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2D COLUMBIA PLOT mg; — myq AT =0

Deconfinement first order region towards the continuum limit
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2D COLUMBIA PLOT mg; — myq AT =0

Deconfinement first order region towards the continuum limit
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Saito et al. (2012) , doi.org/10.1103/PhysRevD.84.054502.
Fromm et al. (2012), 10.1007/JHEPO1(2012)042.



doi.org/10.1103/PhysRevD.84.054502
10.1007/JHEP01(2012)042

Merit KNOWING THE ORDER OF THE TRANSITION

o Analysis of the order parameter @ = Ly, || L||, 7 distribution and of its
moments

B, ((O0), 8,m,u, V) = Bn(B;m, 1, No) = <(<(O_<(<Q(>9)>2)>nn>/2

the condition Bs(8;m, u, Ny) = 0 VYN,

Vm, u identify 3. b
® Vm, u identify S by {the crossing of By(8;m, u, N, )vs for different N,

@ B4(B.,X), along with the critical exponent v(8., X), depends on the order
of the transition at that given X, with X = 8,m, u

Bi(Be, X,N,) = (o= o)h)

1.604, 2"%orderZ,
g, Nomo | 2, tricritical

6301, 2"%orderZ
WX, N,) ~ 0.6301, . c?r.er 9
No—o | 0.5, tricritical

F. CUTERI - GOETHE UNIVERSITY




FINITE SIZE SCALING (FSS) ANALYSIS

Critical mass out of a multi-branch fit of the kurtosis at the transition
— V; — V>V; — V3>V,>V; — V=0

3

=y
1.604
1
(X_Xc)
B4(X, Na-) = B4(XC, (73) +c1x+ o CB3 + O(SU4)
z=(X - XN, X =8, m, u

Better method: quantitative collapse of the rescaled kurtosis around X,

F. CUTERI - GOETHE UNIVERSITY JuNn 23, 2017 6 / 20



FEATURES OF THE HEAVY MASS REGION

e UV cutoff effects: m, 2 O(1) GeV with am, > 1
» location of Z> boundary not trustworthy in m, at current lattice spacings
o Finite size effects

» While a — 0 we need N, — o0 to keep the size of the box fixed
» Current strategy: locating the Z> boundary via FSS analysis

* at least 3 different and large enough Ns(per m)
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FEATURES OF THE HEAVY MASS REGION

e UV cutoff effects: m, 2 O(1) GeV with am, > 1
» location of Z> boundary not trustworthy in m, at current lattice spacings
o Finite size effects

» While a — 0 we need N, — o0 to keep the size of the box fixed
» Current strategy: locating the Z> boundary via FSS analysis

* at least 3 different and large enough Ns(per m)

Devised alternative (cheaper) strategy: locate the Z boundary in two steps
@ identify at some m the minimal physical volume V,,,;,
> reliable extraction of m. out of a linear fit of the kurtosis
© Locate the Z boundary at a different m, N,

> e.g. reweighting the effective potential V.5; at one fixed V' 2 Vinin
Saito et al. (2012), 10.1103/PhysRevD.84.054502

F. CUTERI - GOETHE UNIVERSITY
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MINIMAL PHYSICAL SIZE OF THE BOX

By(#, Ny) = By(kie,0) + ¢ (k — k) NS (1 + BNY—vm)

‘

N, = 40

1\"0:-'—18

3 f M= 1 By(ke, 0) = 1.604
. -k v = 0.6301
e _x
: — ye — yn = —0.894
SRR — 1
I =
L Jin et al. (2017), arXiv:1706.01178
~ N Karsch et al. (2001),
M= 10.1016/80370-2693(01)01114-5
L L L L L L L L

1
0.105 0.11 0.115 0.12 0.125 0.13 0.135 0.14
K

Smaller volumes gradually excluded from multi-branch fit till B = 0 within errors
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MINIMAL PHYSICAL SIZE OF THE BOX

By(#, Ny) = By(kie,0) + ¢ (k — k) NS (1 + BNY—vm)

Zs / Z3
7”!1(]7}! ’IYL,

vy
a 0 e °
Bi(ke, 0) = 1.604
miy, M3,

@<a e o . v = 0.6301

Yt — Yh = —0.894
O-ig” e Jin et al. (2017), arXiv:1706.01178
Karsch et al. (2001),
a0 > 10.1016/50370- 2693 (01)01114-5
heavy

0 \\_J
Smaller volumes gradually excluded from multi-branch fit till B = 0 within errors

PRELIMINARY RESULTS

N, Ke a [fm] amq my [MeV] Vinin [fm?’] Lyin [fm]
6 0.0890(27) [0.118(1):0.123(1)]  [3.108:2.241]  [5198(35):3589(15)] 50 3.68

8 0.1128(29) [0.088(1):0.002(1)] [2.131(1):1.397(1)] [4768(22):2995(33)] 45 3.56

F. CUTERI - GOETHE UNIVERSITY
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2D COLUMBIA PLOT mg; — myq AT =0

At least two possible scenarios on the nature of Ny = 2 chiral transition
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2D COLUMBIA PLOT mg; — myq AT =0

At least two possible scenarios on the nature of Ny = 2 chiral transition
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Direct (expensive) approach: p =0 and m, 4 — 0

Svetitsky, Yaffe (1982), 10.1016/0550-3213(82)90172-9
Pisarski, Wilczek (1984), 10.1103/PhysRevD.29.338



10.1016/0550-3213(82)90172-9
10.1103/PhysRevD.29.338
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FrOM /™ TO j =0 ALONG THE Z; LINE
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@ Only qualitative agreement between different discretizations
(cf. staggered Bonati et al. (2014), 10.1103/PhysRevD.90.074030)

@ Unimproved Wilson: no need for extrapolation using tricritical scaling law

@ Expected shift of uiZ"’ (Muy,q) to smaller m,, g as a — 0 (cf. F.C. et al. (2016),
10.1103/PhysRevD. 93.054507)



 10.1103/PhysRevD.90.074030
10.1103/PhysRevD.93.054507

ROBERGE-WEISS TRANSITION IN Ny =2 QCD

(Unimproved) staggered fermions on N, = 6

- From fit analysis I
T T T ‘ ‘ T T T T T T

0.7
L 27 order % ; %{ {'{ I
0.6 | { i h T‘

X 05 rT %L Tricritical %

Only 2 volumes

- From quantitative collapse
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Two sets of data: quantitative collapse of the rescaled kurtosis as alternative to fit
(details in Sciarra (2017), github.com/AxelKrypton/PhD_Thesis)
Smallest/Highest masses still running



github.com/AxelKrypton/PhD_Thesis

ROBERGE-WEISS TRANSITION IN Ny =2 QCD
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PRELIMINARY RESULTS
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DIFFERENT DISCRETIZATIONS COMPARED
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@ on N =4 and a ~ 0.3 fm (Bonati et al. (2011), 10.1103/PhysRevD.83.054505) it Was
found m!'¢ ,, ~ 400 MeV. Shift of 14% toward smaller masses for N, = 6

@ the analogous shift going from N, = 4 to N, = 6 with unimproved Wilson
discretization was of about 35%
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@ on N, =4 and a ~ 0.3 fm (Bonati et al. (2011), 10.1103/PhysRevD.83.054505) it was
found mfr’”gfght ~ 400 MeV. Shift of 14% toward smaller masses for N, = 6
@ the analogous shift going from N, = 4 to N, = 6 with unimproved Wilson
discretization was of about 35%
e Wilson O(a) improved results from Burger et al. (2013), 10.1103/PhysRevD.87.074508

(Twisted Mass) and Brandt et al. (2014), arXiv:1310.8326 (clover)

F. CUTERI
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 10.1103/PhysRevD.87.074508
arXiv:1310.8326
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CONTINUOUS Nf IN THE PATH INTEGRAL

@ Partition function describing Ny flavors of degenerate mass m

Zu (o Ny) = [ DA[det M(A,m ) e
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CONTINUOUS Nf IN THE PATH INTEGRAL

@ Partition function describing Ny flavors of degenerate mass m
Zu (o Ny) = [ DA[det M(A,m ) e

o Phase diagram in the Ny vs m plane
> mz,(Ny) line constrained by tricritical scaling in the chiral limit
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CONTINUOUS Nf IN THE PATH INTEGRAL
@ Partition function describing Ny flavors of degenerate mass m
Zu (o Ny) = [ DA[det M(A,m ) e
o Phase diagram in the Ny vs m plane
> mz,(Ny) line constrained by tricritical scaling in the chiral limit
@ o0 many interpolations such that limy, .23 Z(Ny = 2.9) = Z(Ny = 2,3)
IN;=2 4 = /DU [det M (U, m, p)** e=5¢

INymi1 = /DU[detM(U,mhu)]z[detM(U7m2,u)]e_SG

the relative position of N}”C w.r.t. Ny = 2 has to be uniquely determined by
every interpolation
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CONTINUOUS Nf IN THE PATH INTEGRAL
@ Partition function describing Ny flavors of degenerate mass m
Zu (o Ny) = [ DA[det M(A,m ) e

o Phase diagram in the Ny vs m plane
> mz,(Ny) line constrained by tricritical scaling in the chiral limit

@ o0 many interpolations such that limy, .23 Z(Ny = 2.9) = Z(Ny = 2,3)
Iny—2y = /DU [det M (U, m, u))*# eS¢
INymi1 = /DU [det M (U, my, )]? [det M (U, mq, p)] e~ 5¢
the relative position of N}”C w.r.t. Ny = 2 has to be uniquely determined by

every interpolation

@ at non-integer Ny our theory lacks locality and does NOT correspond to a
well defined QFT in the CL

F. CUTERI - GOETHE UNIVERSITY JuN 23, 2017



FURTHER INSIGHTS INTO THE PHASE DIAGRAM

We still do not know the order of chiral transition for Ny = 2
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FURTHER INSIGHTS INTO THE PHASE DIAGRAM

mz,(Ny) according to the second order scenario
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FURTHER INSIGHTS INTO THE PHASE DIAGRAM

mz,(Ny) according to the first order scenario
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TRICRITICAL SCALING REGION IN mz,(Ny)
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Bonati et al. (2014), 10.1103/PhysRevD.90.074030,
de Forcrand and Philipsen (2003), 10.1016/j.nuclphysb.2003.09.005

2/5 ric
mz/2 (Ny) = C (Ny — N]tf ) Xidf:1 =0.28



 10.1103/PhysRevD.90.074030
 10.1016/j.nuclphysb.2003.09.005

TRICRITICAL SCALING REGION IN mz,(Ny)

N{Te = 1.75(32)
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o Width of the scaling window in m same as found in the extrapolation from p;

o Cheapest extrapolation while changing N, ?
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THANK YOU!
(...and A. Sciarra for plots from his PhD thesis)
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