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QCD Phase Diagram
Landscape of our investigations
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QCD Phase Diagram
Landscape of our investigations
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Introduction

- New research triangle Wroclaw — Goérlitz — Dresden/Rossendorf: UWr — CASUS & DZA - HZDR
- Landscape of investigations: QCD Phase Diagram

Towards a unified approach to quark-nuclear matter

Generalized ®-derivable approach with clusters; cluster virial expansion

Hadrons (mesons, baryons, multiquark states) as clusters in quark matter — Mott dissociation of clusters
Beth-Uhlenbeck approach to thermodynamics of quark-hadron matter

Chemical freeze-out as ,jinverse“ of the Mott effect for hadrons (xSB) and nuclear clusters (Pauli blocking)

Relativistic density functionals for quark matter with confinement

- Density functional for warm, dense quark matter; chiral symmetry breaking and color superconductivity
- Quark confinement as density functional - effective Nambu model with density-dependent couplings
- Phase transition construction and hybrid neutron star properties
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Unified EOS for quark-hadron matter

Cluster virial expansion & Beth-Uhlenbeck EoS
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Unified approach to quark-nuclear matter c,\, CASVUS

Clustering aspects in the QCD phase diagram

nuclear neutron stars deconfinement HB
saturation

From: N.-U. Bastian, D.B., et al., Universe 4 (2018) 67; arxiv:1804.10178
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d-derivable approach to cluster virial expansion
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Green’s function and T-matrix, separable approx.

7 2 i L2 1
7
TR (i " Ty
b i J 7

The T4 matrix fulfills the Bethe-5alpeter equation in ladder approximation

Tj+j(1., 2.yl 1’._, 21, i .A!;E) = V;_H = & V!ﬂﬁ;{ﬂnﬂ :

which in the separable approximation for the interaction potential,

Vigr =l i -5 Sovsi B 000 e i (G 4175 (6 3-8,

leads to the closed expression for the T4 matrix
; : . : —1
Tl 2 opi + 5152 00 (i H5)52) = Vi {1 =T ¥
with the generalized polarization function

I_IH-_J" = B {rf+j G::G}FH_J Gjﬂ}}

e (i 44)) .

The one-frequency free i—particle Green's function is defined by the (i — 1)-fold Matsubara sum

(0} ;. _ 1 1 1
Gi (L2 niif) = Yy o EQ) =ED) "+ (o) —E()

_  (-fi)1-h)...A—K)—(VhbH.. f
= O, —E(1)—E(2)—...E()) :
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Useful relationships for many-particle functions

0 0 ‘ z ¥ = 0)s- 2 : 5
Gf+j G,'f+j(1,2,-..?;+_;;ﬂ,-+j) 2 ZG}}[LE,...?;;Q;)%! Wit 1,i+2,...,i+i;9) .

Another set of useful relationships follows from the fact that in the ladder approximation both,
the full two-cluster (i 4+ j particle) T matrix and the corresponding Greens' function

:+_,r i+_j' {1 r'+j}_1 (1)

have similar analytic properties determined by the i + j cluster polarization loop integral and are

related by the identity

0
Tiyj G,{Jrj VitiGitj - (2)
which is straightforwardly proven by multiplying Equation for the T;,;— matrix with G!.{_E} and

using Equation (1). Since these two equivalent expressions in Equation (2) are at the same time
equivalent to the two-cluster irreducible @ functional these functional relations follow

- 0
Tisj = 60/6G)

Vi = 60/5G; .
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Generalized Beth-Uhlenbeck EOS from &-deriv.

B SYSTEMS UNDE
Consider the partial density of the A—particle state defined as

804 5 d*q [ dw 5

np(T,p)=——=——d f—ln —G + Tr(X4 Ga)| + d[G;, G, G;

A( ) B EW A (211_]3 o [ ( A ) { A AJ] ,Z [G i i+}]
Using spectral representation for F(w) and Matsubara summation i +J'U'= A

) oo dw ImF(w) A 1
SO gt = N - W B NS _
—oo 27 w — iz, o W — izp expl(w — p)/T] — (—1)

with the relation 8fy(w)/Op = —Ofs(w)/Ow we get for Equation (3) now

- 8®[G;, G ,Gal
HA(T,;_.L} = _dAJr 2—}3' f fA(W}B— [I]Il In ( G 1) =+ Im(E‘q GA]] -E—Z £ 1 ;_.:J A -

where a partial integration over w has been performed For two-loop diagrams of the sunset type holds a cancellation® which
generalize here for cluster states

O®[Gj, Gj. GA]
f{z }3/—A(w}—(ReEA ImG,) — !Z B =0.
A

Using generalized optical theorems we can show that (Ga = |Ga| exp(ida))

L [IrnIn (—G_l) I ReGA] = 2Im [GA Im¥ 4 9 6 ImEA] —2sin? 5,4%
Bw A .

Ow
The density in the form of a generalized Beth-Uhlenbeck EoS follows
A

s 85
(T, 5) =3 (T, p) = Zd —= ]3f fiw)2sin® 5, .

i=1

*n; Vanderheyden & G. Baym, J. Stat. Phys. (1998), J.-P. Blaizot et al., PRD (2001)
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Example: deuterons in nuclear matter

B SYSTEMS UNDERSTANDING
The ®—derivable thermodynamical potential for the nucleon-deuteron system reads
02— —TI‘{|n(—Gl)} — "ﬁ-{ZlG1} + TI‘{|n(—G2)} + TI‘{Eng} + d)[Gl, Gz] &

where the full propagators obey the Dyson-Schwinger equations

1,2) = z— Ei(;) — Za(L,2); G, (12,12, 2) = z — Ei(p1) — Eap2) — X2(12,1'2, 2),

with selfenergies and ¢ functional I/,,-f---\\l
21(1,17) 0 oy (12,179 . %) i B Xt
= z ] = = e
e 5Gi(1,17) " TR §G2(12,127,2) ’ ’

fulfilling stationarity of the thermodynamic potential 8Q/8G; = 82/8G, =0 .
For the density we obtain the cluster virial expansion

1 902

n= _Fa = nqu(p, T) + 2ncorr(p, T)

with the correlation density in the generalized Beth-Uhlenbeck form

d5(E)

nmrr_/ 2sm O(E)——= IE
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Unified approach to quark-nuclear matter ‘ cgﬁus
Cluster virial expansion for quark-hadron matter

SYSTEMS UNDERSTANDING

Q = ) [Trh (-G +Te(%i G)] +®[Gg, Gu, Gp, Ga] |

When ¢ functional for the system is given by 2-loop diagrams holds

0Q
i = T Zana(T 1)

d ] = TP 005(w,
R L e L =

Analogous for the entropy density s = —9Q/9T.

David Blaschke - Beth-Uhlenbeck approach to quark-hadron matter
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Cluster virial expansion for quark-hadron matter

The cluster decomposition of the thermodynamic potential is given as

Qtutal( T'| L, ¢)1 &) . QPNJL( T'.I L, (.351 qg) -+ Qpert( T._, I, qb d—)) =t QMHRG( T? I, ¢’& 5)1

where the first two terms describe the quark and gluon degrees of freedom via the
mean—field thermodynamic potential for quark matter in a gluon background field i/

Qe (T, i, ¢, 0) = (T, 1, 6, 0) +U(T, &, )

with a perturbative correction Qper( T, i, @, @).
The Mott-Hadron-Resonance-Gas (MHRG) part for the multi-quark clusters is

Quire (T, 1, ¢, 0) = Y Q(T,p,,9),
i=M,B,...
where the multi-quark states are described by the GBU formula:
Q2
n = ~ap Zana(T,p}

a8

d d3 3 T ; - dda(w,
= Toa [ L [ { - [0 fast s 0?2l

where d; is the degeneracy factor, a is the number of valence quarks in the cluster an

>

féa}’”L, [ff}’_] are the Polyakov-loop modified distribution functions.
Analogous for the entropy density s = —9Q/0T.

David Blaschke - Beth-Uhlenbeck approach to quark-hadron matter 18
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Polyakov-loop modified distribution functions

B SYSTEMS UNDERSTANDING

For multiquark clusters with net number a of valence quarks holds

- 3
f(a).t (acven) (¢ —2¢yE )y + vy
@ o - 3 X
' 1—3(¢— dyi)ys — i
= 3
[(a) (2 odd) (& +2¢yF )y + v
( &

= g 31
1+3(¢+ ¢y )y +yi

where y+ = e=(EFa)/T and E, = \/p2 + M2,

It is instructive to consider the two limits ¢ = ¢ = 1 (deconfinement)

f(a=024,.)£ _ yi f(a=135,..)f _ i
e L—ye © ¥ 1 g
and ¢ = ¢ = 0 (confinement),
3 3
f(a:ng,:t,... Yok }’ai Ir{s.~:173,5,...),i o Jf’ét
$=0 - 3 T¢=0 o 3
1 —ya 1+ys
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B SYSTEMS UNDERSTANDING
Inputs: mass spectrum & phase shifts (models)
10t p———— A I T 35— M)
= | B N 155 |
p: P 3k | : ——- 157 _
I e
1w00k- - _ _ E:"ﬂ’," /"/l ] i .""- _ ;{B)g 1
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g : B 215
_ / al i
- e s zafie ae w = e
L 100F E 3
= 15F | -
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[ —- M, ! ] 051 i
-—= My |
..... ['hadnrﬂ | g s N
10 T Il[][) 200 300 400 D{) 2000 2500
T [MeV]

D.B., M. Ciernak, O. Ivanytskyi and G. Ropke, arXiv:2308.07950; EPJA 60 (2024) 14
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B SYSTEMS UNDERSTANDING
Inputs: mass spectrum (Particle Data Tables)
Mesons Baryons
PDG - [ di [ Mppc | M: | My, | Mg, PDC d; | Mepc M; MZ, | Mg,
mesons [MeV] | [MeV] | [MeV] | [MeV] baryons [MeV] [MeV] [MeV] | [MeV]
at [ 3 140 140 1254 11.2 n/p 4 [ 939 939 1881 | 16.8
Kt/K® | 4 | 494 494 | 1397 | 129.6 A 2 | 1116 1082 2024 | 135.2
n 1 | 548 878 | 1349 | 90.1 b3 6 | 1193 1082 2024 | 135.2
pt /0" 9 | 775 783 | 1254 | 11.2 A 16 | 1232 | 1251*") | 3135 28
w 9 783 783 1254 | 11.2 =" 2 | 1315 1225 2167 | 253.6
K*t/K*® | 12| 895 806 | 2651 | 140.8 = 2 | 1322 1225 2167 | 253.6
7 1| 960 878 | 1349 | 90.1 r(1385) | 6 | 1385 | 1394™) | 3278 | 146.4
ao 3 | 980 | 10957 | 2508 | 22.4 A(1405) | 2 | 1405 | 1394**) | 3278 | 146.4
fo 1 | 980 | 1095 | 2508 | 22.4 N(1440) | 4 | 1440 | 1251™) | 3135 28
o 3 | 1020 | 1069 | 1540 | 248
N(2195) | 36 | 2220 | 1251** | 3135 28
m2(1880) | 15 | 1805 | 1095*) | 2508 | 22.4 $(2250) | 6 | 2250 | 1394*) | 3278 | 146.4
f2(1950) | 5 | 1944 | 10957 | 2508 | 224 Q7(2250) | 2 | 2252 | 1680 | 3564 | 383.2
a4(2040) 27 1996 1095 2508 224 N(2250) 20 2975 1951*%) 3135 28
f2(2010) | 5 | 2011 | 10957 | 2508 | 22.4 A(2350) | 10 | 2350 | 1394 | 3278 | 146.4
f4(2050) | 9 | 2018 | 1095%) | 2508 | 22.4 A(2420) | 48 | 2420 | 1251*) | 3135 28
K:(2045) | 36 | 2045 | 1238%) | 2651 | 140.8 N(2600) | 24 | 2600 | 1251*%) | 3135 28
¢(2170) | 3 | 2175 | 1381%) | 2794 | 259.2
f2(2300) | 5 | 2297 | 1095%) | 2508 | 22.4
f2(2340) = 2339 | 1005*) | 2508 294 ... and colored clusters (model) !

D.B., M. Ciernak, O. Ivanytskyi and G. Ropke, arXiv:2308.07950; EPJA 60 (2024) 14
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Inputs for the phase shifts (models)

B SYSTEMS UNDERSTANDING

3.5 ——— o T I e e e e e e e e e N 35—

_ T [MeV] _ T (MeV] |
aessn: 130 e " | ; : weemne . 130
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i i : —_— ;lz?g 2‘5__ i : E 251 i :'\ \\\ —_ 210
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1.5 : : 15+ ]l b‘ 1 15 : ' \ \\
| | I ! I 1 \
i ! 1 L \ N
] ! E AN
I : r ‘l " i i : ‘ 1: \ \ N
ost 1 | osf 1! st L 4 % N N
: ] IR
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0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
w [MeV] w [MeV] w [MeV]
Step-up (SU) model — Step-up-step-down model  Step-up-continuum model

Hadron Resonance Gas — Mott Hadron Resonance Gas (MHRG)

D.B., M. Ciernak, O. Ivanytskyi and G. Ropke, arXiv:2308.07950; EPJA 60 (2024) 14
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Results for Mott-Hadron Resonance Gas (MHRGJ

SYSTEMS UNDERSTANDING

15— 15_..

—— —
ue/T=0 /T =3.0
[ e SU i ] [ = SU ]
12517~ SUSD = 12:5: = = SuUsDh N
L —— SUC 1 po— QUC i 1
-, Borsdnyi et al., i [ Borsdnyi et al.,
PRL (2021) i il PRL (2021)
10F 3 . 10 .
= | =
— - -..a -
2750 - £75F i
= | s [
v i A L
ol 9 sl _
25 L . 25 -
{} I L il L D i L L
0 250 0 250

D.B., M. Ciernak, O. Ivanytskyi and G. Ropke, arXiv:2308.07950; EPJA 60 (2024) 14
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Unified approach to quark-hadron matter Y CASUS
Entropy for MHRG: role of the sin?term

B SYSTEMS UNDERSTANDING

15 """"" 1 i iz ¥ v 1 1 . ¥ ! 1 ‘,' ! ' ' ' 15 """"" 1 1 1
I He/1T=0 ] I ps/T=3.0
......... SU damssanar SU
| —--—=- SUSD H | —=—=- SUSD
9] E - : - 9] E -
]2.Jl — SR - _:'. ‘ ]2.Jl — SR -
L . —.  SUCw/o sin’-factor : L . —.  SUCw/o sin’-factor
Borsdnyi et al., 1 i Borsdnyi et al.,
wl. PRL (2021) / ] wl. PRL (2021) 1
= =
~ - i I
Sg 75 . Sg 75
| = |
B B
5L 5L
2o 2o
0 1 I 1 I L I 1 1 I i L Al i A L & I & L 1 I L I L L 1 i L L L &
0 50 100 150 200 250 0 50 100 150 200 250

D.B., M. Ciernak, O. Ivanytskyi and G. Ropke, arXiv:2308.07950; EPJA 60 (2024) 14
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B SYSTEMS UNDERSTANDING

Unified approach to quark-hadron matter

Results for the entropy density

20

p.BJlT=U

20

.
/T =3.0

Bors4nyi et al., PRL (2021) Borsényi et al., PRL (2021) ,..-~—=
to[ai .
15 - 15 pErs T
‘01'31
10— - 10 _
5 5
5k .« gluons — ] L s = Iuons-':-
a’fl 4 : 5 I,.' d - g
I s i/
I: 54 i i /
- F. % - I';l‘
- ons T A elias L s e Lolored
. hads t gplored clusters " = padron _Fjr‘ - ::._‘_‘Chrsrers
. ] I .2
~— _ perturbative A F S ]
L correction | S perturbative |
_5 1 i 1 i 1 i 1 ; I _B I . | , | i | correction =~
0 50 100 150 200 250 300 0 50 100 150 200 250 300
T [MeV] T [MeV]

D.B., M. Ciernak, O. Ivanytskyi and G. Ropke, arXiv:2308.07950; EPJA 60 (2024) 14
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Unified approach to quark-hadron matter (' Y, CASYS
Results for pressure=thermodynamic potential

5 ———

: l.lB/T=0

I— Bors?ny@ et al., PRL (2021)
The pressure is obtained by i i T
integrating the entropy density j ff”‘
over temperature : y

3 .
s(T) = dp(T) / dT £ /

8 | Z
> p(T) = [dT" s(T) 2 / !
Excellent agreement with : f
Lattice QCD thermodynamics ! il / I

00 | l(l)O | 2(|)0 | 3(|)0 | 4(|}O | 5[|}0 | 600

T [MeV]
D.B., M. Ciernak, O. Ivanytskyi and G. Ropke, arXiv:2308.07950; EPJA 60 (2024) 14
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Unified approach to quark-hadron matter _Y, SASYS
B SYSTEMS UNDERSTANDING
Results for the entropy density & composition
20 T T T T I\F===" 1 E
L —— m/T=3.0 | c
. —  m/T=20 —P
| ——- mw/T=10 bkt
wriien Al T=0 0.1 =
151 -
0.01 =
| o'k
Sr ] L
: 107
Dﬂ 50 100 150 200 2508950 1000 "}_i[} I 50 I 100 150 | 200 ‘ 250 | 300
T [MeV] T [MeV]

Abrupt hadronisation (change in the composition) at the chiral crossover transition with Tc=156 MeV

- important for understanding chemical freeze-out in ultrarelativistic heavy-ion collisions.

D.B., M. Ciernak, O. Ivanytskyi and G. Ropke, arXiv:2308.07950; EPJA 60 (2024) 14
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Chiral condensate & baryon susceptibilities

------- T 12—
1L “\/""f.f-.,__ ¢ Borsanyi et al., JHEP (2010) | - Bazavov et al., PRD(2017) |
| — ch.clzo -
N— V&w| i V@ﬂl(gTv-T)f( 5\!)+V(|.
VQ:29fl'Il_ =

0.75f Ty =163 McV
Sy=13 MeV
0.5} . ;
0,75 .
< R
Z 05 -
ol
: 025! .
~0.25} § :
~0.5— P N S 0
100 250 100 250 300
T [MeV] . T[MeV]
Smooth crossover for the chiral condensate, Ratio of baryon susceptibilities shows:
Despite abrupt change in the composition! Importance of (repulsive) virial corrections among

D.B., O. Ivanytskyi & G. Ropke, in preparation (2024)  baryons, modeled, e.g., by excluded volume ..
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Applications to cool hybrid neutron star matter

e SYSTEMS UNDERSTANDING
Si=n (M) = 7 O(M — M;) O (M}™ — M) ,

Step-up-step-down phase shift model for N

< Sicq(M) =71 O(M — M;) ,
o— - US™ = D@n)n7? +an, Confining density functional model for g
P! 1 - 2 1 D T O A I Y I T " T = | ! | ! | !
[ 940 = / ! . _
2000 - / T - ~ 140~ _ _ .
O 930 — e 2 = P |
| —e—-= # . e, TR O("c?z;f
1750 5400 [~ N/ . = 120+ P i =i 6{? N
— - /‘ - o H‘\. ()}'
- -4 B v N2 I VI | ] b - 5 O}) i
QO by 0] 01 02 03 o E Qy.  ~~< ~ Hs
= 1500 | o 100 - gy e ~ 2 N
= = Ve cluster exp. (CE) Qdd \'“'-.\. N 6)?6
12500 N —— 2-phase FoS ; B Toy o s ™ 5
B N 3 - -—- = quark EoS v S0+ 20 Ny N _
= A - = nucleon EoS 2 1’\5’ \\\ \\
1000 | -~ —— MCinCE =, - e S8 & :
! = F T \\ N\
C : ot e s [l i o 60~ T N
1= ' e e e |40 — NN
82; nucleons 40 E N 7 ) \\ N
oa i «=— - quarks =] =
” 8;__ — = MCinCE L= _ \‘. T
0 — — 20 — ! V-
' T E o 04 |
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Chemical freeze-out in heavy-ion collisions (' A SASUS
B SYSTEMS UNDERSTANDING

Hinverse“ of Mott dissociation by XSR or Pauli blocking
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Chemical freeze-out in heavy-ion collisions (' A SASUS
B SYSTEMS UNDERSTANDING

Hinverse“ of Mott dissociation by XSR or Pauli blocking

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII_ 7\||| |||\||||| \|||‘|||\|||\\ ||7
160 —
---------- ] . 160 | . - X
i - 1 With quark : 4 . ,
— — 1 . = " ——— DD2F - RDF (25C QM L
C ] decon Inement‘ 140 | /; DD2F - SFM [(norm?l Q)M) i
120 - 120 o _
- . - 2SC QM T ]
5‘100:_ _: % 100 | . —
2k i -normal QM 5 _ | .
= 8o — = 80- ! : 7
- [ = Freeze-out line 7 = r q
- Tuon, o P=<P>, . 60 -
60:_ L Ideal HRG _: [ 7
40 - —_— Liql{id—gss transition (a) = Th an kS to 40 Sl __
- Lattice GCD (b) b 20
[ ===e=e= QvdW-HRG freeze-out line (c) 1 .. . I ; T
20__ o Ideal HRG (d) ] OIekS“ |VanytSkyI 'Ziill]u'ilrj:g::;s"'ct:exlj‘st?nc‘el L | / LN |7
0:||||||‘|||||L|D‘|v-|ﬁ|.|e|r?3:|-|m|:|{e|]|||||||||||||||||||||‘|| |||: 01 02 03 04 05 06
1] 100 200 300 400 500 600 700 800 900 1000 n [fm'S]
i [MeV]
T LI T R
. . 100 [ | —- X:M[T)
High temperature, low baryon density: R S
F X =0003.Y =05
- XSB entails confinement of hadrons and clusters T s on
. . . — DD2E-SEM (normal QM)
- chem. Freeze-out coincides with LQCD crossover E
50 —
. . . =
Intermediate temperature (30-100 MeV), high density:
— Pauli blocking destroys nuclear clusters
— Mott dissociation line for clusters (a) = freeze-out line
L1 I| L L L L I | | L L L L1 \‘ L L L1
0™0.001 6or 0.1
D.B., S. Liebing, G. Rdpke, B. Donigus, arXiv:2408.01399 n [fm ]

David Blaschke - Beth-Uhlenbeck approach to quark-hadron matter 31



Relativistic density functional for quark matter
What is new? O. Ivanytskyi & D.B., Phys. Rev. D 105 (2022) 114042

Interaction 1/ = Do [(1+a)(qq)3 — (74)* — (7i750)?]”

e Parameters

Dy - dimensionfull coupling, controls interaction strength

« - dimensionless constant, controls vacuum quark mass

(gqg)o - x-condensate in vacuum (introduced for the sake of convenience)

=13 =1
Y Y
motivated by String Flip model Nambu—Jona-Lasinio model
Usem < (gt q)?/3

OUsepm

Lspm = a(q*q) X (q+q>_1f3

o< separation

e Dimensionality

4] = energy*

(o] = esergy® = [Do)s=1/3 = energy” = [string tension]

self energy = string tension x separation = | confinement




Relativistic density functional for quark matter

Expansion around mean fields

U= Uwr +(99—-(99))Ls — Gs(qq — (qq))” — Gps (ﬁfFTECI)iJr -

N

o
0th order 15t order

@ Mean-field scalar self-energy
_ OUmF
9(qq)

o Effective medium dependent couplings

2s

1 O?UpE *UnF

Gs =

Gps = —

i
- 29(qq)?’ 6 9(qiTs5q)?

e ol

2nd order
L1. I p
G g = G Ps
A -restored
GS F Gpg phase
[ A -broken
41 phase
qF
yfrmanmes NJIL--=-=-=-=-==-=3 -
—_— G AP = U
—  GpN’ HB
li.l 56 H.IFU ]!ljf.l 200 250



Relativistic density functional for quark matter
EOS and Mass-radius diagram for hybrid neutron stars
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Observational constraints prefer early onset of deconfinement
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Polish-German WE-Heraeus Seminar &
Max Born Symposium:

- 03.12.

06.12.
2023

Many-particle systems T
under extreme conditions
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(3m¢)

/ Wr DC+ t‘i‘.-'*'u"SkLi HELMHOLTZ ZENTRUM
DRESDEN ROSSENDORF
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Understanding complex systems with data T

CASUS pushes the frontier of data-driven complex systems science -

Complex
Systems § (.}

Science

CASUS — The center for data-driven complex systems science



>

70 people, 20 countries, the brightest minds { Dby

Dr. Ricardo Martinez-Garcia
Dynamics of Complex Living Systems

PRINCETON
UNIVERSITY

Dr. Michael Hecht
Mathematical Foundations of Complex System Science

MAX PLANCK INSTITUTE y@ ,. |
: N : St

Dr. Weronika Schlechte-Welnicz
SCULTETUS Center

B <@ crTD

Theraptes TU Dnesdes

Prof. Dr. Justin Calabrese
Ecological Data Science

) Smithsonian

Dr. Attila Cangi
Matter under Extreme Conditions

| Sandia National Laboratories

\ Dr. Artur Yakimovich
' Machine Learning for Infection and Disease



Professor University S
of Arizona (Faculty) 3 CH%HS‘
Dr. Jesse Alston -

COLLEGE OF AGRICULTURE & LIFE SCIENCES
ZAS Natural Resources
*| & the Environment

Excellence recognized

—\-'.‘-ec-.l'. ."_I-‘;‘-l Ky -

Fullbright scholarship
Dr. Debanjan Konar

ULBRIGH

ERC Starting Grant
Dr. Tobias Dornheim

s CASUS/UWr joint Professor
s Prof. Dr. David Blaschke K‘!m



‘ N e

RO, .‘C\ CASUS

: o , CENTER FOR ADVANCED- ‘ :
sy o gl b Nogs - ¢ SYSTEMS UNDERSTANDING®
p Q . www.casus.science - T o U
. . . o (3
. ® : . P
- . ™ "oag o

A Frelstast
E SACHSEN




ﬁZA New: The German Centre
for Astrophysics (DZA)

Research
Technology
Digitization
»Science Creating Prospects
for the Region!"”

Scientific Commission: 13. July 2022
Structural and Transfer-Commission: 30. August 2022
Final decision (Approval): 29. September 2022
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Why in Saxony? Lusatia is a unique region for
Astrophysics, Technology and Digitization

| Location for R
the Low
Seismic Lab

TECHNISCHE
@ UNIVERSITAT
DRESDEN

FESLUHER

A center for astrophysics
with advanced data
intensive computing and
technology development.




JWST results — primordial black holes ! f\, CASVUS

& CENTER FO
y
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Talk at University of Wroclaw

by Gunther Hasinger,

Founding director of the
German Centre for Astrophysics
In Gorlitz:

Primordial BHs

Key role plays the QCD
hadronization transition !

Different peaks correspond to
different particles created at the early
universe phase transitions and the
corresponding reduction in the sound
velocity.

T BH mass corresponds to the horizon
pions . .

size at each time.
Chandrasekhar Mass_

Protons & % Only requirement is enough

neutrans =™ fluctuation power in a volume fraction
' of 10-° of the early Universe.

0.001 } ]
Carr, Clesse, Garcia-Bellido 2019

M (M)
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Lepton Flavor Asymmetries ZhZA

Baryon asymmetry is roughly 10-11,
Lepton flavor asymmetry could be as large as 102

This has significant consequences for the QCD phase
transition!
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JWST results — primordial black holes !

New constraints on PBH mass function m

Original MACHO & OGLE
microlensing constraints
(Wyrzykowski, L., et al. 2011,
solid). Reanalysis of the MACHO
constraints on PBH in the light of
the new Gaia MW rotation curve
(Garcia-Bellido, 1. & Hawkins, M.,
2024, dashed)
New 20-yr OGLE microler 5 1Q
con Stz‘&i"“lL, (Mroz, P. Ct al., al ,\nf
2403.02386).
Search for Subsolar-Mass Binaries
in the First Half of Advanced LIGO's
and Advanced Virgo's Third
Observing Run.
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