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The n(k) at T=0
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Age < Coleman, Many-body Physics, 2015 Migdal, JETP, 1957, Luttinger, PR, 1960
free Fermi gas (FFG) -,

Scale of Interaction Energies

-}U‘Iﬁ? Migdal-Luttinger jump
1 (effective mass)

m/ nf .
high momentum tadl
no interaction kF 20%-25%
I
Fermi-Dirac :

even at T=0, there is a high momentum tail
(HMT) in the single nucleon momentum
distribution function n(k)

exp|(u — Ex)/ksT]| + |
(thermal effect : T # 0)
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Short-range correlations (SRCs): ~ |fm

correlation

——
two-body density : p(x,x") = [| + F(x,x")|p(x)p(x') | |
(probability of finding one nucleon at i and another at /')

J Fourier transform e s

ThlS work
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. ~ 1% (k) 4 v " [
Kl voonseow=conse KI* oo relation oceurs at ~ I fm

<> short-range correlations (SRCs)

leading-order term

Amado, PRC, 1976 in pion-less EFT

Hammer et al., RMP, 2020
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Tensor force and OPEP

o) : .
about 4% hlgh-momentum (HM) component in Ericson and Rosa-Clot, ARNPS, 1985
deuteron wave function < d-wave (L=2) Ericson and Weise, Pion and Nuclei, 1988
(i) the presence of a large high-momentum component of the deuteron wave function: '@Eﬁégop; WAVE FUN[nopJS | r
06 i
f U5 (k)8(k —0.3GeV/c)d’k ~(3.5-5)% ; OPE
(ii) dominance of the D-wave in the high-momentum component: FOES el
0.4 .
J wH(k)8(k - 0.3 GeV/c) *k ~ (3-4)% ; d-Wave component denominates
at large momentum k EMPRICAL
Frankfurt and Strikman, Phys. Rep., 1988 w b OPE » .
' J 4y .
| f 2 [e=mnr 47 f '
Vort(X) =% — —0(x)| () -72) (11 - T /
OPT( ) 3 471' r m%. ( ) ( ! 2) ( I 2) Paris
tensor operator l . \ . |
| f* 3 3 e "’ _.P 0 : 2
= |‘|‘ + 2.2 S|2(’?_"|-T2) ¢ [fm] 3 “ 3
34m mgr mzr r
small r: u : s-wave function

w : d-wave function

Vore(x) ~ < singular <+ manifestations as SRCs
‘ r <> tensor force <> np>>pp
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SRC pairs in nuclei and nuclear matter

a,(A) = ni. /np : probability of finding a HM pair in nucleus A relative to deuteron
Po S 2.5 &> ¢oke < 700 MeV (exp.)

6 B é]%lg | ¢o : high momentum cutoff
514 N3L00m:l - Co : HMT strenghth
- @ a, exp. daltaI | ke \ 4
NN 41 % = SNM: nk Co (ﬁ) for k|: S |k’ 5 ¢0k|:
31 é g n HMT _ Poke 0 ol 0 |
i i Rios et al., PRC, 2014 | - F
1 1 | 1 | 1 | 1 |

np fraction
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np dominance m68% C.L.
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SRC Pair fraction (%)

az(OO) ~7+1: Esmgle;dm\j
SNM: 28% 4+ 4%: PNM: 1 %-2% np Bnn Mpp

50 100 A

—
of

Subedi et al., Science, 2008; Hen et al., Science, 2014
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Bremsstrahlung Gamma Ray Emission ""*" {ﬁ"k%

Z.G. Xiao Group, Tsinghua University

}F,rﬁ ijf SNM: =~ 20% in '1245n
p—» P PP n—» 7 (IBUU-MDI simulation)

: I : 8
n > ! > n n > : > n p > ) > n
10° 601
104' i ‘_l_'i. I \\{
107 240 i
1 T 5
s < . {
Q -
© 10% < 20 }
q :
101, § Experiment = e Quadratic Fitting
BN Systematic Errors *‘\\ 0l o ¢ Experimental Data
0 20 40 60 80 100 0 10 20 30 40
E}C,m [MeV] Ruwmr (%)

6 Xu et al., PRC, 2026



Scaling factor from ab initio with chiral EFT

i : el ) XSNM ~ a7 * Xdeut
a, ~ 5.2 = 0.2 consistent with Xiao’s group result ——

7.0

6.0

| T T T I 1
" % N?LO Et Ry= 1.0 fm
- § N2LO Er Ry=12fm
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B Saturation 1 * |
® | |
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Lynn et al., JPG, 2020




Pure neutron matter:
B.J. Cai and B.A. Li, PRC, 2015
25 .
4 ,// //’J e
: 20 //,/’/
\S 2 7 rad
&) g .
15 .00 0.01 0.02
T &
E f,‘,;-cJ; 0":{'
| S )
g 0 II,:;:'U Q(\\ v ﬂﬁ‘ao'&‘\;ol
= < L e
& A Beﬂsc\\ pase® #  QMC
= 5 ,’/i lattice QCD
! & . QMC (update)
S | i chiral EFT
3 unitary Ferni gas EFT (|a|—c0)
8.00 0.05 0.10 0.15 0.20
neutron density p (fm %)
2
3k I S50 (|
PNM: E, (p) ~ 2 oF_ | ¢ — _
"0) % 5om 1€~ iea ) ~ 3 kg

Bertsch, 1999; Bulgac, PRL, 2005

Tan’s contact relations

)]

¢ ~ 0.4: Bertsch parameter; ( ~ v = |: universal

18

Tan Relations and the Contact
Parameter

S.N. Tan, Ann. Phys., 2008

unitarity condition: |a| >d >r

a('Sy) ~ —18.8fm; d ~ po_l/3 ~ |.8fm; r~ 3 ™ 0.7 fm
d(pE,
—>an'§’4 = —47M dgg—'; (adiabatic sweep theorem)
G(l—¢7) =x~1%2% A >dZr




Similarity: ultracold Fermi gas & finite nuclei

ultracold Fermi gas and nuclei: @) =~w - osm 11 5
(1) differs by =25 orders of magnitude in density 2_ _Ej‘g”% :'EEE’“ : g
(2) Fermion-Fermion interactions are very different 1.5 1! 8
< 7 " 054
Ol | AtomicGas 40k atoms —_ B ' =V
L‘ 4 %%‘0 +5Li Atoms %0'5; deuteron R
- '.'NUCIel "c'“?A : —l TP B P
o % . obo Izcu u 'sl_‘:: 0: B B 0
B A ¢
of k: = 1.6 eV/c Nuclei
- p=10¥m?3 ) 4r * .,
1 2_:__:. ______ . *
L ke = 2.5x108 eV/c - e
a = p=10%m? A
e e 5 1,15 2 2
02 45 4 05 0 05 0 05 1,15 >
(k_a)y k' = |k|/kg
ce uantum nature o €se€ many-bo systems Hen et al., PRC, 2015
deep quant t fth y-body syst
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Summary: n(k) with (isospin-dependent) HMT ¢

Hen et al., RMP, 2017; Hen et al., Science 2014

LO& MoMENTUM DISTRIBTION

NucleolN MoMeENTUM
nuclear interaction is more complicated (p, 9, k, spin)
spectral function: A(k,w) = 2ImG(k —i0") ~ do

hole ekzki/fM_”
A(k,w) /21 = Zy6(w — ) +continuum
° dw C
o / 2 Al ) = Z6(~a) + 736(a)

\)NH/{c
="e 5 ﬁ q £ ?
{502 FUDAN UNIVERSITY

zero-momentum depletion

-~ A+ B(IkI/K), 0 < [k < K.

K(p;0) =
G (ki /[Ke])*, ke < |k < pki

P="Po (1 +7P9)

25% HMT: SNM } o
— strong isospin dependence

19%-2% HMT: PNM

analogy: angle-resolved photoemission spectroscopy (ARPES)->electron wf

. removal of nonlinearity (Ex,angle)-(Eq,k)
aw image detector inhomogeneities correction conversion
mesn € F| 3 5 5
o 2 u a
. (= c c
mce R e b v
o u o =]
hosph o E} E’ ‘g
OSpRor ; = k-] =
camera D — — == -
angle angle angle momentum
D - dispersion analysis: MDC / EDC fitting - spectral feature enhancement
aaaaaa lysis . N g
. - self-energy extraction - spectral weight analysis
techniques " i e =
- energy gap analysis = multi-dimensional fitting

10 Sobota et al., RMP, 2021



Early derivations on n(k) with a k4 HMT

THE MOMENTUM DISTRIBUTION IN A DILUTE FERMI GAS AT

ZERO TEMPERATURE

W. CZYZ*t and K. GOTTFRIED tt
Institute for Theovetical Physics, Universily of Copenhagen, Denmark

Received 2 September 1960

According to (11), n(p) varies as p~* when (p/pg) — co. The expressions
given above are not, however, expected to be valid when pa > 1, since the
detailed structure of the interparticle force, and not just the S-wave scattering
length, comes into play for such large momenta. Therefore the p—*-dependence
should only be taken seriously when the inequalities ¢ > px and pa <1
are satisfied simultaneousl

new features:
(1) sizable fraction of HMT nucleons: ~25% (SNM)
(2) isospin dependence of the HMT (SNM+PNM)
(3) without the restriction of smallness: ke*a<<|

(4) experimental data available (e.g., HIAF, JLab, ...)
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We quote the values of the function n (p)

Czyz and Kottfried, Nucl. Phys., 1960
Belyakov, JETP, 1961;Sartor and Mahaux, PRC, 1980, ...
THE MOMENTUM DISTRIBUTION OF PARTICLES IN A DILUTE FERMI GAS

V. A. BELYAKOV
Moscow Engineering Physics Institute
Submitted to JETP editor November 26, 1960
J. Exptl. Theoret. Phys. (U.S.S.R.) 40, 1210-1212 (April, 1961)

The first two terms of the expansion in powers of the gas parameter of the momentum dis-
tribution of particles in a non-ideal Fermi gas are obtained, using a perturbation method.

x = |k|/ks

eral points:
n(0) =1 —2(3na®/a)" (l —+1In 2) :
n(py—0) = 1—2 @na¥/m)" (5 +

n(py +0) = 2 (3na¥/m)" (]n2 — =

METHODS OF
QUANTUM FIELD THEORY
IN STATISTICAL PHYSICS

A. A. Abrikosov, L.|
Revised English Edition T

n(p) = (4/9x% (3ha3/n)"‘ as p-»oc.

“(FG < |

orkov, & I. E. Dzyaloshinski
ed and Edited by Richard A_ Silverman




Kinetic EOS with SRC-HMT

kinetic energy per nucleon (kinetic EOS):

parabolic approximation

n ; ,
, | k Ekm ( ) —~ Ekm( ) _ Ekm
kin _ . pP)~ P 0 (p)
E“"(p, ) = p )? Z/ M m(p,0)dk| || __ Free Fermi Gas. . ym n
- A \4'_
kinetic energy densny gkin(p §) 5B
|
v B.A. Li, et al., PPNP, 2018
20 . | EF B.J. Cai and B.A. Li, PRC, 2016
- FFG ; :
ot ': i
S SR O 1 e K
%’ 5 T Ta 1 kg ks
~ -10 | % SCGF(N’LO) e
i . b gggizﬁ:ﬁ) P o % 1 (I) about 28% np at HM state in SNM — Eqy(p) is enhanced
27 20 - @ scGF(cD Bonn) 2 -
[ @ BFH(AV18) L Zz ] (2) 1%-2% neutrons at HM state in PNM — E,(p) ~ free Fermi gas
-30 F ¥r FHNC ‘7423“{ L 2
: Hen ot al.. 2015 Moy, 23 (3) symmetry energy =~ PNM-SNM (parabolic approximation)
40 .

12



Where these high-momentum protons live?

p,(r) (i)

(r) (MeV/c)

loc
II<p4fn

{ﬁﬂk?

FUDAN UNIVERSITY

protons move faster than neutrons in neutron skins

0.10
0.08
0.06
0.04
0.02
500

400
300
200
100

BJ Cai, B.A. Li and L.W. Chen, PRC, 2016

T T T I T T T | T T T I T T T

208 Pb

IIIIIIIIIIIIIIII[I

el b)

o _T_I_I'_I'n'._l_Tl'IIIIIIIIIII IIIIIIIIIII]

2 4 6 8 10 12
r (fm)
13

" .Welzsacker term: 1y[p)| =

Hen et al., Science, 2014

S’ 45
s | 1
A 4ol I
C Fe™Mp Fel __——" Pb
R e 1
- B 1 <Tn>
anl- _ . ; :
20 40 60 80 100 120 140 160 180 200

extended Thomas-Fermi (TF) approximation (ETF*):

() = gy lrelp] + 7l + -]

2 ke 2 3 2 2/3 5/3
TF term: 7r¢[p)] = W/n. Kk2n) dk = 3(37r )

fI); =1+ G (5¢;+ 3/¢) — 8) <> HMT factor

n (Va(r)? | |
3J6 pjj(r) +§APJ(’)

pj: 2-parameter Fermi distribution
[k (n)*/2m

local momentum: Ek'"( r/p(r) =



Correlation between neutron-skin and proton
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e — |/2 2 |/2 2 2
[ ] j— - k

neutron Skln ArnP <r31-> <rp> = (5'2)( > (']>2<kj>2 | + (g-rj)) + ((5’(‘;) ] + (521'](52,(} ~ const.

kin S Y 9!/ S——

prOton Skln AE <TP> o <Tn > Liolﬁﬁloentsﬁe?rem small relativ:ﬂuctuations q‘:i?::ge?g

uncertainty
[ i O LN LN L IR BREE R
— 70 | (a) ETF* T (b) SHF -
30 T ] F H(total, ®,=2.0911) T :
- 7 60 |- cumuse coencmaessemmmane | -
I ] - H (total,® =1.5978) + -
0.25 - = 50 [ e0S® WatiBfondP oy | -
j 1 B T 208 -
A i i X —g.2 A Pb .
= - i 40 [ e T s
2 0.20 L B ' ) T :
— - H (only o, @ =1) + H, :
= 30 L Yoo 06 900 004 9@ Lk Kk K Kk Kk Kk %k k Kk k k Kk k_
PREX C H (only o,® =1) TH a
0.15 20: GHW SO WG ¢ 0P 00 ::‘{r#*****f*f***'
Arnp random 0.159+0.041fm 0O 20 40 60 80 100 120

o0 Dol el el 7 - TR AE" random 7.9+2.7MeV L(MeV)
S ‘i M B.J. Cai, B.A. Li and L.W. Chen, PRC, 2016
AEpn (MeV) 14



Need a potential —> full EOS of NM

kinetic EOS:
r 3 =% B.J. Cai and B.A. Li, 2022
En(p,8) = — f — i (p,8)dk : 100 )
(p:9) p (27)? J:zn:p o 2M k(P 9) . eéfﬁnfl}gél o & Optical Model Fitting (€xperiment)
. o o b et QO FFG
kinetic energy density k" (p,d) B.A. Li, PRC, 2004 60 . HMT-SCGF O .
. * HMT-exp .O ® |
potential EOS: o —— Holtetal.,2016 O.'. 1"‘*
v mem Lictal, 2015 O "‘
Cﬂf = 20 ’
B (0,85 =3 L / dkdk'fi(x, k) (x, K)Q(k, k) =) ¥
- < 20
Aoz + 00 Awppp B [p =
EP(p,8) = —2— "2 4 2P0 (—) | — xo? &S5
den(p ) pro PPo o+ | o ( )
full EOS: 00
E(p, 8) = E“"(p, 6) + Ermsn(p 6) + Efen(p, 9) b 030 100 159200
o | =100 0 100 200 300 400 500 600
phase-space distribution: fj(x, k) = mnjk(p, 9) Fyin (MeV)
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=

Softening/reduction of total symmetry energy

2 B.J. Cai and B.A. Li, 2022 enhancement due to HMT<—> relevant for HICs
—— Heavy-ion Collision o 350 (a)  ==- FFG N 600 (b) J—
~ == Isobaric Analog State - — [~ —-- HMT-SCGF = - HMT-SCGF
501 _ _ FEG 1‘;.,-':.----' v 250 — HMTexp < 400
i : - Empirical g
=+ HMT-SCGF /‘ SRC ) 150 %% Lietal,, 2015 “"‘3 200
= 40+ g Holt etal., 2016 éﬁ
= = E 0
= :D? :5’ _-;-:""'-'-":.
= 301 enhancement
= 0% 200 400 600 soo  2%% 200 400 600 800
3 k(MeV k(MeV
5 201 (MeV) (MeV)
SRC np pairs
10+ /
197 : :
04 006 008 0.10

?)Lo 0.1 0.2 0.3 0.4 0.5
p (fm—?) k-space

SRC nucleon pairs tend to reduce the pressure of the
system, therefore softening the symmetry energy

16



Viewpoint from Hugenholtz-Van Hove Theore {ﬁﬂk%

SRC HMT 2
M:/M =~ 0.8 — k2/6M;; ~ 15MeV

k | e
Eom(0) = a3 Vom (e ke) AESTT(0)  Optical model: 2-'Ugm(pos ke) = 15-16MeV
SRC-HMT E (MeV)
o 0 50 100 150 200
Eym(p0) ~ 30-31 MeV > AES™T (5) ~ 0MeV 80— . S—
60 v vy glr;i;an]-ncal z gll(([ﬁi ]
K [k, kedU, . U : —Z Dhmr s oy |
L _ F NF 0 F 0 k sym g -
W=t oo Tk Mok |, 2
3 b""
+_Usm ,k +3Usm ,k —|-ALHMT
5 Usym (1 k) ym2(0, ke) (p)
SRC-HMT

'2 -' T I ce v e gy [ ot

Q.ﬁ 18 2 22 24 26 28 3 32
-1

g (fm )

SRC-HMT 17 Holt, Kaiser, and Miller, PRC, 2016

AL™ (po) # 0MeV — L(po) =~ 27 + 25 MeV




HMT in the form k% with o > 4

k* n(k) ,
Miller, PLB, 2018
0.0024}
0.0022}
0.0020}
0.0018} _ | _ | .
0.2 0.4 0.6 0.8 1.0

(1) HMT in the form of k~° with o > 4 exists

(2) after k~—* term, next contributions are k™%, k78, ---

18
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A,
4
C (ke /k)
o
D (ke/k)
100 ——— A
- | renormalization ( a)
10—1 strength Z
C(ke/k)*
10”
| —— extra jump

10°

4
- D(ke/K)°

-5
- TamT = 28% :

C=0.16 nucleons with

-6 - :
10 =22 extra high momentum
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Correction to the kinetic EOS of SNM

k= 5Ekm(P0)

~ 4.1-20.2 MeV

40
central 2741 +2°3Pb
364
P ] "”’ -/‘/‘
> 32 ‘/./
) .,
= o
E 28]
— ,J” Vs
= 7Li.‘/ Ve oen k4 alone
24' ,,./'/ R k —4 + k—ﬁ
’, X
’/”_/' """ k —4 + k =8
l” -/ .
201 ”;,/_, @® experiment
e ¢ vmC
16 - -
10’ 10' 10° 10

mass number A

70
60 k~* alone
%" ®  experiment
250 ¢ VMC
i 0 °° °
20
(a)
1
P00 10" 10° 10
mass number A
70
60 k4 k0
% ®  experiment
S 500 ¢ VMC
’340 [E)
,_5030
M0 v
(b)
1
Cx 10" 107 10
mass number A
70
60 kth
% ®  experiment
= 50 . VMC
= gis e o
mc
20
(c)

1
0% 10" 10° 10

mass humber A

ofgh 1 2 4 4

FUDAN UNIVERSITY



SRC-HMT on neutron star (NS) properties (RME

e(k’ —|k])

K
/ (FFG step functlon)
0

ke
s(k, p, 8)dk — [ nl (HMT)s(k, p, §)dk
0

e.g., energy den5|ty "'“.

2+
||||I||||l||||||||||||||| ||||||||
P,(p) (MeV.fm?)
1100
{10
[NERI ERRRE ERERA ANRRE RRRRE FRRRA AT
020253035404550

p/p,

100 —

ff 9 % %

FUDAN UNIVERSI

SRC-HTM acts as a potential
mechanism to increase NS mass to be
consistent with current observations

ok K )
2 *,2 2 *,2
[f dkA4/ k| —I—M +/ de(|k|) 1/ k| +MJJ

reduction

0.2

0.4 0.6

p (fm™)

B.dJ. Caiand B.A. Li, PRC, 2016

20

1.0

HMT contribution

2.0 T T

15Ff

05 |

OIO-III

Walecka model

— FFG
—— HMT
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12 14 16 18 20
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SRC-HMT on low-density properties of NSs

pr : core-crust transition density in NSs

Newton, Nat. Phys., 2013 *
b w Mantle

— ~
~4 10" g cm3 ~0.8 x10"g cm3

~0.8-1.8 x 10" g cm3

Outer crust
Core

L— 100-1,200 m

- Pure neutron (super)fluid - F:j—"'\ifj;?e J'Llnvertedzgg_:bubbles};
- Neutron + proton fluid
B.J. Cai and B.A. Li, 2022
0.10 -
570.08 O @ pr=0.11fm
=00s TG HMT-SCGF
Na 3 _; HMT-exp
£0.04 (a) 0.08fm™" — 0.04fm s

00%8 49 50 51 52 53 54 55 56
L(p,) (MeV)

Eur. Phys. J. A (2023) 59:209
hitps://doi.org/10.1140/epja/s10050-023-01122-4

THE EUROPEAN
PHYSICAL JOURNAL A

Do short range correlations inhibit the appearance of the nuclear
pasta?

g IUFSU  TUFSU-SRC

P 1 2.3 2.3 i
M. R. Pelicer!*(, D. P. Menezes', M. Dutra®-, O. Lourengo”- 0.09
?_. hom.  e—
& 0.06 slabs w—
& rods me

droplets

SRC-HTM can significantly
reduce the core-crust

" IUFSU IUFSU-SRC

0.1
transition density, and can ol =035
T hom. e
even make some pasta-phases % oo s
h 0.03 - rods s

disappear in the crust of NSs

droplets s

, WUFSU IUFSUSRC
i Y, =01

uther(pa 5) — 0

hom. s
tubes m—
slabs m—
rods e
droplets

Y,: proton fraction "
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SRC-HMT on proton threshold of Urca proce S

HMT cutoff: 0 < ¢ < ¢ B.A. Li, et al., PPNP, 2018

Urca process: n - p+e + 7, I o I o o e e o o o e e
: . LN p e - . ]
momentum consevation: ki (1 +t,) < kg (1 +t,) + k¢ . SRC-HMT — X;"'t ~ 2% A
6 |- _
neutrality kE = ki — ki (1 +t,) < kE(2+t,) - [ ]
x0T toa. =~ 2.5 i
crit ( I + tn)3 tn =tp =0 I -gx:l. 4 - e ]
—Xp = x5 = 3 5 y — =~ | 1% N .
( | + tn) + (2 + tp) free Fermi gas 9 5 i
6.4 F 0oF T T 2_— --_—-_
6al o ' ! ]
S AN N . ) ] i i
B K \ 07_ p\ [ 1 L 1 I 1 1 L 1 I 1 L l 1 I 1 1 1 1 I 1 1 L 1
—_— B \[1 2\ 4 | ﬁ ] | 0-
350 6.2 [ LT 0.6;).1&0{2-@‘; see, more refs., e.g., 1 0 1 2 3 4
i 6.1k RN p (fm™) Frankfurt et al., IJMPE, 2008 L
%D_ T} ; I']Zoﬁ‘lchf:ftiir[mirilw J.M. Dong et al., Apd, 016
6.0 |3 Z factor in pairin; and v emission Souza et al., 2020 SRC-HMT may eﬁectively influence the
[ 47 factorin the three inputs o | 55 akg, FHG, @0Rd cooling process (neutrino emission) in NSs
3.9 — Sedrakian, 2024
log, of (yrs) 22
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Neutrino emissivity due to SRCs

SRCs replace the sharp proton fraction threshold for direct Urca with a smooth onset,
enhance the neutrino emissivity at low temperatures, and potentially alter NS cooling.

0 T T T T T
Al T=1 [MeV]
2 T=0.2 [MeV] -
w}
=
g3
4

X ’ ' T [MeV]
Sedrakian, PRL, 2024
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Summary of my talk

(1) k=* HMT, xsnm = 25%, xpnm S 2%, isospin-dependent
(2) ps move faster than ns in neutron skins, Ar,, <> AE';‘,{‘
(3 sym

(4) HMT affects NS properties, xS™, p{¢, Mns, €,, pasta

(

5) k=7 with o > 4 for large k: dE§"(po) ~4.1-20.2 MeV Thank the organizer

for organizing this
* size/shape/isospin dependence of HMT<>self-consistency wonderful wo rkshop!

* dynamics (particle creation in HICs, v-transport in NSs)

)
)
) HMT makes ES" (p) < 0 and softens E,,m(p) at large p
)
)

*x L =~ 27 MeV, optical model, PREX; - - -, what is missing?



ok

FUDAN UNIVERSITY

Lew-dimensienal nuclear/atemic systems

examples:

toroidal/spherical bubble topologies
| idal/spherical bubbl pologi
(Wheeler, Siemens, Wong, 1960s-1970s; Natowitz, 2010s)

(2) NS crust?

(3) ultracold I1D/2D Fermion/Boson systems

(optical lattice/box; Feshbach resonance, - - -) ks

4xI10"

toroidal '2C °ﬂ

—
625 hadron
3_‘; 6x10'4 transition

S

'~

o)
5
o

1015

thickness t ~ (1-2) km — t/47R* ~ 107> km™"

A
5

pO/ periodic potential optical lattice
Oldly

Wheeler, 1963; C.Y. Wong, PLB, 1972 25
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Example: Bertsch parameter from the epsilon expa

2

EOS — %2k—M Bertsch parameter &? D=4 is non-interacting —> extrapolation to D=4-1=3

(unitarity condition: |kga| — o)

k endi
PRL 97, 050403 (2006) PHYSICAL REVIEW LETTERS 4 AUGUST 2006

€ Expansion for a Fermi Gas at Infinite Scattering Length

(Lee-Yang expansion via |kga| < | breaks down) Yusuke Nishida'? and Dam Thanh Son’
' Department of Physics, University of Tokyo, Tokyo 113-0033, Japan
212 Institute for Nuclear Theory, University of Washington, Seattle, Washington 98195-1550, USA
_E_’ _h _k_F 3 " _2.,{» e 4 (11 = 21n2) (ky a)* + 0,23(k . a)? (Received 2 May 2006; published 4 August 2006)
N 2m |57 3 PO 352 T ’ e

I I =
r L 6_4D%£%2F3/2+|6E5/21T160.024665/24|>0.378
Arnold et al., PRA, 2007
Ku et al., Science, 2012 exp.: £ =~ 0.376; QMC: £ ~ 0.383
Forbes et al., PRL, 2011

THE RENORMALIZATION GROUP AND THE ¢ EXPANSION*

Kenneth G. WILSON
Institute for Advanced Study, Princeton, N.J. 08540, USA

and Laboratory of Nuclear Studies, Cornell University, Ithaca, N.Y. 14850, USAt
and

J. KOGUT®
Institute for Advanced Study, Princeton, N.J. 08540, USA

20
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Low-dimensional nuclear mater w/we SRC-HMT

EQUATION OF STATE OF NEUTRON-RICH MATTER IN d-DIMENSIONS

4 1.0
—— (k)/ky (HMT) — V{E2)/{K)2 -1 (HMT) l Bao-Jun Cai!
s — (k?)/kE (HMT) _‘0.8 L \/W (FFG) ‘ B Quantum Machine Learning Laboratory, Shadow Creator Inc., Shanghai 201208, China
=] === {(k)/kp (FFG) — ) Bao-An Li®
é I <.’\ )/f\ 2 FFG) g 0.6 Qg Department of Physics and Astronomy, Texas A&M University-Commerce, Commerce, TX 75429-3011, USA
2, g -
E g c . . . .
= = s 5 We made a first systematic investigation on the
= z c . . .
S | limited by ke / E 8 nuclear matter EOS in general D dimensions
et 0.2 . S (including the e-expansion for the EOS).
e large fluctuation
=" (a) — (b)
0() 1 2 3 4 5 0'“() 1 2 3 4 5
space dimension d space dimension d . .
Space dimension Space dimension relanve ﬂuctuat'on: Tk(d) —
some features:
(1) free Fermi gas: momentum scale < k¢ kF EF U, _
Bl =501+ 6 3k +gUsym(p.kp)
(2) SRC-HMT could generate large |k| > k¢ L] P
—2
(3) large Y for low D <» Mermin-Wagner theorem vel EE (20_ 1] N k_F( 7 0 0*Uo (a_ _) 3Uo] 0 0Usym %
(solid state physics) 6M 3) 6 0|k k) 2 okl ki=Fe
(4) low D — nearly free <> extrapolation € = 3 — Dy B.J. Caiand B.A. Ti, Ann. Phys., 2022
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