit and then taking the chiral
limit. Within the current accuracy these two limits are
interchangeable.
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FIG. 4. Summary of fit results. For details see text.

Similarly we analyzed results forT60 on all data sets
using the same analysis strategy as forT�. As can be seen
in Fig. 4, we Þnd for each extrapolation ansatz that the
resulting values forT 0

c agree to better than 1% accuracy
with the corresponding values forT�. This corroborates
that the chiral susceptibilities used for this analysis re-
ßect basic features of theO(4) scaling functions.

Performing continuum extrapolations by either includ-
ing or discarding results obtained on the coarsest (N⌧ =
6) lattices leads to a systematic shift of about (2-3) MeV
in the estimates for T 0

c . This is reßected in the displace-
ment of the two bands in Fig. 4, which show averages
for T 0

c obtained with our di↵erent extrapolation ans¬atze.
Averaging separately over results forT� and T60 obtained
with both continuum extrapolation procedures and in-
cluding this systematic e↵ect we Þnd for the chiral phase
transition temperature,

T 0
c = 132+3

�6 MeV . (9)

Conclusions.— Based on two novel estimators, we
have determined the chiral phase transition temperature
in QCD with two massless light quarks and a phys-
ical strange quark. Eq. 9 lists our thermodynamic-,
continuum- and chiral- extrapolated result for the chi-
ral phase transition temperature, which is about 25 MeV
smaller than the pseudo-critical (crossover) temperature,
Tpc for physical values of the light and strange quark
masses [5].
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Combined chiral and infinite volume extrapolation 4
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FIG. 3. Left: The ratio H�M/M versus temperature for N⌧ = 12, ml/ms = 1/80 and di↵erent spatial volumes. Middle:
Infinite volume extrapolations based on an O(4) finite-size scaling ansatz (colored bands) and fits linear in 1/V (grey bands).
Horizontal bars show the continuum extrapolated results for H = 1/80. Right: Finite size scaling fits for T� based on all data
for H  1/27 and all available volumes. Arrows show chiral limit results at fixed N⌧ and horizontal bars show the continuum
extrapolated results for H = 0.

are summarized in Fig. 4.

As the fits shown in Fig. 3 (middle) suggest that the
O(4) scaling ansatz is appropriate for the analysis of finite
volume e↵ects already at non-zero values of the cut-o↵,
we can attempt a combined analysis of all data available
for di↵erent light quark masses and volumes at fixed N⌧ .
This utilizes the quark mass dependence of finite-size cor-
rections, expressed in terms of zL and, thus, intertwines
continuum and chiral limit extrapolations. Using the scal-
ing ansatz given in Eq. 8, it also allows to account for the
contribution of a regular term in a single fit. Fits for fixed
N⌧ based on this ansatz, using data for all available lat-
tice sizes and H  1/27, are shown in Fig. 3 (right). For
each N⌧ the fit yields results for T�(H,L) at arbitrary
H. Some bands for H = 1/40 and 1/80 are shown in
the figure. As can be seen, for H = 1/80, these bands
compare well with the fits shown in Fig. 3 (middle). For
each N⌧ an arrow shows the corresponding chiral-limit
result, T�(0,1). We extrapolated these chiral-limit re-
sults to the continuum limit and estimated systematic
errors again by including or leaving out data for N⌧ = 6.
The resulting T 0

c , shown in Fig. 4, are in complete agree-
ment with the corresponding numbers obtained by first
taking the continuum limit and then taking the chiral
limit. Within the current accuracy these two limits are
interchangeable.
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FIG. 4. Summary of fit results. For details see text.

Similarly we analyzed results for T60 on all data sets
using the same analysis strategy as for T�. As can be seen
in Fig. 4, we find for each extrapolation ansatz that the
resulting values for T 0

c agree to better than 1% accuracy
with the corresponding values for T�. This corroborates
that the chiral susceptibilities used for this analysis re-
flect basic features of the O(4) scaling functions.
Performing continuum extrapolations by either includ-

ing or discarding results obtained on the coarsest (N⌧ =
6) lattices leads to a systematic shift of about (2-3) MeV
in the estimates for T 0

c . This is reflected in the displace-
ment of the two bands in Fig. 4, which show averages
for T 0

c obtained with our di↵erent extrapolation ansätze.
Averaging separately over results for T� and T60 obtained
with both continuum extrapolation procedures and in-
cluding this systematic e↵ect we find for the chiral phase
transition temperature,

T 0
c = 132+3

�6 MeV . (9)

Conclusions.— Based on two novel estimators, we
have determined the chiral phase transition temperature
in QCD with two massless light quarks and a phys-
ical strange quark. Eq. 9 lists our thermodynamic-,
continuum- and chiral- extrapolated result for the chi-
ral phase transition temperature, which is about 25 MeV
smaller than the pseudo-critical (crossover) temperature,
Tpc for physical values of the light and strange quark
masses [5].
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FIG. 3. Left : The ratio H ! M /M versus temperature for N⌧ = 12, ml /m s = 1/ 80 and di↵erent spatial volumes. Middle:
Infinite volume extrapolations based on an O(4) finite-size scaling ansatz (colored bands) and fits linear in 1/V (grey bands).
Horizontal bars show the continuum extrapolated results for H = 1/ 80. Right: Finite size scaling fits for T� based on all data
for H ! 1/ 27 and all available volumes. Arrows show chiral limit results at fixed N⌧ and horizontal bars show the continuum
extrapolated results for H = 0.

are summarized in Fig. 4.

As the Þts shown in Fig. 3 (middle) suggest that the
O(4) scaling ansatz is appropriate for the analysis of Þnite
volume e! ects already at non-zero values of the cut-o! ,
we can attempt a combined analysis of all data available
for di! erent light quark masses and volumes at ÞxedN⌧ .
This utilizes the quark mass dependence of Þnite-size cor-
rections, expressed in terms ofzL and, thus, intertwines
continuum and chiral limit extrapolations. Using the scal-
ing ansatz given in Eq. 8, it also allows to account for the
contribution of a regular term in a single Þt. Fits for Þxed
N⌧ based on this ansatz, using data for all available lat-
tice sizes andH ! 1/ 27, are shown in Fig. 3 (right). For
each N⌧ the Þt yields results for T�(H, L ) at arbitrary
H . Some bands forH = 1 / 40 and 1/ 80 are shown in
the Þgure. As can be seen, forH = 1 / 80, these bands
compare well with the Þts shown in Fig. 3 (middle). For
each N⌧ an arrow shows the corresponding chiral-limit
result, T�(0, " ). We extrapolated these chiral-limit re-
sults to the continuum limit and estimated systematic
errors again by including or leaving out data for N⌧ = 6.
The resulting T0

c , shown in Fig. 4, are in complete agree-
ment with the corresponding numbers obtained by Þrst
taking the continuum limit and then taking the chiral
limit. Within the current accuracy these two limits are
interchangeable.
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Similarly we analyzed results for T60 on all data sets
using the same analysis strategy as forT�. As can be seen
in Fig. 4, we Þnd for each extrapolation ansatz that the
resulting values for T0

c agree to better than 1% accuracy
with the corresponding values forT�. This corroborates
that the chiral susceptibilities used for this analysis re-
ßect basic features of theO(4) scaling functions.

Performing continuum extrapolations by either includ-
ing or discarding results obtained on the coarsest (N⌧ =
6) lattices leads to a systematic shift of about (2-3) MeV
in the estimates for T0

c . This is reßected in the displace-
ment of the two bands in Fig. 4, which show averages
for T0

c obtained with our di ! erent extrapolation ans¬atze.
Averaging separately over results forT� and T60 obtained
with both continuum extrapolation procedures and in-
cluding this systematic e! ect we Þnd for the chiral phase
transition temperature,

T0
c = 132+3

�6 MeV . (9)

Conclusions.— Based on two novel estimators, we
have determined the chiral phase transition temperature
in QCD with two massless light quarks and a phys-
ical strange quark. Eq. 9 lists our thermodynamic-,
continuum- and chiral- extrapolated result for the chi-
ral phase transition temperature, which is about 25 MeV
smaller than the pseudo-critical (crossover) temperature,
Tpc for physical values of the light and strange quark
masses [5].
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Our fits show that the O(4)-scaling Ansatz 
is appropriate already at finite        . N⌧
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Summary and Outlook 

Find that O(4)-scaling Ansatz works reasonably well. 

Obtain within error the same results when taking chiral and 
continuum extrapolations in different order 

Presented the first study of      that controls all systematics.T 0
c
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Summary: 

Outlook: 

Introduced two new estimators for     .T 0
c
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Further calculations at small      might help to be more confident 
about the O(4) scaling and to investigate and/or investigate       
further.  
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Comparison of the conventional pseudo critical temperature with 
the two new estimators. 

     is about               smaller than the chiral crossover temperature       . 25 MeV
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µ B > 0
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Scaling arguments and model calculations 
suggests a hierarchy of 4 important 
temperature values in the QCD phase 
diagram:

T

µB
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So far we have determined the first two: 

Tpc = 156.5 ± 1.5 MeV > T 0
c = 132+3

! 6 MeV
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                               can thus be seen as an 
upper boundary for the temperature of a 
possible critical end-point        . 

T 0
c = 132+3

�6 MeV
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c > T tri > T cep
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Is there a finite      ?Order of chiral transition : work in progress....
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H c
<latexit sha1_base64="YQ8wBvD8mrffBpakHJyWMMuwqjc="></latexit>

A finite       would require that the ratio               drops to zero already at some finite 
value                . Unlikely for                         . 

Hc
<latexit sha1_base64="YQ8wBvD8mrffBpakHJyWMMuwqjc="></latexit>

M/ �M
<latexit sha1_base64="qqCz1V3t2FncSImva3h7Iz5sLbU="></latexit>

H = Hc
<latexit sha1_base64="UWSfIGoGr0WkDvUEmKscIRoUops="></latexit>

Z(2) lines are schematic:                                            , a mixing of temperature and 

magnetization like directions is neglected. 

!
<latexit sha1_base64="uk1p7lxEYO5Fgcn2GE2dctCp3y8="></latexit>

M

�M
= (H � Hc )

f G(z)

f �(z)
<latexit sha1_base64="KV+GCiQgmz1x2xZntyuxoJSCmQc="></latexit>

m⇡ > 55 MeV
<latexit sha1_base64="XX2RPKB7SWdysFgBqGiEtEaXtQg="></latexit>

Need more data at small    .H
<latexit sha1_base64="h3F3qrw0jWTpNbBr/M2+Qbp2F5k="></latexit>

!
<latexit sha1_base64="uk1p7lxEYO5Fgcn2GE2dctCp3y8="></latexit> Need to investigate further the             restoration temperature.UA(1)

<latexit sha1_base64="UcpdVsuNWiFOOYNYIZRFnswWvwk="></latexit>
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Comparison with the conventional estimator for T 0
c

<latexit sha1_base64="elynF4VpuTqLSlWioDTf8+o+mnk="></latexit>

Preliminary comparison with conventional estimator

Disclaimer : All Tpc

numbers and T� for
H = 1/27 are not
infinite volume
extrapolated.

Still compares well.

In thermodynamic limit,
as we have seen earlier,
Tpc will presumably
increase which may pull
down T 0

c , more closer to
the current estimate.
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HotQCD prelim
inary

Stability of new estimators are vivid.
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Conventional methods leads to slightly 
higher values for      .  

Mass extrapolation of      andTp
<latexit sha1_base64="5oMrytrT9zEzLbgRBIwIbV5CZVw="></latexit>

T!
<latexit sha1_base64="jlU2cGaraqoYiPHNEJoXPyRSuDQ="></latexit>

T 0
c

<latexit sha1_base64="elynF4VpuTqLSlWioDTf8+o+mnk="></latexit>

No infinite volume extrapolation for 
H = 1 /27

<latexit sha1_base64="35431euyM4RRDQ9PRwEVtCsJrU0="></latexit>

yet. This might help to reduce 

the tension between the two extrapolations. 

Additional data at small      needed.  H
<latexit sha1_base64="h3F3qrw0jWTpNbBr/M2+Qbp2F5k="></latexit>

The stability of the new estimator is 
evident.


