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Overview

@ The coalescence model in momentum space
© A Wigner function based coalescence model

© Detection prospects

© Summary
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The coalescence model in momentum space

The coalescence model in momentum space

kb Kk
@ From event generator:

O In center of mass frame: l l

© Any nucleons with 2|g| < py merge to form a nucleon: .

K — Ly H
Q In lab frame: kd - kn + kp
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A Wigner function based coalescence model

A Wigner function based coalescence model

Goals
@ Include constraints on both momentum and space variables
@ Include a quantum mechanical treatment
@ Microphysical picture

@ Evaluated per-event within the Monte Carlo

u]

o)
I

i
it
N
»
i)

(NTNU) An alternative coalescence model



A Wigner function based coalescence model

A Wigner function based coalescence model

Goals
@ Include constraints on both momentum and space variables
@ Include a quantum mechanical treatment
@ Microphysical picture
@ Evaluated per-event within the Monte Carlo
Starting points
@ Nucleon capture process: p+n — d

@ Wigner function representation of the deuteron and nucleons
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A Wigner function based coalescence model

Wigner function properties

0 V(p,x)= /p(x +y/2,x—y/2)e P dy
0 [ (p.x)52 = ploxx) = P)

) /fw(p, x)dx = p(p, p) = P(p)

Deuteron Wigner function:

D(.0) = [ Peen{-q-Eeur+ €207 -2
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A Wigner function based coalescence model

An expression for the deuteron yield

Antideuteron spectrum in the d frame (Scheibl and Heinz 1999)

d3Nd 3 d3qd3 o AN Wi o W - -
dPg - 27T)3/d rd/ 2 )3 I’,Q)fp (qar-‘r)fn (_qar—)a

All combinations that are allowed from the Pauli exclusion principle are
given equal weights, (Mattiello et al. 1997).

3 1

g; SSHeZSt:—

Sd = 1o

fpVV(J, 71): Proton Wigner function

(=4, r): Neutron Wigner function
q): Deuteron Wigner function
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A Wigner function based coalescence model

A new coalescence model |

Ansatz for nuleon Wigner functions:
W W 2\ —3/2 r?
f,0(q,7) = £,"(q,7) = (2m0?) g(q)eXP{—%z}

g(qg): taken from the event generator
o: free parameter

Ansatz for deuteron wave function:
2
—3/4 r
wd(r) = (Wd2) / eXP{—m}

hms.d = 1.96 fm (Zhaba 2017) = d = 3.2 fm = 16 GeV !
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A new coalescence model |l

Antideuteron formation model (yield in lab frame)
BNy 1 3¢

1 / g
dP3 v (2m)3

—qg2d? —»
@rp

g(q)g(—4),
2
o= (72

3/2
— <1
d? + 402> -
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A Wigner function based coalescence model

A new coalescence model IlI

kD EkH

© From event generator:

@ In center of mass frame:

4_‘._.

© The two nucleons merges with a probability

72d2
w=23Ce T,

where
d? 3/2
B <d2 + 402> '
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A Wigner function based coalescence model

A new coalescence model 1V

Antihelium-3 and antitritium formation model (yield in lab frame)

d3 Mige 64s( Bpy Bps o ) o
drP3_ — ~y(2m)3 ) (2m)3 (27r)3g —P2 — P3)8(P2)g(p3)e ,

262 \°
()
2

1., 2 L S I
PP = 2[5+ (B )2+ (3o~ 3] = 2 [B+ B+ ).

4

bsye = 1.96 fm; by = 1.76 fm; s = 1/12
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A Wigner function based coalescence model

Improving the deuteron wave function

10—1 ]
\ ——— One-Gaussian
X === Two-Gaussian ¢-fit
i N —-= Two-Gaussian r3-fit
107~ 4 —— Hulthen
= 103
< 10
1074 4
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A Wigner function based coalescence model

Improving the deuteron wave function

0101 ——— One-Gaussian
=== Two-Gaussian ¢o-fit
0.08 A — = Two-Gaussian r>-fit
—— 0ld model (x0.3)
Dotted: general weighting procedure
‘E 0.06 1 g ghting p:
=
=
=
]
< 0.04 1
>
0.02 T ——
) \n’ ................ -"- -
0.00 Treexe
000 002 004 006 008 010 012
g% [GeV?]

pp collisions at /s = 0.9 TeV with 0 =7 GeV ! and pp = 0.2 GeV.- -~



A Wigner function based coalescence model

Parameter estimation
@ One can try to capture the hadronisation length Ly by defining the

nucleon Wigner functions in the lab frame.
Ly ~~Lo
O/(e) ~ Lo ~ Rp ~5GeV!
T1(e%) ~ NQCD ~ Tj(et)

2 _ 2 2
%ipp) = Tfex) T Tfgeom)

= Opp ~ V20t ~ 7 GeV1

|5 9]

(NTNU) An alternative coalescence model March 28, 2019 12 /19



A Wigner function based coalescence model

Parameter estimation

@ One can try to capture the hadronisation length Ly by defining the
nucleon Wigner functions in the lab frame.

Ly ~ Lo
O(ex) ~ Lo ~ Rp ~ 5 GeV~!

T1(e*) ~ NQeD ~ Ojj(e)
2
(geom)

2 _ 2
Tlop) = U(ei) +o0o

= opp ~ V20.: ~ 7 GeV™!

d? d? b . oL
= . where &, = ,
d?+45% \| d? + 40ﬁ V/cos26 +~2sin2 6

= ¢
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A Wigner function based coalescence model

Comparison with experimental data

We have considered mainly two experiments:
e pp collisions at /s = 0.9,2.76 and 7 TeV (ALICE Collaboration 2018).
e e"e™ annihilations at the Z resonance (ALEPH Collaboration 2006).

Results

@ Two-Gaussian wave function, constant ¢
> opp = (6.4+0.2) GeV~! = /2(4.5+0.2) GeV~!
> 0o+ =5.0153 GeV !

@ Two-Gaussian wave function, beam dependent (
> opp = (7.0£0.1) GeV~! = /2(4.94+0.1) GeV !
> 0 = 52107 Gev!
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A Wigner function based coalescence model

Best combined fit to the ALICE antideuteron data

——— One-Gaussian, const.
1073 4 — = One-Gaussian, beam dep.
— = Two-Gaussian, const.
=== Two-Gaussian, beam dep.
------ Old model

¢ Experimental data

10~4 1

\'*"*o /5 =7TeV (x16)

1/(NeL27pr) d*Ni(dprdy), [GeV~2]

S 5.
107° 4 4
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05 10 15 2.0 25 3.0 35
pr[GeV]

An alternative coalescence model




Best fit to the ALICE helium-3 data

1074 Sm=a o

1078 4

1072 4

Best fit, const.
— == Best fit antideuteron, const.

10—10 4

— = Best fit, beam dep.
------ Best fit antideuteron, beam dep.

1/(Nixe27pr) d*Ni(dprdy), [GeV~?]

-11 |
10 Old model
44  Antihelium-3 data
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Detection prospects for antideuterons from DM annihilations

@ Two-zone propagation model with MED parameters, Einasto profile and
(ov) =3 x 1072° cm? /s neglecting energy loss (Fornengo et al. 2013)

105 bb channel 105 W* W~ channel
——— Const. { ——— Const. {
o —+= Beamdep. { @ —+= Beamdep. {
1006 ] AMS-02 AMS-02 == 0Old model 106 AMS-02 AMS-02 == 0Old model
T
;‘ 1074 10774
S
“E -8 -8
g 10y 104
=
©
1074 10-° 4
10710 ‘ ‘ : 10-10 i . :
107! 10° 10! 10% 107! 100 10! 10
T[GeV/n] T[GeV/n]
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Summary

@ The existing state of the art coalescence model is purely
phenomenological

@ Wigner function based coalecence model:

3Ny 1 3¢ Bg e .
dPg _7(271')3/(271')36 g(q)g(_q)

@ It includes constraints on both momentum and space variables, has a
semi-classical treatment and a microphysical picture

@ The new model does not change current detection prospects
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