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SUMMARY:

* Radiative transitions: Basics
» Experimental data on J/'¥ — n. v
* EFT framework: pNRQCD
* Lineshape in J/¥ — n. y using pPNRQCD
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Radiative transitions: Basics

There are two dominant single-photon transition processes:
i) Electric dipole transitions (E1)
ii) Magnetic dipole transitions (M1)
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There are two dominant single-photon transition processes:
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Experimental data on J/'¥ > 1 v

* Only one direct experimental measurement existed for long time:
['(J/W->yn,)=(1.14 + 0.23) keV (Crystal Ball '86)

* There were also several measurements of the BRJ/W->yn~>v ¢ ¢)
and one independent measurement of BR(n_.~> ¢ ¢) (Belle '03)
From them, one obtained I'(J/W->y n_)=(2.9 + 1.5) keV

* Recently, CLEO found I'(J/W->y n)=(1.85 + 0.08 + 0.28) keV (CLEO '08)

*The combination of these independent measurements leads to
['(J/W->yn,)=(1.44 + 0.18) keV with a 13% error

m, =(2977.3 + 1.3) MeV from I'(J/W,W(2S)->y n ) vs.
m = (2982.6 + 1.0) MeV from y vy or pp production
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Experimental data on J/'¥ & n_ v

n. line shape in the CLEO analysis
CLEO PRL 102(09)011801

4250308-001
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| > Input: two background sources
1 * a MC modeled background for spurious
/P 2> X:
bkg(1)(E) = N[exp(-5.720E) +
10.441 exp(-33.567E)]
1 ¢ a freely fit background for J/¥ - n® X and
non-signal J/ ¥ = X:
1 bkg(2)(E)=A+B E+C E2

—
N

n. Candidates/10 MeV [x10?]
co

» a theoretical line shape
0.04 0.14 0.24 0.34 0.44

E(v) [GeV]

FIG. 1: Fits to the photon spectrum in exclusive J/i — 77, decays using relativistic Breit-
Wigner (dotted) and modified (solid) signal line shapes convolved with a 4.8 MeV wide resolution
function. Total background is given by the dashed line. The dot-dashed curves indicate two major
background components described in the text.
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FIG. 1: Fits to the photon spectrum in exclusive J/i — 77, decays using relativistic Breit-

Wigner (dotted) and modified (solid) signal line shapes convolved with a 4.8 MeV wide resolution
function. Total background is given by the dashed line. The dot-dashed curves indicate two major

Experimental data on J/'¥ & n_ v

n. line shape in the CLEO analysis

4250308-001

background components described in the text.

M. mass and width in radiative J/Y¥ decays

CLEO PRL 102(09)011801

» Input: two background sources
e spurious J/¥ - X:
bkg(1)(E) = N[exp(-5.720E) +
10.441 exp(-33.567E)]
e J/¥ - n® X and non-signal J/ ¥ = X:
bkg(2)(E)=A+B E+C E?

» a theoretical line shape given by
E3 x BW'el(E) x damping(E), where

° BwreI(E)-l =

(MZJ/\P _2 MJ/\PE_Man)z +(M2J/\P _ZMJ/\PE)ZFT]C
e damping(E) =

exp[-E2/(8 x ([65.0 + 2.5] MeV)?)]
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Experimental data on J/'¥ & n_ v

n. line shape in the CLEO analysis

4250308-001
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» Output
m, = (2982.2 + 0.6) MeV

co
[ ]

n. Candidates/10 MeV [x10?]
LN

04 0.14 0.24 0.34 0.4
E(y) [GeV]

o @

FIG. 1: Fits to the photon spectrum in exclusive J/i — 77, decays using relativistic Breit-
Wigner (dotted) and modified (solid) signal line shapes convolved with a 4.8 MeV wide resolution
function. Total background is given by the dashed line. The dot-dashed curves indicate two major
background components described in the text.

CLEO PRL 102(09)011801

» Input: two background sources
e spurious J/¥ - X:
bkg(1)(E) = N[exp(-5.720E) +
10.441 exp(-33.567E)]
e J/¥ - n® X and non-signal J/ ¥ = X:
bkg(2)(E)=A+B E+C E?

» a theoretical line shape given by
E3 x BW'el(E) x damping(E), where

° BwreI(E)-l =

e damping(E) =
exp[-E%/(8 x ([65.0 £ 2.5] MeV)?)]

One gets this shape assuming harmonic oscillator wf’s and keeping the interaction unexpanded. Then, it
should be ~ 1/r ~ p ~ 800 MeV!!!!
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Experimental data on J/'¥ > 1 v

. line shape in the KEDR analysis
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Fig. 1. Fit of CLEO data using dl'/dw ~
w3 [ (wwo + (w—wo)?) BW (w).

» Input: as before, but also
damping'(E) =E% .,/ [E E e H(E = Epeai)?]

M. mass and width in radiative J/Y¥ decays

KEDR arXiv:1002.2071

Photon spectrum, background subtracted |
T
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Fig. 5. Fit of the inclusive photon spectrum

with f(w) = wi/(wwo + (w —wo)?).

> Output:

m l"n

n

(2979.7 £ 1.6) MeV (26.9 + 4.8) MeV
(2979.4 + 1.5) MeV (27.8 + 5.1) MeV
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Experimental data on J/'¥ > 1 v

. line shape in the KEDR analysis
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Fig. 1. Fit of CLEO data using dl'/dw ~
w3 [ (wwo + (w—wo)?) BW (w).

» Input: as before, but also

damping'(E) =E2peak/[E Epeak+(E - E,

» Output CLEO:
m, = (2982.2 + 0.6) MeV

M. mass and width in radiative J/Y¥ decays

KEDR arXiv:1002.2071

Photon spectrum, background subtracted |
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Fit of the inclusive photon spectrum
]

f(w) =wi/(wwo +(w—wo)?).

> Output KEDR:

mnc c
(2979.7 £ 1.6) MeV (26.9 + 4.8) MeV
(2979.4 + 1.5) MeV (27.8 £5.1) MeV
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EFT framework: pNROCD

® The LO NR expressions for the M1 transitions do not
account well enough for the data.

® So one needs to supplement them with higher order
corrections.

® EFT provide a systematic and controlled way of doing that.
® |In the case of Quarkonia they are NRQCD (Caswell, Lepage '86)
(Bodwin, Braaten and Lepage '95), pNRQCD (Pineda, Soto '97) (Brambilla, Pineda, Soto, Vairo
99) that exploit the hierarchy of scales the problem has.
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EFT framework: pNROCD

® The LO NR expressions for the M1 transitions do not account well
enough for the data.

® So one needs to supplement them with higher order corrections.
® EFT provide a systematic and controlled way of doing that.

® In the case of Quarkonia they are NRQCD (Caswell, Lepage '86) (Bodwin,

Braaten and Lepage '95), pNRQCD (Pineda, Soto '97) (Brambilla, Pineda, Soto, Vairo '99) that
exploit the hierarchy of scales the problem has.

Scales:
e <p>~1/<r>~myv ~ (0.7-1) GeV >> Ayp
*Ep EMjy —-2m ~ my? ~ 400 MeV - 600 MeV < 1/<r>
* My =M, ~myv*~120 MeV K E,y
e0MeV<Ec< (400 500) MeV « 1/<r>
(E ~ mv? if allowed) (E ~ mv* if hindered)
e T, ~ 30 MeV « myv*
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EFT framework: pNROCD

Scales:
® <p>~ 1/<r>~myv ~ (0.7-1) GeV > Aqep
*Ep =My -2m ~ myv? ~ 400 MeV - 600 MeV < 1/<r>
* My =M, ~myv*~120 MeV < E
e0MeV<E< (400 500) MeV < 1/<r>
(E ~ m_v? if allowed) (E ~ mv* if hindered)

o[, ~30MeVKmyV*
C

It follows that the system is
(i) non-relativistic,
(i) weakly-coupled at the scale 1/<r>:v ~ «,
(iii) that we may multipole expand in the external photon energy.
Pablo Roig
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EFT framework: pNROCD

Scales:
* <p>~1/<r>~myv ~ (0.7-1) GeV > Ay
*Ejy =My —2m ~ my2 ~ 400 MeV - 600 MeV « 1/<r>

e0MeV<E< (400 500) MeV < 1/<r>
(E ~ m_v? if allowed) (E ~ mv* if hindered)
* I, ~30MeV K m_.v*

It follows that the system is
(i) non-relativistic,
(i) weakly-coupled at the scale 1/<r>: v ~ «,
(iii) that we may multipole expand in the external photon energy.

An EFT approach: degrees of freedom
Degrees of freedom at scales lower than mv:
e c-C states, with energy ~ Aqp, mv? and momentum < m.v = (i) singlet S (ii) octet O
e Gluons with energy and momentum ~ Ay, m V2
e Photons of energy and momentum lower than m_v
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EFT framework: pNROCD

Scales: (Brambilla, Pineda,
o <p> ~ 1/<r> ~ my ~ (0.7-1) GeV > Ao @ %
*Ejy =My —2m ~ my2 ~ 400 MeV - 600 MeV « 1/<r>

e0MeV<E< (400 500) MeV < 1/<r>
(E ~ m_v? if allowed) (E ~ mv* if hindered)
* I, ~30MeV K m_.v*

It follows that the system is
(i) non-relativistic,
(i) weakly-coupled at the scale 1/<r>: v ~ «,
(iii) that we may multipole expand in the external photon energy.

An EFT approach: degrees of freedom
Degrees of freedom at scales lower than mv:
e c-C states, with energy ~ Aqp, mv? and momentum < m.v = (i) singlet S (ii) octet O
e Gluons with energy and momentum ~ Ay, m V2
e Photons of energy and momentum lower than m_v
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An EFT approach: the Lagrangian
L = LuNrQeD + L4

1 1

- _ L j'_,!.f-—" [ 1T IJ,-I-" [=hnnlk
* LpNRQCD — _ZF;_LHF o ZF;J,I; F

+Tr{sf (i89 — hs)S 4+ OF (iDy — ho)O} ...
hs :Rehs_l_'i-]:mhs, Rehsng}{!mc +RBV5, {H|Ith|H}=—FHf2

o Pineda Soto NP PS 64(98)428, Brambilla et al NPB 566 (00)275
Brambilla et al PRD 67(03)034018

E1 M1

” e ~, g 1 A
o L, =Tr { Vvi™ Sty . ee E“™S + 5 1% {SJF,J-EEQBem} S—l—...}

M
Vem —14..., Vi=1+...

o Brambilla Jia Vairo PRD 73 (06) 054005
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EFT framework: ypNROCD

L., JNRQCD = /JB:- Tr {1{;‘“‘ S'r - eeg ™S (Brambilla, Jia and Vairo ‘06)
1 _ =B - Y e
5 Vs" {S.0 - eeqB™} S
1 (rV)2EB _
+ Ve = ™ 4SLr'!(VIVIa - eenB™ )} S
16m - { ' ? }
1 a-B
T m -~ - em] o~
"‘ﬂ‘u {O", - eegB™} O

adrxrx B)

]. I‘.) me

+Jl-,:”'.2 . - {qf o - [1-. X (T X f'f‘Qch]]} q
L s
+—lm2 H.* {-ST* g f"'ﬁvl“]‘_)}'.ﬂ“} S
! 'iEFE ~f : em]] o
162 Vgm [b Lo - [—JV <, eeql ]] S
l T Trxr-UE » . ]
o 1'-1 0 I:; me [ST a [—'J.V,u X, l':ilv:f f'@h:pln ’:']] b
T
1 TE#-B .
-|—_l”2” 1{; m> {C_ﬂ' T - {_PQBGIH} V:S
l (Vo) (Vy-B) . . -
+m Ve o 7 { U f'r'QBnm}} V,qu .
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EFT framework: ypNROCD

£ NROOD = jdﬁr Trd Ve Str - eegB™S E1at O(1)

by Ve {8l ceqB s [ Miaton)

The matching procedure gives the coefficients V that appear at a given order in the v-expansion
For the M1 potential (EV1):

V1=(hard)x(soft);

(hard)=c2M=1+20(m.)/37+...

(soft) =

No large quarkonium anomalous magnetic moment
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EFT framework: ypNROCD

M1 at O(VZ) arxrx B)
l I:;; m< ) _ ? N
{Hd_ (T - [l' AT X f'{'@”mn ]]} o

41m? r \
To all orders:

(hard) = 2 ¢i- ¢ = 1; (soft) =r? V,'/2
(due to reparametrization/Poincaré invariance) (Brambilla, Gromes, Vairo '03)

(EV,)

V,=r2V//2
V5 =0 (No scalar interaction)
o B A
I T 1 Yres

{kj'l' T - t’f_'(_b}Bﬁm} S I'.F':'f m> {q1’ T - E.{.L}lgem} V;?.:_\

4m? r \

(hard) = 1(due to reparametrization invariance)(Manohar '97)
V, =1 + O(o soft contributions)

A

(ZV,) =V,
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Lineshape in J/¥ — n.yusing pPNRQCD

d*k o 1w e J
Crpw—ney = (27)3 (2m)0 (E;a — k- Ey ) | (Y(E)ne| £y | T/ W) |

Y

Up to O(v?) this transition is completely accessible to perturbation theory

16 , K [ adMy2) 2083V — v sy
Cyppney = =06 1 + Cp——= 2] S S ;
T eMG | p 3 M
16 5 Kk ag(Mys/2) 2,
= —0e. —5 1 4+ Cp— 1/$12) — —(Craglpr))”
3 M3 w L T 3 '

The normalization scale for o, is the charm quark mass (in the contribution inherited from the
guark magnetic moment) and the typical momentum transfer (for that one coming from the
Coulomb potential).

as( My, ~ 0.35p 7 /4 ~ m(' [:(tq(pj w)/2 =~ 0.8 GeV
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Lineshape in J/¥ — n.yusing pPNRQCD

16 o K (IJFEH'&(ﬂfJ,-\p/?) 2@y, <;1|1-;.|1j;-)

1".‘_..2—{1'{1’1— -
J/u 0 kil 3 i 111-2 3 T 3 ﬂfJ_,""-I-’ Jﬂl.lr_j.l,-l[r

s 1 ( '_-e
sy das( 2NV AV _ 32
3 r ? “lfur i .'ﬁlj—urf,-'q; .2-‘
2 -"..-,|13J 4 (T
If Ve = .'——'— H—“:— (
* IV o 3 ;“lle__-‘-_p ;?'llrJf;'-.L- 3;?';1{&.’11, "

A scalar interaction would add a negative contribution — 2 (1|1 5calar 1) /M ;.

U(J/1¥ — ney) = (1.5 + 1.0) keV =gl Ela 1)

‘ However, the theoretical (EFT) description of the decay J/W->y n_is not a priori what
should be directly compared to CLEO data
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Lineshape in J/¥ — n.yusing pPNROQCD

J/¢p — X ~ for 0 MeV < E, < 500 MeV

Three main processes contribute to J/¢ — X ~ for0 MeV < E.,, < 500 MeV:

o J/Yp —ney — Xy

R A A
[ ™ il

;T-\
[
O} ® O

M1 Imh. M1

| ] I, ‘J’ e . f], . ”’. .’1;.: ‘I’I

o J/Y— Xc0,2(1P)y — X~

—
i)

I
I
| AN
" I I ,f’."'lIJ & SP! L 3p, & J/u
& ® =
E1 Imhs ET

I

e fragmentation and other background processes, included in the bkg functions.
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Lineshape in J/¥ — n.yusing pPNRQCD

qrinag m 2 2 13 I
dl’ 1M 2062 Lt "
. . i F ‘r-.':} ll r-:l.

=

] r— Ne”Y 2
17 — 3 2 - 2 I7
k- . : 0 . - le
1k ! 3 m J (E,!,.-"tlr o ;'“_- o Eue) + _J,E"
E
117 el . 2 2 |Ue I:k" )
LIF-T.--‘"I’—HF Y _ i > feo |7 10 (0) [(_-'_.-;'u‘i??hfl (3 P.,) +5C43mfy (:Jpg)}
dk, o« T md | |

The function a.(k, ) has been discussed in (Manohar, Ruiz-Femenia '03, Ruiz-Femenia '07, '09).
(Voloshin '03) gave a closed analytical form for it.

We have checked the results in these papers for the orthopositronium decay spectrum in
(p)NRQED. (Caswell, Lepage ‘86) E (V)

0.001 0.01 0.1 1
1000 pr—r—r ..N[ ———————

100 & ||
3 f
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L ul L
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0.001
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Lineshape in J/¥ — .Y using pNROCD

— El transition
6e-05 — —— MI transition —
56-05 ' .
|
|
| |
_ 4e-05— [ .
= [
= [
= 1
3e-05 [ -
| ‘\.
| \
2¢-05 | \ .
|
/ \
le-05 — / _ —
L / — OO
0 L ‘ —— N R
0 0.1 0.2 0,3 0.4
k (GeV)
E?
at 64 a E,T, 2

dEy 2T MG,, w2 (Myy—Mn. — B2 +T7 /4 g1y Ney — X 1

64 E3 A
o ForI',,, — Oonerecovers I'(J/¢¥ — n.7) = —« ST L
27 M ? I Y # 2
e The non-relativistic Breit—Wigner distribution goes like: M1 Twh. M1
|
ng 12 for E, > m.a2 ~ M, 1 — M,
(ﬂ-fJ’fﬁl B ﬂfﬁc B ET)Q i F%C 4 {:"lfJ_f (A —Tﬂfﬁ-c :]2 = Eﬁf < mcaé - ﬂf'}fﬁ: B ﬂfn
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Lineshape in J/¥ — .Y using pNROCD

o5l \ ]
1 0<; / \ . .
/ T J/ = Xew2(1P)y — X
0 ' = = o«
0 0.1 OL.;(GEV) . X :
di 32 o K, {ngl (B oy
T2 2
dE., 81 fl-fjf,u.l T |27 @T’ ,| %
E1 Imhs E1
(1 —v)(3+ 5v) 82(1 —v) * ]
e a(Ey) = 31102 +3(2—u)(1—|—y)3 oF1(2—v,1;3—v;—(1—v)/(1+v))
v=\/—Eju/(Ey — Ej/y)
o Voloshin MPLA 19(04)181
1 for B > mca? ~ Ejy
o |a(E,)? = ’ a

E3/(2Ej/y)? for Ey < meaZ ~ Ej/y
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Lineshape in J/'¥ — 1, yusing pPNRQCD

— El transition
6e-05 — N — M1 transition —
M
/|
5e-05 [ .
|
|
[
_ 4e-05— [ .
<3 [
= [
= 1
3e-05 — | \ -
| "\I
| “‘.
2e-05— \ .
- | \ .
1e-05 — f/ \ -
/ S~
L / I —
0 s l : —— N R
0 0.1 0.2 0.3 0.4
k (GeV)

e The two contributions are of equal order for

., e, 2 =
MOy =2 Loy 2> Mol ~ —EJ;T;.,

o the magnetic contribution dominates for

R .2 e, e 4 . _ A .
_EJ{g 1.!: o THC&S o Eﬁf o m—cﬂ.ﬁ ™ J.-"IIJ;I,-‘?:.,:, J.T‘ij-}iuc,

» it also dominates by a factor Eﬁw;’(ﬂfjw — M, )% ~ 1/at for

e 4 LY s
Ez-- . mr_‘.ﬂs o JT‘IIJ);,L{J — JT‘I'I??C.

I
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Lineshape in J/¥ — n.yusing pPNRQCD
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» Besides M, and I';_ the fitting parameters are the overall normalization N, the

signal normalization, and the background parameters a, b and c.
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CLEO way
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PNRQCD plus exponential suppression
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Differences with the CLEO fit

» No damping functions, which do not seem to have a theoretical justification. They
account for about 50% difference in the . mass.

e Damping functions require a larger background above the 7. peak. The absence
of the damping functions accounts for a background about 30% smaller than in the

CLEO analysis.

o The use of the non-relativistic Breit-Wigner XEE distribution instead of the
relativistic Breit—\Wigner ><:E::' distribution used in the CLEO analysis accounts for
about 50% difference in the 1. mass.
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CONCLUSIONS

e Radiative decays of quarkonia are/will be subject of
research in CLEO-c, BaBar, Belle, BES-III.

e One can take advantage of the hierarchy of scales the
problem has and develop an EFT approach (pNRQCD) able to
study them systematically.

e Within pNRQCD at O(v?) one obtains I'(J/W->y n.) in
agreement with experiment.

e A description of the lineshape of this process is currently in
progress: I'(J/W->y n ) and m, .

e We find that the M1 contribution overcomes completely
that of E1.

® Getting the br from the lineshape is not straightforward.
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SKIPPED SLIDES



Outlook

e We plan to include the first relativistic correction of order E., /m.. (~ a2 around the
n. peak). Note that relativistic corrections of order {p)gf-mg are reabsorbed in the
overall normalization while corrections coming form the multipole expansion are of

order E2(r)? (~ af around the 7. peak) and therefore suppressed in the peak
region.
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Our bad high-energy behaviour
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CLEO bad high-energy behaviour
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CLEO way with pseudodata
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CLEO way with pseudodata
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Multiple expanding or not multiple expanding?
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Not multiple expanding
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Not multiple expanding with pseudodata
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Not multiple expanding with pseudodata
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