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The Hidden-Gauge formalism (HGF)
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The VV interaction in HGF

Starting from a nonlinear sigma model based on ¢/u = sv(2);, ® sU@) g/sUE@) !
Bando,Kugo, Yamawaki

L= (f2/9Tx(0,U0"U"),  U(z) = exp[2in(z)/ fx] (1)
and introduce new variables £r,&r and the field V,:
U(z) = €] (@)Eg(2) , Vi = (1/20) (0, - €5 + 0utp - €h) @)

Any linear combination I = L4 + aLy of the invariants:
by = It e, el by L, i el elhy?
v = " r(Du€r - &y + DuéRr - €R) Ly = 4TT(DM§L €7, — Duér - €R)
is equivalent to the original one, Eq. (1). A kinetic term is added,
—(1/4¢®)(V,u)?, and choosing a = 2 it is obtained
» 1)m’ = 2g...f7 (KSFR relation)
» 2)p dominance of the electromagnetic form factor of pions (4v,, (= x o))

And, fixing the gauge .fz = &r = £ the Lagrangian becomes in the Weinberg’s
Lagrangian (nonlinear realization of the chiral symmetry)
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Lagrangian

L£® = if(DuUD”UT +xU" +x'U);

L=

DU = 0,U — ieQALU + ieUQA,.;

Upon expansion of [V,, — éfu]Q

Ly

LV'yPP
Lvpp
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Lpppp
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eg A, (V*(QP? + P?Q — 2PQP))

L + L

V,,“, = 8/,A,Vl/ - auv,u - Zg[VI»H VV];

—ig(V*[P, 0, P])
ieA,(Q[P, 0, P])
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([P, 0. P]).

xchange with on-shell factorization Improved

1 o1
Lirr = _Z<VWVH )+ iMXQ/([Vu -

calculation (p-e
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The VV interaction in HGF

VvV, =
1oy ) A + 2 . .
Ty = —[ul(9y — ieQA)u + u(dy — ieQAy)u'] u? =U A + <hs
2 Vit Vs ’ X
Fy 1 Gy 1 ) f My, - 0
v o= . Py =V2f, Gy =-—, g=— P 7"—\/§+% K*0
My, V2g My, 2v/2g V2 2f E— ) ®

Y

Crrr = =3 (Vi VP c G = ig((0uVi, — 8, V,)VHV™)

\

L) = LV, VAV —V,V,VEVY)

Y <
%4 4
14
b) c)

a)
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calculation (p-e

Spin projectors

PO SGHE”EVEV >< ) >©< >©©< T
pL = ;(eueye“e” — epeve’€e")
(2) 1 KoV v_py l a_ B
P {2(@61,6 €’ + e ene’e) 5 €ac” € } ‘T:[IfVGer‘
Approach
e/ =(0,1,0,0 R
eé = Eo 0,1 0; k' = (k°,0,0, |k|) e =(0,1,0,0)
Mo 20 0 - 652(0707170)
€ = (K], 0,0,K7)/m Ffm 0, ke ~0 e =(0,0,0,1)
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amplitude for § = 0 and A = 1300 MeV
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Theory Experiment
(I,J) M[MeV] T'[MeV] Name M[MeV] '[MeV]
(0,0) 1532 212 f0(1370) 1200 to 1500 200 to 500
(0,2) 1275 100 fp(1270) 1275.141.2 185.1729
Convolution + 27, 47 box
diagrams
[1] R. Molina, D. Nicmorus, and E. Oset, PRD 78
(2008). [2] L. Geng and E. Oset, PRD79 (2009)
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Beyond the static p exchange with on-shell
factorization
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On-shell factorization
[3] D. Giilmez, U. G. Meifiner, and J. A. Oller, Eur. Phys. J. C 77(2017)

1 1

D(p) = — = - Pt (k) Pt (ks)
() q? — M2 +ie —2k2(1 — cos0) — M2 + ie
POk — k3)
On-shell momenta
Assume:
@ =0; g=(k1—kz); ki=m3; 7 (k) o (ks)

k2= (£)2 - m2; (k* <0 if E < 2m,)

s-wave projection

1 4k? + M?
D,(s—wave) = e log (]\ﬁp + i€
P

If 4k + M2 =s—4M? + M? =0, s = 3M?, D,(s—wave) = oc. For
5 < 3M7, ImD,(s — wave) # 0.
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I J Contact Exchange Total(thr.) [I€(JF°)]
0 0 82 -8 (45’\;2 - 1) —8¢%[0F (0+)]

P
0 2 —dg®  —8g? (43”\;3 - 1) —20g2[0% (274)]

Table 1: Potential V for the scalar and tensor channels with I = 0.

2
V(s) = Ve + VixDy(s — wave)(—M)) (6)
500
60000
50000
40000
I 30000
20000
10000
1200 1300 1400 1500 160( 01000 1100 1200 1300 1400 1500
Vs [Mev] VsMev]

Table 2: Left: Dashed line: Vo = V. + Vex from Ref. [1]. Solid line: Re V(s) of
Eq. (6). Dotted line: Tm V' (s) of Eq. (6). Right: |T|*> with V(s) from Eq. (6).

No singularity is found for J = 2!
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Convolution of the D, function

v (

S

) = Ve + VexDy(s — wave)(—M?); T =[1-VG]'V;

N 1 (Mp+2Up)2 5 1 00 _
Dp = — dim, (77) Im B Tl
N J(Mp—2Tp)2 ™ m2 — M2 4 iT'm wf T
P 3 P
2, -2 o
1 ap? +m -
X | =— log _72" + e ® — ReV(y)
4p m2 10 VA
200} - Imv(s
=2 2
M2 — am 300
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Mp - e 1200 300 1400 1500 160
VsMev]
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Improved calculation (p-ex. meson not on-shell)
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One-loop calculation

X T <L

(a) () () ()

d3q¢ 1 1 1

t =
(27)3 2w(q)? 2w(p — §) P° — 2w(q) + ie
|71 <@max
% 1
0 R : (%.7)
5 —w(q) —w(@— ) +ie a
Two cuts: (No singularities, Tmt = 0 for P° < 2M,,) (& —q0.5-17)

(1;”‘717) P—q

1) P°—2w(q) +ie=0 )
2) 7 —w(e) ~w@— ) +ie=0

Since w(q) > M, for P° < 2M,, 2) never vanishes.

. 1 1 —1
On-shell fact.: P T N 377

exact at thr. with ¢=0.
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One-loop calculation

Define Gperr :  Gper(s)G(s) = t(s), and
‘sz - chx(_Mg)Gp,cﬁV (9)

(Vex 4 V)2 G gives rise to the diagrams (a), (b), and (c). Approximation
for (d) as V2G.

(d) is exactly evaluated in PRD79, Geng and Oset(2009).

2.5 — 4.5% difference in total one-loop contribution.

T=[1-VegG) Vesr; Vet = Vex + Ve (10)
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One-loop calculation

! L.
— ReV(s)
150 - Ver® 2x10®
- Vo(s) o
1200 1250 1300 130 1400 1450 1500 200 1250 1260 1270 1280 1290 13
VsiMev] VsiMev]

Table 3: Left: Comparison of Ve, Re V(s) and the potential from Ref. [1].
Right: \T|2 evaluated with Vog and G. The value of gmax is 1500 MeV.

Stable parameters of f5(1270)
g% = MRFR V |T|12nax
=g gr = 10.7GeV, gmax = 1.5 GeV.
E—wi(p) —w2(p) (g7 = 11.7GeV in Ref. [1])
Both: /so = 1273 MeV, I' = 3 MeV.

P2(p|)2. < p > 500 MeV
If p =50 MeV, /50 = 1254 MeV, ' = 2 MeV and gr = 10.0 GeV.
If p = 800 MeV, /50 = 1300 MeV, I' = 5 MeV and gr = 11.0 GeV.
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[4] M. L. Du, D. Giilmez, F. K. Guo, U. G. Meifiner and Q. Wang, Eur. Phys. J.
C 78 (2018)

Scattering amplitude : T = N(s)D " (s) (11)
— —s0)" [, ImT(s")D(s")
Nis) = S~ g gm o & 80)/ ds
()= ans" + =2 | A
n—1

D(s) =Y @ms™ + (5 = 50)" /oo ds’( PsHN(s')
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o
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kel
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Q
o
Q
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1
Da(s) =0 +71(s = s0) + 572(s = s0)” +

50 = Sth ; p(s) = o(s) . o(s) =2pv's = /(s — s0)

RSO Lay O AN

™ s’fsofie)(s’fsfie)sa;

(12)



> i, i = 1,2: Matching Ds(s) to 1 — V G at threshold:

P(s) =20+ (s = 0) + 37205  50)? (13)

s—s50)s2 [, sV (s
wals) = 1= V{s)G(s) = %/ ds (s’ — s0 —pz(' 6))(‘:/(—)8 —i€)s’?
(14)

‘70 = wa(s0); 71 = wy(s0); Y2 = wy (s0) ‘ (15)

e Hidden-Gauge formalism (HGF) Beyond the static p exchange with on-shell factorization Improved calculation (
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D(s) at O((s — s0)?)

Extra subtraction at s = 0:

1 1
Ds(s) =v0+71(s — s0) + 5’72(8 —50)> + 5’73(8 — 50)?

calculation (p-e

(s=s0)s® = p(s)V (s
" g /&o ! (s' —s0—i€)(s' —s—i¢€)s (16)
1 2 1 3
Ps(s) =0 +71(s — s0) + 572(5 —s0)" + 5,),3(5 — s0)
(17)
oafs) =1 VIGts) - C0 [ Ta B

\vo =ws(s0);  m =wi(s0);  Y2=wi(s0);  v3=w5 (s0) ‘

(18)

(19)
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1 s—wave _L

D =
o(P) p2—m,2)+ie 4p?

Log

B
g,
o
- / 2 (s.w.)
Vew = Vea(—m,) D,
cen Vi =V.+ Vi
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(Real parts)
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Result with convoluted potential

1100 1200 1300 1400 1500 1100 1200 1300 1400 1500
E(MeV) E(Mev)
2 T T T T T
N 1 M,+2T,)2 1 1
D, = — (Mp ")2 dﬁlﬁ(—f)lm 3 3
N J(Mp—2Tp) ™ mp—Mp+szp
af ]
1 4p? + ’ﬁlg
E ] X | ——=log | ————2 + ie (20)
4p2 m2
P
af e D, ]
. — Ds
TR e 1-VG
1100 1200 1300 1400 1500 22/2
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Parameters: oy x 105 (MeV™2) 35 x 10'2 (MeV %) 3 x 10'8 (MeV ™~ °)

Dy —-3.7 —2.0 —24 -
D3 -3.7 -3.0 -3.9 7.7
D, —4.3 —4.1 0.04 -
Ds —4.3 —5.1 —0.35 2.8

Table 4: Value of the parameters 7's (no convolution: upper two lines;
convolution: lower two lines.)

@ L. S. Geng, R. Molina and E. Oset, “On the chiral covariant approach
to pp scattering,” Chin. Phys. C 41, 124101 (2017)

@ R. Molina, L. S. Geng, and E. Oset, “Comments on the dispersion
relation method to the vector-vector interaction,” (2018)
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Conclusions

Since the potential in the vector-vector interaction is more attractive
for J = 2 than J = 0, the presence of an state more bound for J = 2 is
unavoidable.

The state found in HGF has stable properties and similar to the
f2(1270).

In fact, the radiative decay agrees very well with experiment. Crystal
Ball T'(f5(1270) — vv) = 2.7179-3% KeV. Our result: 2.6 KeV.
Nagahiro, Sekihara, Oset, Hirenzaki, Molina, PRD79, 114023(2009)
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