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INTRODUCTION

Motivation

» 1st principle computation of heavy quarkonium properties from QCD. To
give model independent predictions with model independent errors.
» Determination of Standard Model parameters: mq, as, ...
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INTRODUCTION M1 radiative transitions

Motivation

» 1st principle computation of heavy quarkonium properties from QCD. To
give model independent predictions with model independent errors.
» Determination of Standard Model parameters: mq, as, ...

Potential Non-Relativistic QCD describes the heavy quarkonium dynamics in
the weak coupling situation. m > mv > mv?

(/ao P v§°>(r)> o(r) =0

2m
+corrections to the potential potential NRQCD E ~mv
+interaction with other low
energy degrees of freedom

n
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In the strict weak coupling regime the starting point is
VO _ e = g
s - r
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INTRODUCTION M1 radiative transitions CONCLU

Motivation

» 1st principle computation of heavy quarkonium properties from QCD. To
give model independent predictions with model independent errors.
» Determination of Standard Model parameters: mq, as, ...

Potential Non-Relativistic QCD describes the heavy quarkonium dynamics in
the weak coupling situation. m > mv > mv?

(/ao P v§°>(r)> o(r) =0

2m
+corrections to the potential potential NRQCD E ~mv
+interaction with other low
energy degrees of freedom

2

In the strict weak coupling regime the starting point is
VO = vo = ¢,
To which extent is suitable a weak coupling description of heavy quarkonium.

2
VO = —CFLS,(‘H) (1 + a as(k) + a as(4) + - )

4 1672
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INTRODUCTION M1 radiative transitions CONCLU

Motivation

» 1st principle computation of heavy quarkonium properties from QCD. To
give model independent predictions with model independent errors.
» Determination of Standard Model parameters: mq, as, ...

Potential Non-Relativistic QCD describes the heavy quarkonium dynamics in
the weak coupling situation. m > mv > mv?

(/ao P v§°>(r)> o(r) =0

2m
+-corrections to the potential potential NRQCD E~mv
+interaction with other low
energy degrees of freedom

2

In the strict weak coupling regime the starting point is
VO = vo = ¢
To which extent is suitable a weak coupling description of heavy quarkonium.

VO - _¢,es(/r) (1 4a 2D, at(1/1) +)

r 4r 162
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INTRODUCTION M1 radiative transitions

Proposal: Reorganization of perturbation theory

Strict perturbation theory

2
HO — % FVC S EC, #8(r)

Coulomb potential
VsC =G O‘S(M)

r

Relativistic + 6 V(© corrections:
v y@

AH=§VO 4 = 4~ 4
m m
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INTRODUCTION M1 radiative transitions

Proposal: Reorganization of perturbation theory
Improved perturbation theory "acceleration of perturbation theory"
2

HO =B vO 5 B0 ()

Keep the static potential exactly

PBEGIL Y ST WO T I

4 1672
Relativistic corrections:
v®

v
AH= — + — +
m m
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Improved perturbation theory "acceleration of perturbation theory"
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Keep the static potential exactly
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Relativistic corrections:

M (2
a0V
m m

Applied to inclusive electromagnetic decay ratios (Kiyo, Pineda, Signer).

Heavy Quarkonium magnetic dipole transitions in pPNRQCD Antonio Pineda



INTRODUCTION M1 radiative transitions

Proposal: Reorganization of perturbation theory
Improved perturbation theory "acceleration of perturbation theory"
2

HO =B vO 5 B0 ()

Keep the static potential exactly

PBEGIL Y ST WO T I

4 1672

Relativistic corrections:

M (2
a0V
m m

Applied to inclusive electromagnetic decay ratios (Kiyo, Pineda, Signer).
Apply it to M1 radiative transitions.
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INTRODUCTION M1 radiative transitions

Forbidden transitions. Strict weak coupling: Brambilla, Jia, Vairo

n#n’ 3 2 {02\ ¢ , VC 5 2
F(S —n'Sy) "2 2 zk”{k” (2)C 4 8o 2 w{Ve(Mh

3% (24" T g e T me EC _EC |
2

/ KK 50098 | 2 w(Ve(P)S

r(n' /3 0 gaed | D e 9n n <« niVs n
(n"So — N Syv) aeg 24,,(r n 6 ne +m2 EC_EC |

4 .
Veo (7) = §wc:,DE;;{s(y)a@(r)

DZ (v) = as(v)
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INTRODUCTION

M1 radiative transitions

Forbidden transitions. Improved weak coupling: Pineda, Segovia

3 /1 w4 KK o B 2 w(Ve(P)n
r(n’S;y —n'Sy) = Sae |:24 /(r >n+6 o " E,_E,

3 2 2
’ 3 n#n' > ﬁ K5 2 5w (P)n
F(n So—n 81’}/) = 40¢eo e |:24 < > + 6 e m2 En En’ s
L4 .
Veo (7) = wafo:z{s(u)é(s)(r)

DY ,(v) = as()ok(v) ~ 5s (dor(¥) + Citha(v))

depends on the NRQCD Wilson coefficients. With LL accuracy they read

cr(v) = 27, dsy(v) = dsy(m),

de(V) = dvv(m) =+ ﬁﬂ—as(m)(zﬁ()fZCA - 1)’

2 Lj‘:((,’;))]’;" ~o %as(y)m (2),

Ca C
dsy(m) = C; (c, — 3 ) was(m), dw(m) = — (€= 2 ) mas(m).



M1 radiative transitions
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M1 radiative transitions
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INTRODUCTION M1 radiative transitions
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INTRODUCTION M1 radiative transitions CONCLL
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INTRODUCTION M1 radiative transitions

Prefactor (keV) | A(r?) | A(F°) | A(Vg) [ T (eV)
10.3342 0.022 | 0.039 | —0.042 | 6.3

Table : The prefactor, the terms inside the brackets, and the total decay width
v (28) 5 np(18)y-
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INTRODUCTION M1 radiative transitions

Prefactor (keV) | A(r?) | A(F°) | A(Vg) [ T (eV)
10.3342 0.022 | 0.039 | —0.042 | 6.3

Table : The prefactor, the terms inside the brackets, and the total decay width

Fr@8)—np(15)-
0.026 0.001 0.000
r(%}z)gs)_,nbus = 0.006 £ 0. OOG(O(V ) +o.006(Nm)+o oot (s) 0.000 (Mizs) ke V.

(th) +26
M r(@2s)—mp(15)y = B0 €V-

Matrix element.
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INTRC

ODUCTION M1 radiative transitions

Prefactor (keV) | A(r?) | A(F°) | A(Vg) [ T (eV)
10.3342 0.022 | 0.039 | —0.042 | 6.3

Table : The prefactor, the terms inside the brackets, and the total decay width
v (28) 5 np(18)y-

M8 (1), = 0-008 = 0.008(O(v®)) G G55 (Nim) 15 001 (exs) 15000 (Myis) keV.

(th) __ pt26
Fr@s)—mp(18yy = 806 €V-

Matrix element.
Experimental number: 0.035(7)
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INTRC

ODUCTION M1 radiative transitions

Prefactor (keV) | A(r?) | A(F°) | A(Vg) [ T (eV)
10.3342 0.022 | 0.039 | —0.042 | 6.3

Table : The prefactor, the terms inside the brackets, and the total decay width
v (28) 5 np(18)y-

M8 (1), = 0-008 = 0.008(O(v®)) G G55 (Nim) 15 001 (exs) 15000 (Myis) keV.

(th) _ pt26
r Y (28) =15 (18)7 =6"pseV.
Matrix element.

Experimental number: 0.035(7)
Ours: 0.025"9 %L
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INTRC

ODUCTION M1 radiative transitions

Prefactor (keV) | A(r?) | A(F°) | A(Vg) [ T (eV)
10.3342 0.022 | 0.039 | —0.042 | 6.3

Table : The prefactor, the terms inside the brackets, and the total decay width
v (28) 5 np(18)y-

M8 (1), = 0-008 = 0.008(O(v®)) G G55 (Nim) 15 001 (exs) 15000 (Myis) keV.

h) 26
M (28)my(15)yy = 606 €V-
Matrix element.

Experimental number: 0.035(7)

Ours: 0.025"9 %L

Lewis, Woloshyn: O(v*) = 0.080(5);
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INTRODUCTION M1 radiative transitions

Prefactor (keV) | A(r?) | A(F°) | A(Vg) [ T (eV)
10.3342 0.022 | 0.039 | —0.042 | 6.3

Table : The prefactor, the terms inside the brackets, and the total decay width
v (28) 5 np(18)y-

M8 (1), = 0-008 = 0.008(O(v®)) G G55 (Nim) 15 001 (exs) 15000 (Myis) keV.

r(‘hzs Y= np(1S)y — 6+06 ev.
Matrix element.

Experimental number: 0.035(7)

Ours: 0.025"9 %L

Lewis, Woloshyn: O(v*) = 0.080(5); O(v®) = 0.032(5)
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INTRODUCTION M1 radiative transitions

Prefactor (keV) | A(r?) | A(F°) | A(Vg) [ T (eV)
10.3342 0.022 | 0.039 | —0.042 | 6.3

Table : The prefactor, the terms inside the brackets, and the total decay width
v (28) 5 np(18)y-

M8 (1), = 0-008 = 0.008(O(v®)) G G55 (Nim) 15 001 (exs) 15000 (Myis) keV.

(th) _ pt26
M r(@2s)—mp(15)y = B0 €V-

Matrix element.

Experimental number: 0.035(7)

Ours: 0.025"9 %L

Lewis, Woloshyn: O(v*) = 0.080(5); O(v®) = 0.032(5)

Both agreement but different physics. To be clarified.

Heavy Quarkonium magnetic dipole transitions in pPNRQCD Antonio Pineda



M1 radiative transitions
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Figure : Plot of 'y, 25y, (15)y USIiNg the static potential V]g'sv,) at different orders in

perturbation theory: N = 0,1,2,3 withv, = vy = 0.7 GeV.
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INTRODUCTION M1 radiative transitions

Strict weak coupling: Brambilla, Jia, Vairo (leading order= potential models)

4 LK 5 (p?)¢
r(n*S; — n'Syy) = gaeo 1+2k 7§<Fr'nz }7
3 1 _ 3[(n'P = n’Pyy) _4 Zk3 (0*) o1
r(n’P; — n'Piy) = 571 = 3060 142k —dy |
where dh =1, dy =2, db = 8/5,
S M — M?,
k’*/_|k|_W7

and the anomalous magnetic moment of the heavy quark reads

r = rMag(m)
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INTRODUCTION

M1 radiative transitions

Improved weak coupling: Pineda, Segovia

k3
r(n’Sy — n'Syy) = %aeﬁ,ﬁz (1 +r)—

5 (p*)n

3 m |’
3r(n'Py — n*Pry) 4 o K 5 (P%) m
2J 4+ 1 = 3% (14 r)" = d =

m? m2 |’
where dy = 1, di =2, db = 8/5,

r(n*P; — n'Py)

S M= M2,
k7:|k|:THH,

and the anomalous magnetic moment of the heavy quark reads

r = rMas(m) + K@ al(m)

We also implement the renormalon.
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INTRODUCTION M1 radiative transitions
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Figure : \/(r2)4o using the static potential V]glsv,) at different orders in perturbation
theory: N = 0,1,2,3. Dashed lines with v = 0. Continuous lines with vy = 0.7 GeV. In

both cases vy = co GeV.
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M1 radiative transitions

INTRODUCTION
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Figure : \/(r2)4o using the static potential V]glsv,) at different orders in perturbation
theory: N = 0,1,2,3. Dashed lines with vy = co. Continuous lines with vy = 0.7 GeV.

In both cases v = 0.7 GeV.
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INTRODUCTION M1 radiative transitions
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Figure : v120 using the static potential Vlg’s\’/) at different orders in perturbation theory:
N = 0,1,2,3. Dashed lines with vy = co. Continuous lines with v, = 0.7 GeV. In both

casesvs = 0.7 GeV.

Heavy Quarkonium magnetic dipole transitions in pPNRQCD Antonio Pineda



INTRODUCTION M1 radiative transitions

bb(1S) [ cc(1S) | bb(1P) | bb(2S)
v 026 | 043 | 0.25 | 0.24
S (Gev Ty | 1.2 2.2 2.1 2.9

Table : Estimates for v = +/(p?)/m? and +/(r?) for the heavy quarkonium states. For
the bb(2S) state the number we give for v is quite uncertain.
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INTRODUCTION M1 radiative transitions

LO [ O(as) [ 0(a2) [ O(V?) | as x O(a3) | v x O(V?)
or (ev) [ 1487 | 129 | 0.73 | —1.71 0.15 —0.45

Table : The leading and subleading contributions to I (15)—y,(15)y- The last two
numbers are error estimates obtained by multiplying the subleading O(a?2) contribution
by as and the subleading O(v?) contribution by v.

Fr(8)-ns(15y, = 15.18 % 0.45(0(v*)) Z505(Nm) 70,05 (@) 7020 (Migs) €V

which after combining the errors in quadrature reads

rT(1s V—=np(18)y = =15. 18(51) eV.
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M1 radiative transitions

T
Experiment

R

— T T T T T
Theoretical predictions

PDG upper limit — — -
PDG lower limit — — -
Crystal Ball [49] —#h—
CLEO [50] —@—

KEDR [51] —@p—

Disp. relations [52] ——
Sum Rules [53] H—
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Eff. theory [18] 2~
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Figure : Comparison of different theoretical and experimental predictions for

F/p—ney
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INTRODUCTION M1 radiative transitions CONCLUSIONS

CONCLUSIONS

Precision is k% /m’” x O(a3, v?) for the allowed transitions. The convergence
for the bb ground state was quite good, and also quite reasonable for the cc
ground state and the bb 1P state.

Fr(8)om1sy = 15.18(51)eV,
Co/w(s)sne(isyy = 2.12(40)keV,
Cho(1P)oxmw(1Pyy = 0.962(35)eV,
Cho(1Psxm(1Pyy = 8.99(55) x 107° eV,
M(1P)shp1Pyy = 0.118(6) V.
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INTRODUCTION M1 radiative transitions CONCLUSIONS

CONCLUSIONS

Precision is k% /m’” x O(a3, v?) for the allowed transitions. The convergence
for the bb ground state was quite good, and also quite reasonable for the cc
ground state and the bb 1P state.

Frs)smyisyy = 15.18(51)eV,
Cu/p8)snetsyy = 2.12(40) keV,
Fho(tP)oxm(1Pyy = 0.962(35) eV,
Cho(1Psxm(1Pyy = 8.99(55) x 107° eV,
Mxe(1P)=hp(1P)y = 0.118(6) eV.

Precision is k3 /m? x O(v*) for the forbidden transitions. Large logarithms
associated with the heavy quark mass scale have also been resummed.

Fr(2s)smp(15)y = 603 €V,

This number is perfectly consistent with existing data.
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INTRODUCTION

M1 radiative

CONCLUSIONS
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Figure : Myg = 2myp rs/ (0.7 GeV) 4 Eqq using the static potential V]glsv,) at different
orders in perturbation theory: N = 0,1,2,3. Dashed lines with vy = 0. Continuous

lines with v = 0.7 GeV. In both cases v = oo GeV.
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CONCLUSIONS
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