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Introduction
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e The nature of the chiral phase transition of Many Flavor QCD
IMFQCD] depends on the number of flavors and the masses.
Pisarski and Wilczek, PRD 29, 338 (1984) and many lattice calcs.

e EW baryogenesis in TC models.

Appelquist, Schwetz and Selipsky, PRD52, 4741 (1995);
Kikukawa, Kohda and Yasuda, PRD77 (2008) 015014

e Towards the study of this possibility,
we consider 2(light)+Nr(heavy)-flavor QCD, propose an easy
way to explore the phase structure and demonstrate the
feasibility of the method.
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Re-weighting method
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e Start with the partition function with 2+N-flavor QCD.
Ne+2
Z(B,my, ) = /DUDWM Espe i /DU eONeiwel || (det M(my, py)).
f=1

lejf(det M(my, puy)) — (det M(my,0))? (det M, 1) )2 ﬁ (det M(mh,0)>

T det M(my,0) ) ;- \ det M (o0, 0)
e Ny flavors are heavy and the chemical potential for u and d quarks
are small.
< 2 N, Sl z
B det M(mb ,u) o Z 15 . (11’1 det M) (ﬁ) n M:quark matrix
sdet Ml 0)] - <~ nl| - Ou/T)" T P :plaquette
C2:Re[Polyakov loop]
_det M(Iih,O)- 4 3 N
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Re-weighting method
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Expectation value in 2+N¢flavor QCD and 1ts #- and mn-dependence can be
calculated by ensemble average over two-flavor QCD configurations upto

truncation errors.
‘/eﬂ‘"(Pyﬁa ml,mh,u) = —1ﬂw(2+Nf)(P>5,mhmh,M)



Re-weighting method
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Expectation value in 2+N¢flavor QCD and 1ts #- and mn-dependence can be
calculated by ensemble average over two-flavor QCD configurations upto
truncation errors.
Ver (P, B, my, my, ()
Vo(P, B)

— In w(2+Nf) (Pa 57 iy, M, :u)

‘/eff(Paﬁamlaooao) e —lnw(2+Nf)(P,ﬁ,m1,oo,O)



Re-weighting method
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Expectation value in 2+N¢flavor QCD and 1ts #- and mn-dependence can be
calculated by ensemble average over two-flavor QCD configurations upto
truncation errors.
Vig(P, B, mu,m, ) = —lnw@™0(P 3, my, my, p)
Vo(P,8) = Veg(P,B,m1,00,0) = —Inw@) (P, 8 m,, o0, 0)

Vveff(Pvﬂvmhalu) e %(Paﬁ()) o lnR(P;ﬁvmlamhnu;ﬁO)

Two-flavor part Effect of additional heavy flavors
Always single well



Re-weighting method
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Expectation value in 2+N¢flavor QCD and 1ts #- and mn-dependence can be
calculated by ensemble average over two-flavor QCD configurations upto
truncation errors.
Vig(P, B, mu,m, ) = —lnw@™0(P 3, my, my, p)
Vo(P,8) = Veg(P,B,m1,00,0) = —Inw@) (P, 8 m,, o0, 0)
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Two-flavor part Effect of additional heavy flavors
Always single well
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Heavy quark mass and Nrdependence
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In R(P; B3, kn, 0; By) = In R(P; kn,0) + (plaquette term) + O(lifytﬁ)
<5(P — P) exp[6hN§’Q]>
LIPSl

B o Q= 2

g
where
h = 2N¢(2k1)"" for the Wilson quark action
h = Ni/(4 x (2my)"t) for the staggered quark action

Heavy quark dependence and N~dependence can be
parameterized in a single parameter 4.



Result: In R

Two-flavor QCD confi uratlons:
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p4-improved staggered quark &
500 ———— . . | | . — the standard plaquette gauge
L S gamr=0"1; .
A | 10,000-40,000 trajs.

4% V=163x4,
| 16 B in [3.52, 4.00].
T/T=[0.76,1.98].

Mps/My~0.]
[C.R. Allton, et al., PRD71,054508 (2005)]
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Calculated with 7 =[0.01, 0.07]
» InR increases with /.

o= » Rapid increase @ P~0.81
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Result:
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Ist term 1s calculate in two
different ways (black and red).
Maximum of the 2nd term

exceeds 1st term at P~0.81 for
h = 0.06.

There 02Vesi/0P? is negative.
= 1st order phase transition



Comments
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» he =0.0614(69) = 2 Nt (2Knc)M
» Critical kappa Knc becomes small as Ny increases.
» For example, for Nr=10, Knc~ 0.118.

» Convergence of the HPE 1s studied in quenched theory in [Ejir1 et al.
in preparation|, and found to be (LO)~(NLO) @K}, ~ 0.18.

» Study of phase structure at finite density can be done in the same
footing. [S. Ejiri, PRD77, 014508 (2008)]

» We found that a finite 4 also makes Knc small.



Summary and outlooks
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v In general, QCD with many flavors is computationally
demanding.

v/ We proposed an easy way to explore the phase
structure of MFQ, and gave the critical mass.

v Future works:
- Quantify the strength of 1st order transition

- Check the universal power behavior at the tri-critical
point



Structure around the tri-critical point
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Meanfield approximation
predicts
mMic ~ (mh_th)S/Z.

The power (5/2) 1s
independent of M.



