Two- and Three-Nucleon Short-Range Correlations

in Nuclear Momentum Distributions

M. Alvioli

National Research Council
Research Institute for Geo-Hydrological Hazards
Perugia, Italy

=

M. Alvioli 1 GSI 2015

N /




CONTENTS

0. Comprehensive review of data & basic quantities

- Few-body nuclei, “exact” wave functions

- Many-body nuclei, cluster expansion
1. One-Body Momentum Distributions:
- Scaling to np(k)

- Update of the convolution, or TNC, model

2. Two-Body Momentum Distributions
- Defining 2B & 3B SRCs regions

3. Three-Body Momentum Distributions

GSI 2015

J




0. Comprehensive review of experimental results ©
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0. Nuclear Hamiltonian

e The non-relativistic nuclear many-body problem:

) 5 h? o 1 .
HU, = E,V,, H:—%Zvi+§zvzj+.,.
[/

L]

e Fract ground-state wave functions obtained by various methods are avail-
able for light nucler (A < 12);

—> calculations will be shown using 2H. 3He, *He WFs:

e Variational wave functions of nuclei can be obtained with approximated
methods; usually difficult to use/generalize
—> we developed an easy-to-use cluster expansion technique for the cal-
culation of basic quantities of medium-heavy nuclei, 12C, 100, *0Cq;

e SRCs implemented MC generator for nuclear configurations for 2C' to
23877 for the initialization of pA and AA collisions simulations
http://http://users.phys.psu.edu/"malvioli/eventgenerator/
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0. Calculation of basic quantities

e one- and two-body densities:

A

p]%T(rl,'r/l) = /d'rl XH drj\lfi;[(atl,...,xA) ng\?@%(wi,mg,...,wm
=3
A

2 A~
péjzf(rl,rg;r’l,ré) = XH drjklfﬂ(wl,...,wA) PpN\IJ%(w/l,w/Q,wg,...,wA)
j=3
e one- and two-body momentum distributions:
1 ki (ri—7'
0 k) = g [ draart R )
2 1 k(P =1 —Keor(Po—1"
néjzf(klka) — (2ﬂ)6/dr1dr/1dr2dr/26 1(P1=17) o= R (To=13)

9 2
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0. Two-Body Momentum Distributions
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K s = 0 corresponds to kg = —kq, 1.e. back-to-back nucleons
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nA(k, K =0) =
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0. Using Realistic WF's of large nuclei: Cluster Expansion

e Cluster Expansion is a technique to reduce the Computatlonal effort n

many many-body calculations; we use: U, = F®, = sz Zn i CIDO

e Eixpectation value over ¥, of any one- or two-body operator Q
(WQIW)  (FIQF)  (q1J1QH  (QIT(+)
(Wo|Wo) (F2) (I1 /2 AL +79)
QU+t ) Q)+
I+>n+>mm+...)) 1+

( )
~ @+ | (1= T+ ) =@+ @D i

o (i}) = <F2 — 1}) is the small expansion parameter: (Q} - {CIDO\Q\CD())

o we end up with linked clusters; up to 4b diagrams needed for 2B
density, each involving the square of: f =3 fn(rw)On(z 7)
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0. Using Realistic

W€F's of large nuclei: Cluster Expansion

correlation functions: Central, Spin-Isospin, Tensor
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o (7)) = <F2 — 1}) 1s the small expansion parameter

e we end up with linked clusters; up to 4b diagrams needed for 2B
density, each involving the square of: f = > o fn(rw)On(z 7)
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e at first order of the n—expansion, the full correlated one-body mixed
density matrix expression is as follows:

(1) (1)

PV (r,rh) = po (r1mh) + oy 8

(7“177'1) T Pg (7‘1,7“1)

with
b vt = [ dra [Hofrieiri) s, ) pulra) = Hetria,ras) o0 ey o) s,
pg)@“uﬂ) = —/dTQd’I“z),P(()l)("“l,”“z) [HD<T23>P21)(7“2,Ti)ﬂo(”’“s) - HE(Tzs)Pgl)("“za"“3)021)(7“3»7“,1)]

and the functions Hp and Hp are defined as:

1.1
Hpp)(rij.rri) = Z FP i) £ () 1()(]5))("“@],%0 C&]})(m,m)
p,q=1
with Cgé%))(n 7 r.7) proper functions arising from spin-isospin traces;

(Alvioli, Cioft degli Atti, Morita, PRC72 (2005))
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e at first order of the n—expansion, the full correlated two-body mixed
density matrix expression is as follows:

2
PO ry T, Th) = pa(r, Tl ) + o (rL ol Th) + Pl (P rai L Th) + pl (T )
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(Alvioli, Ciofi degli Atti, Morita, PRL100 (2008))
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two-body, diagonal
p<2>(r1,r2) diagrams —
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one-body, non-diagonal
— plry, 7)) diagrams




0. Correlations signatures in coordinate space densities
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e MC algorithm for correlated configurations in pA and AA
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1. One-Body Momentum distributions

& convolution model

ny 1 n(k)

e The figure (TNC model) assumes deuteron-like high-momentum tail

e Many-body calculations actually show a rise of the ratio n(k)/n? (k)

e Different potentials/methods provide (slightly) different high-momentum

components
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1. One-Body Momentum distributions: “He

o ny(ky) = L)3fdrd"“'m\f("“,"“’)t‘i_kl("q_rr/) = [ dkyn?(ky, ko)

e proton and neutron distributions reflect the different isospin pairs in 2 He;

"He

(27

—n"(k) /n"(k)
— nf)(k) / n°(K)

— np(k) o< Npp(k) + Npn(k)
— np(k) o< 2 Npp (k)

M. Alvioli et al. PRC87 (2013),

and

K [fm"] IntJModPhys E22 (2013)

)

e the neutron distribution is about twice the deuteron distribution.

e the proton one is larger than the deuteron’s.
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1. One-Body Momentum distributions: “He

o ny(ki) = ﬁfdrdr’p]v(r,r’)e_k1'<r_r/> — [dkyn?(ky, ko)

3.0-_ 3He _Ilf)(k)/l’lD(k)

2.5 — %) / n°(k)

— np(k) o< Npp(k) + Npn(k)
— np(k) o< 2 Npp (k)

) M. Alvioli et al. PRC87 (2013),

--- (ST)(m(k)/n()
I — and
0 1 2 3 4 5

K [fm"] IntJModPhys E22 (2013)

e proton and neutron distributions reflect the different isospin pairs in 2 He;

)

e the neutron distribution is about twice the deuteron distribution.

e the proton one is larger than the deuteron’s.
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1. One-Body Mom distrs: Few- and Many-Body nuclei

S L P I
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M. Alvioli et al., PRC87 (2013); IntJModPhys E22 (2013)
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1. One-Body Mom distrs: Many-Body nuclei
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| 2. Two-Body Distributions: a closer look to deuteron scaling |

-1
krel [fm ]

M. Alvioli, C.Ciofi degli Atti, L.P. Kaptari, C.B. Mezzetti,
H. Morita, S. Scopetta; Phys. Rev. C85 (2012) 021001

e Should a nucleus’ n?™(k,.;, Koy = 0) scale to 2H'’s np(kyep)?
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| 2. Two-Body Distributions: a closer look to deuteron scaling |

*He (ST)=(10) -
*He (ST)=(10) |

TS Y - e e e e,

M. Alvioli, C.Ciofi degli Atti, L.P. Kaptari, C.B. Mezzetti,
H. Morita, S. Scopetta; Phys. Rev. C85 (2012) 021001

e Should a nucleus’ n?™(k,.;, Koy = 0) scale to 2H'’s np(kyep)?
e Including only pairs with deuteron-like quantum numbers (ST)=(10) we find
exact scaling!
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| 2. Two-Body Distributions: a closer look to deuteron scaling |

. pn,4He _
] Nowm (KCM_O)

2. —— "He (pn)
----- *He (ST)=(10) |

*He (ST)=(10) | npn,4He(
........... ¥——o— CM

Key=0)

M. Alvioli, C.Ciofi degli Atti, L.P. Kaptari, C.B. Mezzetti,
H. Morita, S. Scopetta; Phys. Rev. C85 (2012) 021001

e Should a nucleus’ n?™(k,.;, Koy = 0) scale to 2H'’s np(kyep)?

e Including only pairs with deuteron-like quantum numbers (ST)=(10) we find
exact scaling!

¢ n(krelv O)/nD(krel) = nD(krel>nCM(O>/nD(krel> — nC’M(KCM — O)!
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2. Motion of a (correlated) pair in the nucleus

(2)

e [ransform r1.7ro 7" rl) to momentum space:
IONN 1,72, 71,79 p

k rel

®

e We discuss: parallel

. Kew=00

Kz

M. Alvioli - GSI 2015

krel

¢ n(k’rela KOM) — n(kT€l7 Ko, @)
e Back-to-back nucleons at K ;=0

e We can select any orientation of the
two momenta k1, ko <— k,.;, Ko

and perpendicular
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2. Two-Body momentum Distributions of Few-Body Nuclei
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| 2. Two-Body momentum Distributions of Few-Body Nuclei
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" | 2. Two-Body momentum Distributions of Few-Body Nuclei |
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| 2. Two-Body momentum Distributions of Few-Body Nuclei
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| 2. Two-Body momentum Distributions of Many-Body Nuclei
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,0=0) [fm°]
5\O

c.m.

rel’

—

o
N

—
1 1 1
N
| ol i T | i i

n"(k K

0) [fm"]

\

M. Alvioli

v
.
X!'
§ra
vg!!!!!
rel ” c.m.
1 2 3

kreI [fm-1]

26

n"'(k K .0

rel’ c.m.

-1
k [fm’]

M. Alvioli, C.Ciofi degli Atti, H. Morita, PRL100 (2008) 162503
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GSI 2015

J




| 2. Two-Body momentum Distributions of Many-Body Nuclei
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M. Alvioli, C.Ciofi degli Atti, H. Morita, PRL100 (2008) 162503
and M. Alvioli, C.Ciofi degli Atti, H. Morita, to appear

e symbols are the rescaled deuteron with oy gaussian parameters

e same behaviour & conclusions as in few-body (K > 1 not shown)
e universality of NN correlations

e we can update the TNC model with many-body quantities
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2. Two-body mom distrs results

- comparison with data
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(Preliminary Results)
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4 2. Two-body mom distrs results - comparison with data
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4 2. Two-body mom distrs results - comparison with data
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(Preliminary Results)
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4 2. Two-body mom distrs results - comparison with data
———— f o Al
@ all pairs ] | PP = Back-to-back
o & S,P pairs ¢ V. | A Finite K_ Range
o V Sn-o pairs .<l> S oM
2 [—zrA 550 v ] £ 10 .
= i ve¥ -é S .
®n | > < P
S | Pp . -
23 1 T = 10 A 100
=2 - o ]
g : ¥: 3 Al
= [ 555 v ] pn e Back-to-back
g 10f o ¥v - c A Finite K, Range
RN s VY ' S 10-
= pn © —
1 el 5 <
10 100 A A

A
Lett: C. Colle et al., PRC92 2015

10

~ 100

Right: M. Alwvioli, C.Ciofi degly Attr, H. Morita, to appear

(Preliminary Results)

ALL: fkkj dkreln(m(kﬁrd); B-T-B: j:j dk,ieﬂl(‘z)(kjrd, K(jl\] — 0) Finite KCA[Z fkkj ff((j dkmm@)(kr@l, KCM)

M. Alvioli
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lon region

defining the 2B & 3B correlati

3. Two-Body Distrs

d nucleon

r

add a th

3He - Non(KreKew) - perpendicular

-
|
oe

~c

+

N
~c
+
<

=
S
<
__
<

=
O
A4

k2

kreI

iy W5 D
il i D
W YKL Wl
I DRI
g, \
Yy
X,
Gr
o
SRR, \ o>
B AR,
eyl
s Ky
ettt el
e en o ity o ettt
s e, Lyl
S A
s S S S e
S I ok
S 0y
S Iy
S A AN KX
R Ay
e
S
S
Ay
Ay
A
A
ey
Ay
I i
A
o s

10000

perpendicular

le-06

le-08

ko

kreI

K oy = 0.0

ke

K,

ke

3He - Nop(KreKew) - perpendicular

AV1R8 + UIX
3He wave function

Kg

4
G5
W,
WG
il
) il

%

i
sl
s
i
i
Js
tadtolatiinit

i

f /|
s& ~\\§.
W, VAN
i\l
i

1"
i
i)
i
i
i
iy

i

i

i
il

i

i
o
\\.\

i
i i
i i
0 i
iy i
ittt
e e&\\ il

Ul )
i

i
ik
i)
A
i
oo
elod
R
sy
el
558

i
5
W
5074
2%
A

N
\
N

N
N
N
N
X

N
\\

N

N
N
N

>
R
R
R
3

N

i

()

Tl

N

o

il
il

Y

0
i
i
i

N
N
N
N
N
R

X
N

il
505

i
s
@Qﬁ

il s..
G
Aty
i
ol
i

N

i
il

i
0% i
L )
n«nn&%# i
Qe
R/
L7~
240
),
07
)
%,
7,
%

A
O
it
ity
ﬁﬁ%&&%ﬂ?
i
A
0
o
Al
OB
i
el
iy
A
K
i
o
B
0

N
X

R

N

N

N
N

R
\\
NN

N
N

7
/

N
R
N
A}

7,
W
)

N

NN
N
N

N
AN

D
7
i
Wi
\

%
%
i
i
%
)

N
R

%,
W,
BB
Gy
WK
G
G
s\

I

i

i

KD

i

N,

KNI

XN

el

otte!

ety

it

il
oy
ltyty
iy
ol
iyl

iy

i
i
QN
i
G
it
ittt
i
i
il

0

W

i
W)

il

oy

W

it

1
0y
iy
W
i
i

it

iy
\

=
N

0
"
0
i)
D
1,
e&
0
i
D

%
i
i
iy
()
pii
GRNKNTINX
il
il
!
i
ol
i
4K

i
i
i

i
i
i
i
i
i
i
i
0
i
i
i
i
0
4
i
W

W
i

iy
W
0
WX
)
W
WX
WX
W
KX
X
K

i
i X
”nmm”wi
{l i......

X
22
2

W

10000
le-06
1le-08

from

Nogga et al.,
PRC67 (2003)

)y
)
W
W
0l
i
0
i
i
il
it

ik
i

3

<
D
)
D
D

0

)

i \o
g
T
W
s
il
iy
W
XD
$-~\

i
i

)

GSI 2015

33

M. Alvioli




3. Two-Body Distrs: defining the 2B & 3B correlation region

-

parallel
K., =0.0
ky - ks
kreI
AVS8' ATMS

4 He wave function
Alvioli, Chofi
Morita
PRC85 (2012)

M. Alvioli

He - nn(krg Key) - parallel

34

add a third nucleon:
k1+ k3 = ko
k1| = |k3]

kl K CM k2

krel
4
k1 k2
R
Ks
4
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3. Two-Body Distrs: defining the 2B & 3B correlation region

add a third nucleon:

“He - (ke K o) - perpendicular kl + kZ + k?) — 0
™
perpendicular k3| = | Koyl
KCM
K, K
. K gy = 0.0 . Kre
I
AVS" ATMS 5
4 He wave function & k2
Alwvioli, Ciofi
Morita K
PRC85 (2012) Y

2
Koy = tan 6/2 Krel
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3. Defining the 2B & 3B correlation region in k,.;, Koy

10000 ¢
1000 F
100 F

10 |

01 F
0.01 F
0.001 F

1e-04 gk

. Alvioli

n(kyer, Ko, ©) for °0
Ko parallel to k,..;, pn

"016-pn-kRel-KCM-all.dat"

N
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example: many-body contributions in *He 2BMD
nyN (kret) = [ dK cpr npn(krer, Kopr)

He - - — -Total
pp Y —
------- 2b S
---- 3b =
mmme -4b o
(-4b) o
~ vg_

,,.\\.‘\..-\\h

\\ \\‘

2 3 4. 45

k [fm’]

rel

(AV18: Schiavilla at al. PRL98 (2007))

1m2 1M 5 | 3 ____________

1< 10y 1 O1’k@2 2 2 “2
Shell Model two-body three-body four-body
M. Alvioli 37 GSI 2015
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3. Defining the 2B & 3B correlation region in k,.;, Ky

rel’

(k ,0) [fm"°]

n(2)
pn

AV18 - norm. 1

AVS8' - norm. 1

and

(k) [fm]

2

r]( )
pn
o

AV8' - norm. 1

T '2Hl

AVS8' - norm. 1

N I(2)' N
/\'\\npn(kre’o)

AV18 - norm. 1

o 1 2 3

M. Alvioli
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1 2 3 4
-1
kreI [fm]
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3. More on three-body correlations?

vI

k=25 fm" ™.

1070 =, AV18.
r ] PW 10-4 v .
10™ ' . Y AV18FSI '
- 3 10° !
10 - He .

L/
Y

100t k=3.0fm™ v.,

q_I—I
=
= , AL , , , .
EJ\ 10 0O 100 200 300 400 . _,0 100 200 300 400
> 10" . " ety
X 2" v R |
C\-/ L4 5 | \ 4
& 5 v 710 "
10 v" !.,"
o k=3efmt e O ke 4Ty
10 =3.0 Tm ', k=4.0 fm .

A

7

high k& and E*

M. Alvioli

\

. . . 10°
0 100 200 300 4000 0
E [MeV]

100 200 300 400

39

0 100

— 2N-CM |

200

ab initioi

k=2.5fm"

300 400 0

100

200 300 400

0 100

200

7
300 4060 0

C. Ciofi degli Atti, Phys. Rep. 590 (2015)
o Left: PW v.s. FSI — FSI not relevant at high k& and E*

e Right: exact v.s. TNC model — thre-body correlations relevant only at

100

E [MeV]

200 300 400
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3. More on three-body correlations?

We can easily © evaluate within the cluster expansion the three-body density
P ey, 7o, r ] rh, )
and calculate, for given values of k1, ko and ks;:

3
1 ARe: (r.—r!

ko k) = 75 [ TLariar e R0 000 ot o

1=1

M. Alvioli 40 GSI 2015
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e at first order of the n—expansion, the full correlated three-body

mixed density matrix expression is as follows:

3 3 3 3
PO (1, o, ryrh ) = P(sﬁa(rlv---) + péb)('rl,...) + pfug(rl,...) + pég(rl,...)

with: - I
) pgb(rlar27r37r17r27r3> -
A A AN . . .
pSM(rb T2, 73,71, Ty, TB) - [77(7"12, 7“1/2/) + 77(7“13, T1/3/> + 77(T23, 7“2/3/” .
Po(T1,T1) Po(T2,T5) po(T3, 75) + [ 0o(P1, 7)) po(a, 7)) polT3, 74) +

/ / /

= (T, po(12,5) polms, 15) + = po(T1,74) Polr2, Th) polrs, ) +
/ / /

T Po(T1:73) Po(T2, 1) polTs, o) F + po(1,7%) polr, ) polrs, Th) +

= Po(T'1,73) (T2, 73) Po(T3,71) + — po(T1,75) po(T2,75) polrs, 7)) +
/ / /

+ ,00(7°1, ’I"?) pO(r27 ri/’)) po(’r3, ’I"}) + + po(m, 7“’2) p()(’rg, ’I“é) p()(’l"g, Tll) +

= Po(r1,73) po(r2, 1) polTs, 75) — po(T1,7h) po(r2,T1) pols, Th) ]

pg(’l“h?“%?“?);?"p"‘/gﬂ“é) = drg [1)(r1a, 11a) + 0(roa, m1ra) + N(rsa, T34)] -
' Z (=1)7 [po11,7p1) poT2, Tp2) po(T3, Tpy) Po(T4, 7pa) 20 terms
PeC
(3) A A AN 1 dradre
P5b(rlar27r3;r1>T2>T3> - 5 r4arTs 77(T45,7°45> ’
: Z (=1)" [ po(r1, 7p10) po(T2, Tpor) po(13, 7p3) po(Ta, Tps) po(Ts, Tp5) ] 108 terms
PeC
M. Alvioli 41 GSI 2015
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3. More on three-body correlations?

for given values of k1, ko and kj:

/

3
1 N3 L
n(ky, ko, k3) = /Hdrz‘dré ! 2= K (T "D o)y o v T, )

9
<27-‘-> /I;:]- 5 Con= K4+ ’
or given values of k,..;, Koy and k:
1
n(k,.;, Koy, k) = /dmdw’dydy/dzdz/-
(2m)?
. QZkTBZ<$_$/>+ZKCM<y_y/>+Zk(Z_Z/>IO<3> (fr17 T9,T3; fr/1’ rro/2’ fré)
with
k... = (k1 —kz)/z $:T1/2—|—7‘2/2—T3
Koy = k1 + k2 Yy =Ty — T
k =k + ko + ks z = 31r3/2

M. Alvioli 42 GSI 2015
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4 Summary )
e Reliable calculations can be performed with realistic wave functions em-

bodying full short range structure & high momentum components

e Few-body nuclei with exact wave functions; many-body within cluster ex-
pansion approximation: any one- and two-body quantity can be calculated

e Universality of correlations: 1) rise of the nucleus-to-deuteron ratio of
one-body n(k) understood by analysing the ST quantum number of NN
pairs — update of the TNC factorization model

o Universality of correlations: 11) scaling of Kqjpy = 0 two-body mo-
mentum distributions to the deuteron one; exact scaling if appropriate
(ST)=(10) quantum numbers for the pair are selected — update of the
TNC factorization model

e three-body momentum distributions can be calculated within the same
frameworks, and comparable accuracy, to investigate three-nucleons effects
for selected configurations, 7.e. k1 + ko + k3 = 0 and high k1 — beyond
TNC factorization model

M. Alvioli 43 GSI 2015
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Ground state energy: 190 - Argonne V¢

<V.e> <Vo> < Vo> <Vo,> <Veg> <Vg, > < V> <T> E E/A MeV

n—exp| 019  -35.88 -947 -171.32 -0.003 -172.89 | -389.40 323.50 -65.90 -4.12
FHNC | 0.694 -40.13 -10.61 -180.00  -0.07  -160.32 | -390.30 325.18 -65.12 -4.07

correlation functions: Central, Spin-Isospin, Tensor

0.10
0.08
0.06-
0.041
0.02-
0.00 &
-0.02-
-0.04-
0 1 2 3  4r[fm5
M. Alvioli 45 GSI 2015




Potential energy: pn and pp contributions

pN—ZVw Z

/dr12 v N 7”12

(2)(4)

ppn (112)

1<
0% °0 - NN-
Q‘L: 00X E
05, “‘-‘_ ,,"/ "‘-_‘ %
] \‘L‘ "/. L pc(r) pT r) Y "/ __________ pS(r)
-1.04 vooa G ot v St
Loy —p(n T p (r) p(r)
T 2 3 4 5 o0 1 5 5 & 5 o 1 3 3 i 5 &
ryp ] r,, [fm] r., [fm]
A <V>pp(: <V>nn> <V>pn
10 376 837% mostly pn pairs
40 9% 82%
A Vipp(= (V V
switching off = 16 Vopp (23(72 Jan) | 53@;” = proportional
correlations 10 5 4%3& 1% to # of pairs
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4. Monte Carlo Glauber description - Fluctuations

e Fluctuations effects on geometry investi-
cated through participant matter distri-
] o bution moments and their dispersion

() cosn(@— ¢n)
' (w(r)}

A, — \/2@,& (ei))’

— participant nucleons e in transverse plane

M. Alvioli 47 GSI 2015
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4. A Monte Carlo generator for nucleon configurations
e Ad-hoc hard-core rejection methods avoids overlapping nucleons but is not
linked to realistic correlations and do not reproduce two-body density

e Configurations generated according
to the independent particle model
contain overlapping nucleons

e We developed a Metropolis code
which includes realistic NIN 0.16 7~
correlations functions in '

P 0.12
a way which is consistent with g
the input one-body density ?&0-08-

e We also have a two-body density 0.04-_
close to the one obtained in
microscopic calculations of w.1.

0.00

M. Alvioli 48
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/ Dispersion of Dipole Asymmetry: Ag;

4. Latest updates of nuclear configurations - I

e Nucleus deformation — for 25U we use a modified WS profile:
PO PO

p(r) = | + o(r—Ro)/a — p(r,0) = 1 + e(r—Ro—RoS2Y20(0)—Rob41Y10(0))/a

1 5 2 2 2 Side view Beam view  e2 Npart  Neon
Y 0 - - —_ (2 Z P :L" P ) tip-tip
20( ) 4 7”2 7_‘_ y ( : ) > e ( : ) @ smaller equal larger

side-side

Vo) = s f2 (352t — 3022 1 1) OO @ e

167%V
(P. Filip, R. Lednicky, H. Masui, N. Xu Phys. Lett. C80 (2009))
e deformation effect on dispersion of moments (unpublished):

Effect of correlations deformation on Ae,

Effect of correlations deformation on Agq

Effect of correlations deformation on Ag,

0.62 T T T — 0.65 T T T T — T 0.53
No Corr., Spherical —t No Corr., Spherical —
Central Corr., Spherical —{- ~ Central Corr., Spherical —— B &
06 3b Induced, Spherical —-{ & 06f 3b Induced, Spherical — : & 052
No Corr., Deformed - - < No Corr., Deformed -- - il 5,
Central Corr, Deformed - || - 5 055+ Central Corr, Deformed - - : ‘% 0.51
058} 3b Induced, Deformed 1 = 3b Induced, Deformed 5
i & o5 I 2 o5
056 u&’j i fJ § No Corr., Spherical —
| % 045 1 Lg 049 Central Corr., Spherical
osal S c 3b Induced, Spherical —
‘ Rl 'g 04} S 048} No Corr., Deformed - - -
=1 g_ Central Corr, Deformed - -
052 B 035} A 047t 3b Induced, Deformed
05650 100 150 200 250 300 350 400 450 500 03050 100 150 200 Nzéo 300 350 400 450 500 %0 50 100 150 200 Nzéo 300 350 400 450
part part part




4. Latest updates of nuclear configurations - 11

1
e Neutron skin — p/n profiles for 208 Py, O_B_H
n — U AP A=y
<p n) r—RE™) /g == o6} Lt
p(r) = p™ ) (14 =0/ <
QS 04} = ]
Q| PRL 112 (2014) 242502 il
(pg, Rg, a/g) = (” 827 , 6680fm, 0447fm) 0.21 Uncorrelated — A
(pg, Ry, ap) = (7126”7,6.700 fm, 0.550 fm) Central Corr.
(C.M. Tarbert et al., Phys. Rev. Lett. 112 (2014)) %01 2 3 4r[f5m] 6 7 8 9 10
e additional tool for determination of centrality:
° | 7‘ ‘ ‘P*"‘Db‘ | ‘|:‘| ‘Pb*"Pt" | | | ‘7 X ' i . | | | ‘O[‘Jtica‘ll Gl‘aub‘er+‘ | 0
8 | e ] 21-157 IATLASPb-Pb ————— mﬁugggg.)m 10
é O.Gj : : : |_|: i 1 ! i g:‘; i~ . . — 10_1
3 0s L : : : : : . : | \{ 105
*g wl o i f_j: Lol Un-correlated —
20 A S A S A T S - 1 L S | Centra Correlations—
§ 02 L . . . . . . . . . 07 097 . ]
5 oulg 88 88 8B G5 8 sligE B I
13 2 8 8 € 8 8 R 8 8 Tl2E o8 g 3
ool b ogl i i \ \ 10'50 5 4 6 '8 iO ]'_2 ]'_4
Centrelity Centrality b [fm]
H. Paukkunen, PLB745 (2015) Alvioli, Strikman (unpub.)

e The smearing of impact parameter is expected to reduce the p/n difference

\
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4. Monte Carlo Glauber (MCG) description: fluctuations

5 : S We will focus on initial
S *% B O  Woods-Saxon: R = 6.65 fm, d = 0.55 fm .
oA 12l 0 o SR ez I d=ga fluctuations due to:
=~ xon > _ Diferent BB fuctutions : . . :
5 LE RN g e inclusion of NN correlations in
prd -0 4 . .
Gad s : Q i . preparing nuclear configurations
1—v *® g
| B o . . . .
B e avoid black-disk approximation for
09 - & gray d_isk ms over:ap Iunc?on -
- t erijzsi(I;nin OVEFG_D uni::eonnrai selection 1 . . m
B : \éBCEriggerﬁf.B(gcl:.zlng.S)(;)(rl’rgretl:enttral) NN Scatterlng (T’LJ < \/O-NN/T‘->
08 — %  BBC trigger eff. (91.4 - 3.0) % (less central)
B O  Sys. error of exp. centr. sel. (more central)
B . e ><I . Slys.I erlrolr ml‘ e>|<p.I celntlr. slel.I (I(IassI cclantlrall) -
0 50 100 150 200 250 300 .
Miller, Reygers, Sanders, Steinberg, Noart ) &ﬂd apply these methOdS M-

Ann. Rev. Nucl. Part. Sci. 57 (2007) . .
e spectator mnucleons excitation

effects of different sources and emission for studies of centrality

of fluctuations and | N
parameter dependencies e fluctuations effects on ecentricity

within MGC and triangularity of participant

. . nucleons distribution
and detector simulation
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