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Introduction
®0
Motivation

Motivation

Electromagnetic decay widhts

Transition (keV) CQM Exp Reference

T A+t spe 399 660460 PDG (2014)
Tyt Lz, 110 250£56 CLAS, PRD 85 052004 (2012)

I'yx0_,004 258 445480 CLAS, PRD 83 072004(2011)
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Introduction
oe
Motivation

Is there important differences between the CQM predictions and the recently collected
experimental data for this baryon decay widths.

EM decay widths

['(Bio = BsY)ezp = 2I'(B1o — BsY)com
CQM under predict these values (we can’t understand the experiment in the CQM
frame)
We can study this in any quark model using the following relation

N 2 Fga
T'(Bio — Bsy) = 250127 |[(V g Y| Hint [V a,, )| 4m—5-p2.
MA1

Model dependent ?
The quark model dependece of this expression lie in
specifying the baryon states (p. ej. [Ya)conm, [Ya)uQar, ---)
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Introduction
[
Constituent Quark Model

Constituent Quark Model

|‘I]>totul = |1/}T>07‘b & |¢>fla/uo'r ® |X>spin ® |¢'C>color~

Baryons (¢%) — qqq

Mesons — qq.

The interesed transitions are between the
S-wave decuplet baryons and the S-wave
octet baryons.
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Introduction
[ Jele}
Unquenched Quark Model

Unquenched Quark Model

Exotic degrees of freedom

-Quark-Antiquark sea pairs :
Meson Cloud Model (Speth & Weise,
1998).

Chiral Quark Model (Eichten et al, 1992).
Unqguenched Quark Model (Geiger &
Isgur, 1997), (Térnqvist & Zenczykowski,
1984) (Bijker & Santopinto, 2009).
-Higher Fock states included in the wave
function.

=N [¥(¢®) + av(q® - q0)]
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Introduction
(eI Jo}
Unquenched Quark Model

[Ya) =Na

. B % t
A+ > /deQdk|BCKli) (BOKKLITT|A)
Bols ma — Ep(k) — Ec(k)

T = TICR)

=0 / dp;dp; (B + B)Ciy Fig V(Bi — ) [xa x Y1(Bi — 5)] 0] (5, (7).
i

This is the quark-pair creation operator of the 3 Py model which considers the quantum
2> =\2

number of vacuum (Micu, 1969). V(5; — p;) = ve™ '« (Pi=P;)"/ \where ~ correspond

to an adimensional coupling constant between the | A) and intermediate states (BC). It

can be determined from the asymmetry flavor in the proton.

o It's considered baryons JF %Jr, %+
“w-——  __ow B and pseudoscalar mesons J¥ = 0~. For
Ao — example
e S
— [WA++) Na [|ATY + ansynr [pm)

anssk [BK) +aasax |AT)
AA—An |An) + AA AR/ |A7II>
apssk [ETK)]

+ + +
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Introduction
ooe
Unquenched Quark Model

CQM can'’t explain this
Gottfried sum rule

1 Tr) — n T 1 T
So= [ g2 = Pz _1_2 |} dsld@) —a(e)

the non-nule asymmetric contribution of the sea quarks in the proton
Se = 0.255 + 0.008,

ie, AP = [!dz[d(z) — a(z)] = N(d) — N(@) = 0.118 £ 0.012 (Fermilab E866
Drell-Yan experiment)

Flavor asymmetry
N(d) > N(a)
There is an excess of d than @ into the proton.

We need to study another quarks model that can consider new degrees of freedom
(extension)—> Higher Fock components
UQM can explain it.

Gustavo Hazel Guerrero Navarro

Contribution of the sea quark pairs to the electromagne May 26, 2017 8/33



Electromagnetic decays

Electromagnetic decay of S-wave baryons

d(probability)
Fi_)f:W ’<f|H7,nt|>‘ Pfs
Hint = / A7) A (1)
where
= i@Qq"4(%)
q
and
00 =3 [ ot [ (b (PP, + (1)L 7670 )
3/2 T )
=) (2n)3/2V e(p)
then
JH@) = &) + 35(@) + 5 (@) + L (@) (@) ~ blbs — quark transition
55(5) ~ dybs — pair anihilation ¢
JA(E) ~  bldl — pair creation ¢q
i)~ ddl — antiquark transition
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Electromagnetic decays

In consecuence
2 gt 72
Hine = H,y + Hipy + +

N 2
Taary = 2p2r|(WarHindl¥a)| g

= Am (WAL W a) + (V4| B2 W)
2
WA a) + (W a7, 10|

In the particular CQM frame T' 4, 47, = 47 [(A’y|H], ,|A)

2
int ‘

Pf
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Electromagnetic decays

va) =N[4+ > a,pe IBC)

BC
=1 H
I'I{Hi?
v )
va) =N |4} + aa—por | BC)

BC
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Electromagnetic decays
[
Valence and sea contribution

H} . contribution

m

. . 21 . _.
(War, Y| Hy [ Wa) = W 7 (Parliis|Pa) x By K
pyV

CQM frame UQM frame
3 3
1 aBarpy o 1 aBarpy o
FA%A’W = ZmAm?V /J'S(A/Al) FA%A’W = ZmAm?V ,us(\IlA/\IIA/)

2m2,T /
(00 40) = | N AZA (D Keller, H. Hicks, 2011)
ap3
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Magnetic moments

Magnetic moments

-Orbital angular momentum

e ~
b= S
Hi om
-Spin
ps = @25’
2my

= Z 2#15}' + Zﬂzl_; = ﬁspin + Horbital
% i
matrix elements .
‘IIA’|ZN12 Si +1)|¥a) (1)
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Magnetic moments
°
Experimental information for CQM mm

Experimental information for CQM mm

magnetic moments of Baryons

For example :

Lp = 2.7928473508 + 0.0000000085 (1)
pn = —1.91304273 £ 0.00000045 (v )

[ = —0.613 % 0.004(px)
Hp CQM piyy
Hn CQMpg
HA CQMps
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Magnetic moments
)
Experimental information for UQM mm

Experimental information for UQM mm

Oyuam =N? [(O)cqu + Y, a%_pe(BC;1O|BC;1) + ...
B,C,l

Lde—2F%K?

ma — Ep(k) — Ep(k)]?

oo
aiﬁBn = (675')2/0 dk[ (914—>an cosOp —0a_ By, sin6’p)2 .

Hp
o UQMpa
UQMpq
had
012 Ton  Mmasses UQQM;,LS .
. Harmonic AP(asymmetry) v (AP7 9137 m, <T >)
oscillator 5 <7‘2> “« 200
Vparyon © [p(@) x ¢ 6P/ baryon F2((r?)) =4.0+£0.3 Gel
702 5/9 <7" >meson
Ymeson » fe(B) x e~ YeP/ r?) gq
_agﬁ/g qq

Ygq ~ fqg(P) X e

rg =4/2a2In(2) =4+ 1

Gustavo Hazel Guerrero Navarro Contribution of the sea quark pairs to the electromagne May 26, 2017 15/33



Results

o0

3
aFE 4/ p
I ATy 0 2(W 4 /W,
A—Al~y 2mAm2 I’LS( A/ A)
T
36
a5l
o~ 3.4 ’2
> 1 4
B N
= h
321 = L 4
3L | | | -4k I . | E|
0 10 20 30 0 10 20 30
T T T T T
T 235 4
32
236 e
3| e
5 237 e
S 2s) B
B K¢
g 238 -
26|
M 239 B
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Results
oe

Transition magnetic moments

aF p3 -
r, .. = XBAPy
A—Aly 2mams;
4 T I ]
- CQM
—_ . 1
= uam
3 Exp
S 35 R
IS
o
IS
Q
5 {
o) 3 N
©
IS
c
il
:‘é
g  25F t h
= 1
| | | |
A""/p E*+/E+ Z*O/AO E*O/EO

Transition
Exp data (CLAS 2011, 2012), Transicion UQM (Guerrero-Navarro, unpublished)
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Results
@00

Electromagnetic decays

300 B
700 |- R
S 2s0f B
650 i 3
a
600 i T 200 i
o
&
550 R 150 - i
500 L L L L | L L L L
0 10 20 30 0 10 20 30
a2 (GeV—?) 02 (GeV-2)
uam
T
T
500 | 164 B
=
S 450 R E3
3 :
2 o 162 R
= 400 4 d
J in
< 5
b
= 350 b
160 B
300 M i
| | | | |
. . . . 0 5 10 15 20

a2 (Gev—?)
a3 (GeV—2)
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Results
(eI Jo}
Electromagnetic decays

_ C!EA/p,% 2
FA—>A/’7 - 2‘771‘_1171:7;, MS(\IJA/\IJA/)

T I
. cQaM
. uQMizKnry'
— - Exp [PDG, CLAS2011, CLAS2012]
% 600 H
< ¥
-
Q
T
T’:C
= 400 - N
k]
=
> []
©
13)
m |
O 200 -
! !

| |
A+/p E*+/Z+ Z*O/AO E*O/EO

Transition
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Results
ooe

Electromagnetic decays

How can we understand the difference by using an Unquenching ?

N 2
Tasay, = 2pol27r‘<\DA”Y|H'int‘\IjA>‘ Pf

4 [(W A L 1) + (W | 12, 10 0)

int
2
+ (¥4 [Wa) + (P arl [Wa)| oy

If we consider only the first term £} . it would be valid into the CQM expressions.

int?

Doing this gives us non-consistent expressions into the UQM. Then

FA—)A"y = 471'pr3/./\/:§
i 2T . o o
x iy | —— [(A'lfis|A) + > aaprcaaspo(B'Clis|BC)| x by
PV BB'C

+ ZGIA%BC (A/’ 7|H22nt|BC>
BC

+ Y awpc(B'CLYl |A)
BICY

+ Z aa_sproraaspo{B'C | |BC)
BCB'C’
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Conclusion

Conclusions

exrp model

Ocap e Dasary  ow u(Wa/Wy)
? !

= In the UQM all the "parameters” are well defined into this model and fited with the
experimental information.

m The dependence of the magnetic moment is given strongly by the baryon and pair
size.

m Due to the additional terms, there is still a lack in the expression of the decay
width in the UQM, for that the effective contribution is not so clear even.

m |s there clear differences with the CQM.

= [t could be more appropiated a comparison using another expression related to
direct experimental data.

21/33
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Conclusion

Thank you
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Conclusion

FANy Pyx0,00, Postxty
U-spin [Keller, 2011, 2012] 423438 250423
HBxPT [Butler] 670-790 252-540 70-220
Algebraic model [Bijker,Franco] 342-344 221.3 140.7
QCD SR [Wang] 887 409 150
Large N, [Lebed] 669+42 336+81 149436
Spectator [Ramalho] 648 399 154
NRQM [Koniuk] 273 104
RCQM [Rollnick] 267
xCQM [Wagner] 265 105
MIT Bag [Soyeur] 152 117
Soliton [Scoccola] 243 91
Skyrme [Weigel] 157-209 47
uaM! = Knn’ 560+ 27 287+ 5 124+ 3
Exp 660160 [PDG, 2014] 445480 [CLAS, 2011] 250+56 [CLAS, 2012]

TABLE : EM decay widths A — A’~ (keV) corresponding to distinct models (includying this) and the exp. data.
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Conclusion

Transicion () caMm Large N.[Jenkins]

Large N.xPT [F. Mendieta] UQM 7 K nn’ Exp
AT /p 2.66249 3.51* 3.51 3.03954 3.42 +0.16
w*t /st -2.32402 2.96 3.17 -2.45244 3.49 40.40
%0 /A0 2.30579 2.96 273 2.5014 3.02 £0.27
=*0/=0 -2.32402 2.96 3.14 -2.44828 —

TABLE : Resultados de los momentos magnéticos de transicién suponiendo la relacion de Keller-Hicks.
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Tables

Octete

Barién CQM (pn)  UQM (un) texp(UN)

P 2.793 2.793* 2.793
n -1.913 -1.913* -1.913
»+ 2.673 2.589 2.4584-0.010
0 0.791 0.783 -
== -1.091 -1.023 -1.160+0.025
A° -0.613 -0.613* -0.6134-0.004
=0 -1.435 -1.359 -1.250+0.014
=~ -0.493 -0.530 -0.651+0.003
%O/A° 1.630 1.640 1.6104:0.08

TABLE : Momentos magnéticos de los bariones del octete
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Tables

Decuplete

Barion  u(3) val (unx)  p(d mar(un)  p(3) (un)  p) (un)  p(E 1) (un)

ATt 2.954 2.022 4.977 0.334 5.312
AT 1.453 0.907 2.361 0.122 2.483
A° -0.049 -0.207 -0.256 -0.090 -0.346
A~ -1.551 -1.322 -2.873 -0.303 -3.175
et 1.911 0.615 2.526 0.264 2.789
»*0 0.165 -0.1310 0.034 0.003 0.037
»*- -1.580 -0.877 -2.458 -0.259 -2.716
=*0 0.473 -0.291 0.182 0.159 0.340
i -1.661 -0.422 -2.083 -0.168 -2.251
Q- -0.929 -0.755 -1.6848 -0.173 -1.858

TABLE : Resultados de los momentos magnéticos de los bariones del decuplete en el UQM para la contribucion del
espin, n(§), del momento angular relativo, u(f) y el total, (5, 1).
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Barion CQM (un) UQM (un) Exp (1 n)

ATT 5.556 5.31165 3.7a75
At 2.7318 2.48262 -
A° -0.092 -0.346408 -
AT -2.916 -3.17544 -
wrt 3.091 2.78921 -
»*0 0.267 0.036555 -
o -2.557 -2.71611 -
=0 0.626 0.340423 -
=% -2.198 -2.25133 -
Q- -1.839 -1.85787  -2.02 £ 0.05

TABLE : Comparacion de los momentos magnéticos con los resultados del CQM y los resultados experimentales
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Tables

Momentos magnéticos de transicion

Transicion (un) T L QU™
At /p 2.68091 0.210584  2.89
et /et 21453  -0.0779084  -2.22
$*0/A° 2.13222 0.174976 2.31

2 vx0 /A0
%E /A 2.46207 0.202045 2.66

=*0/=0 -2.00569  -0.0749409  -2.08

TABLE : Resultados de los momentos magnéticos de transicién en el UQM para la contribucion de espin, s, del
momento angular relativo, p; y el total, 7, considerando la contribucién del meson 7.
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Tables

Transition (1 pr) pstKnin ppmKnin prrKnyn psmKnn' ule'r)'r]l ;LT'rrKnn/
At/p 2.75012 0.301182 3.0513 2.74089 0.298646 3.03954
s*t /st -2.29202 -0.158617 -2.45063 -2.29381 -0.158625 -2.45244
»*0 /70 2.27782 0.233697 251152 2.26705 0.234352 2.5014
% 5*0 /A0 2.6302 0.26985 2.90005 261777 0.270607 2.88837
=*0,=0 -2.2728 -0.183334 -2.45614 -2.2625 -0.185787 -2.44828

TABLE : Resultados de los momentos magnéticos de transicion en el UQM para la contribucion de espin, us, del
momento angular relativo, 1; y el total, 7, considerando la contribucién de los mesones wKning y en
la mezcla 7 Knn’.
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Transition (un) T ks wrT
At /p 2.68091 0.210584 2.8915
et/ -2.1453  -0.0779084  -2.22324
»*0/A0 2.13222 0.174976 2.30719

2 v1%0 /A0
%Z /A 2.46207 0.202045 2.66412

=*0/=0 -2.00569  -0.0749409  -2.08063

TABLE : Resultados de los momentos magnéticos de transicion en el UQM para la contribucion de espin, s, del
momento angular relativo, 1; y el total, ., considerando la contribucién del meson .
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Appendix

Célculo del parametro ~2

— _ 1 — _ _
d—a= /O dz [d(z) — a(z)] = 0.118 £0.012,

- 1 1 4 2
2 2 2 2
d = Ny (6%’””’ T 5NNy T EANsar T gaNﬁNw‘lNﬁNn)
5 1 2
- 2 2 2 2
o = Ny <gaN~>N7r + G AN N7 + §IN—AT — 6aN—>N7raN—>Nn) .

- 2 1 2
AP =d—u=0.118 :N]%f (ga]\]_”\]ﬂ- - ga?\]_}Aﬂ- - gaN—)NwaN—)Nn) )

—3AP
’y =
a?\’—»AWBAP +1) +2aNn 5 NraN Ny

1

ol N (BAP —2) + 3AP(O‘?V~>Nn + a?\’*}N'q +aX ek o Akt O Lne
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Appendix

Calculo de las ampitudes de probabilidad de estados |BC)

k‘ole*QsztQ)
[ma = \fm3 + K — J/m2 + kg]z'

2
aAByC@AByoC = (67€")° 04 B1ycOABsC X

oo ik kgeszzkg
/0 ’ [ma = \fm3, + k3 = \Jm2 + k3] [ma — \fm%, Kk — \[m2, + k3] '

o0
a4 _po = (676Aﬁ306’)2/0 dko

Lde—2F%K?

Ep(k) — Ey(k)]? (

oo
ai}—»Bn = (GVEI)QA dk [mA — eA—ang COSGP — 0A~>Bn1 Sin91:>)2 .

Lde—2F%K?

oo
2 2 . 2
QA gy = (6ve") A dk bra = (k) = En/(k)]Q (eAaan sinfp + 04, By, cos 9p) .
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Appendix

AGA1—+B1nGAy—Bon =

o W k46—2F2k2
6 | (mas — By (F) — By (0)]may — Erry (F) — By ()]

X(04, —+Byng cosOp — 04, By, 5iN0p)(04,— Byng COSOp — A, 5By, sinfp).

QA1 +Bin'@Ay—Bon! =

e’ 2 oodk k4672F2k2
( e ) /0 [mAl - EB1 (k) - En’ (k)][mAz - EBz (k) - En’ (k)]

X(9A1—>Bln8 sinfp + 9,41_,317]1 COSOP)(9A2—>BQ7]8 sinfp + 9,42_)32771 COSOP).
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