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Why femtoscopy of light nuclei
is interesting?

P> Femtoscopy is sensitive to production mechanism of light nuclei.

Two very different situations:

Genuine production in Shattering of incoming
high-energy collisions nuclei collisions
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P> Femtoscopy is sensitive to interaction, including nulcear resonances.



Hadron-deuteron correlations

Direct deuteron production Production due to final state interaction
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Hadron-deuteron correlation function

1) Deuteron is treated as an elementary particle

Experimental definition

dN,
dp, dp,

— R(ph’pD)

dN, dN,

dp, dp;

Theoretical formula
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Direct production

R(P,,Po) = | d°r, d°r, D(1,) D(1, )|y (1, 1)
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distribution

of emission points

S.E. Koonin, Phys. Lett. B 70, 43 (1977)
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h-D wave function



Hadron-deuteron correlation function

1) Deuteron is treated as an elementary particle cont. h

Separation of CM and relative motion
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Hadron-deuteron correlation function

2) Deuteron is treated as a bound state of neutron and proton

Experimental definition h
dN. dN, dN_ dN,

e Am ( Pn, P D)

dphdp * dp, dp, dp,

Theoretical formula

R(P,. o)W, = [d*r, d°r, d*r, D(r,) D(F,) D(r,) | (5 1, )|

dN
dN, =W, dn,, 2, P, =p, =P,
dpo dp, dp,

Deuteron formation rate
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spin factor
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W, =2 (27)" [ d°r,d’r, D(r,)D(r,) |y ) =—(27z) *[d°, D, (

_ AIPR
St. Mréwczynski & P. Stoni, Acta Physica Polonica B 51, 1739 (2020) o (N, rp) =€ "¢y (rnp)
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Hadron-deuteron correlation function

2) Deuteron is treated as a bound state of neutron and proton cont

Separation of CM and relative motion h

—
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R(@) =~ [d'Rdr, d°r D(r) D(r,) D(r, )|, 1) [ ()

For Gaussian source

R(a) = [ d*r Dy, (), ()] N

For non-Gaussian source, W, remains in the correlation function!



Hadron-deuteron correlation function

Direct production

h

R(q) = [d°rD, ()¢, (N[

B ()= [4”1sz EXp(_ 4rR2j

1 3/2 r2
0,057 exp(‘:-;?]

Final state interaction l

R(q) = [d°rD,, (N)¢, (N[
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Hadron-deuteron correlation function

The wave function in scattering asymptotic state

_ eiqr
—_ ldr
g, (r)=e" + f(Q)—r
The s-wave amplidtue
a a - scattering length
f(a)=——
1-1qa
Coulomb interaction via Gamow factor
G(q) =+ :ﬂ- 12 ag :yia — Bohr radius
2 exp (J_r ﬂj -1
ag(

Interference of strong and Coulomb interaction ignored!

R. Lednicky and V.L. Lyuboshitz, Yad. Fiz. 35, 1316 (1982)



p-D correlation function

spin 1/2 spin 3/2
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R, from p-D correlation function vs. R, from p-p correlation function

St. Mrowczynski & P. Ston, Acta Physica Polonica B 51, 1739 (2020)
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p-D correlation function
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Deuteron-deuteron correlation function

1) Deuteron is treated as an elementary particle

Experimental definition

dN dN_ dN_

—>—=R(p,,P,)
dp, dp, YT dp, dp,

Theoretical formula

R(p,,p,) = jdgq d3r2 D(r,) D(r1)|WDD (r, r2)|2
;o ™

distribution
of emission points

D-D wave function
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Deuteron-deuteron correlation function
2) Deuteron is treated as a bound state of neutron and proton

Experimental definition

dN dN
Moo _ p(p2,p2yw,z Mo Mo Iy T,
dP;"dP, dp, dp, dp, dp,

Theoretical formula

R(PP,PP)W,” = [d°°d°r"d r?d ™ D(?) D(Y) D(rf)D(r})
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X ‘WDD (rlp , rln , rzp , rzn)
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Deuteron-deuteron correlation function

Direct production

R(q) = [d°rD, ()¢, (N[

B ()= [47:1R2] EXP(_ 4rR2j

1 3/2 r_2
D, (r) :(MRZ) EXp[_ 2R2]

Final state interaction l

R(q) = [ d°rD,, (N, (1)

2 ~1.41

St. Mréwczynski & P. Ston, Physical Review C 104, 024909 (2021)
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Deuteron-deuteron correlation function

spin 0 spin 1 spin 2
FONETINER
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R, from D-D correlation function vs. R, from p-p & p-D correlation function
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Proton-3He correlation function

Direct production P

R(q) = [d°rD, ()¢, (N[

Final state interaction l

R(q) = [ d°rD,, (N, (1)

S. Bazak & St. Mrowczynski, Eur. Phys. J. A 56, 193 (2020)
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Resonance 4Li
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J. Pochodzala et al. Phys. Rev. C 35, 1695 (1987)

HADES data presented by M. Stefaniak



Correlation function p-3He

resonance only 25

resonance plus
s-wave scattering
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S. Bazak & St. Mrowczynski, Eur. Phys. J. A 56, 193 (2020)
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How to measure yield of 4Li

dNLi de dN3He

= P - momentum per nucleon

dpo " dp dp

Sg = qu Rq (a)
j \

correlation function where only the 4Li resonance contributes

19



Conclusions

The correlation function of light nuclei depends on whether
the nuclei are produced directly or due to final state interactions.

The correlation function of light nuclei is sensitive to nuclear
interactions, can reveal an existence of nuclear resonances.
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