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MAIN IDEA: ortho-Ps (e'e ) —> J/¥P= (cc )

On the other hand, the M =0 state of orthopositronium W a0
has a small admixture of para-state due to the inter-| [ .~ 10ns 1
action with the magnetic field, and hence can decay| |
either by three-quantum annihilation or by two- y VY o [ MGTT)
quantum annihilation. The relative probabilities of| [ 142ns |
L2 . W, F=0 Y |M:ll)
Quantum states Mixing in [B]: | 77 -
. v
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M;0,0) = —s|M; 1) +c|M; 1) Changed decay widths

D(B) =T, p o +DI'( 1B

[B=1T]: (30% ortho-Ps — 3y disappear) (B:) ol (&bhwam)
BBz 2

this is called the “Quenching” of decay. I's(B:) =Ty rso = I'(§ ; )

* 30% J/¥ — Il in B=10"T can disappear, is affected.




Magnetic moments of Baryons [Quarks]

baryvon | m |MeV| | quarks Lo ), i
7 9[:38.:3 | Ton o0 T2 SU(6)
I 0306 | dud | 101 | 0 | 101 | ()
pr=pg) A 1115 |(Cdu-s) | -0.613 | 0 | 0.613
y+ 1189 us-u | 246 | 9% | 2.67 | |
5= 1197 dod | <116 | 6% | -1.00 | et
=0 1315 US-S -1.25 | 13% | -1.43 ‘
== 1322 dss | 065 | 240 | -0.40 f teli?
O~ 1672 sss [ -2.02 | 9% [ -1.84 K7 SN
spin 3/2 ATT 1232 nuu 6.14 | (9%) | 5.56 o S
AT 1232 uud 2.7 (1%) | 2.73
Quark magnetic moments: @
quark | Q | pq [un] | m” [MeV] | Agreement: @
u 2/3 1?%52 338 hO
d -1/3 | -0.972 322 [l = =——  constituent
s | -1/3 | -0.613 510 2m < ark mass




Magnetic moments of Vector mesons:

Observe: spin 3/2 baryons  /lexp Op [
)~ 1672 SSS -2.02 | 9% | -1.84 (g
AT 1232 uuu 6.14 | (9%) | 5.56 @
AT 1232 uud 2.7 (1%) | 2.73 @
=) g
Vector mesons: spin 1 (L=0) K
charged open-flavor 1 = 21 _ hQ o =4730
P K*T | D*= | D | B*~ Ha = 2m* m*.=1510
m MeV] | 770 | 892 | 2010 | 2112 | 5325 quark | Q | pg [pn]
qq du us de SC b 1 2/3 | 1.852
ulpn] | 2.82 | 246 | -1.37 | -1.02 | -1.02 d [ -1/3 | 0072
Agrees with L-QCD: Lee et al. PoS (LATTICE 2007) 151. > '1-*’{ 3 | -0.613
—> y.=-2usl3 C 2/3 0.404
S ow=u /9 B | -1/3] -0.066




Using Analogy with Muonium: ‘é_é
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e Vector mesons 3 Triplet state
(1,0
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Open-tlavor Vector mesons in [B]

E [MeV] 1) —> Magnetic moment
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5360 :
—> Magnetic polarizabiliy
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—> charged Vector mesons:

Magnetic moment: charged open-flavor J’=1~ mesons.

@ ¢® W=D g

p- | K* | D* | DI | B*
m[MeV] || 770 | 892 | 2010 | 2112 | 5325
*qq dii us dc SC bii Lge=1y + tp = 1.9y
wiuy] || -2.82 | 246 | -1.37 | -1.02 | -1.92 Similarto 4




D™ meson magnetic behavior D™
(1869) MeV (2010) MeV

Hy=-2"H,

D *{1,-1}

E [MeV]

2150 f

D ct=312 um

;1.:,:.; ,U — _137/1
; N Ty = 96 keV, cT=2070 fm

Our simple calculation: /= >_

1850 |

: N D™ {1.1) D*0 p_ | K*7 | D~
D" {0,0} L 2007 MeV| 770 | 892 | 2010
1850 o o T . c d us de

- B[T] e oa0t = 144 pn (-2.82) 2.46 | -1.37
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Electromagnetic form factors of light vector mesons
F. T. Hawes M. A. Pichowsky

Calculated static properties of vector mesons include the charge radu/ and magnetic moments {J; e
=061 fm. {(rp..)'"=054 fm  and (rp.o)=—0048 fm" and |p, =269| [ugps+=237) and ppso=
—0.40. The calculated static limits of the p-meson form factors are similar to those obtamed from light-front

quantum mechanical calculations.




Open-flavor NEUTRAL mesons in [B]

E [MeV]
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—> neutral Vector mesons:

B*r_’} B;fﬂ‘ Kﬂ# DG*

m[MeV] || 5325 | 5415 | 896 | 2007
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W [uy] -09 | -05 [-03 ] -14
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—> Magnetic moment E =
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Polal’lzablllly [ induced magnetic moment |
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—> Magnetic polarizability:

induced magnetic moment is
LARGER than STATIC U pyo-

{c o

For |p ¢l =

byl > p=0 (J/¥,Y)




Hidden flavour+Heavy = Quarkonium

e ~_ induced magnetic moment u* = -2y,
31505— J/ {1,0}
31[:[:;— ] o Jh (1,41} )

-1 ) —> Magnetic moment = ()

3053;—_. . _ _ (3097) .
- el Yig
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QUARKONIUM =~ POSITRONIUM 0. induced u* — 2y,
- mixing of ortho «» para states . - M

- quenching of ortho-Ps decay 9380 - -




Quarkonium < Leptonium
J¥, Y(9460), (p(lOZO) e'e, uu, Tt

CC', bb', g' 3097%@ @% I/trple?[i

para-cc' = 17 ortho-cc' = J/'¥Y
c7= 2100 fm (3y,up)

AE =117 MeV (1 02M6V)
[v = /02 c7=6.9 fm (2y,pp... |

< 2980)1 1 : ]
nc ' I lé\ e Slnglet S e}

)
II\&H___ ____,,../ | | \_M:
e Positronium e'e™ (1s) -

AE=8%10“*eV

ortho-Ps (J=1, mz=1,0,-1) para-Ps (J=0)
* lifetimes: 142ns (3y,5y) and 0.12ns (2y,4y) MAGNETIC QUENCHING

OF
ortho-Quarkonium DECAY




Positronium: discovered @MIT (1951)
Predicted 1in (1934) ‘F’E':;;W
* 1955: Magnetic Quenching observed ﬂ* ",

L T T T T T 7T 30% of yyy decays

: I\Phys. Rev. 98 (1955) p.1840 |

; 2?2 22
T H | 3y decays disappear Ne Na
fraction, f, of orthopositronium which decays by (replaced by 2'Y )
. F=1

, ?
I I P
three-q annihilation as function of magnetic field
T — ' 142ns |
¥ = cos(a)¥, + sm(a)\Pp\ s 1azns

ol $ + _| in magnetic field: 1 Tesla
¢ * H{KTLGG&US?:] - ® ! s ° Ve
— . 3 7 ns
¥, = cos(a)¥, —sin(a)¥, _
48 et
1w
ortho-Positronium: decays —> vy | 02ns v
" . : . : . mTD

e similarly: K; —> CPv R R R R o
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ITL)

+ = [ TLy+[L T
ortho-Ps {1,0} (e"e") —> 2y =
In the presence of a magnetic field the M=41 lP;
magnetic substates of orthopositronium are still pure
ortho-states, and will decay by the three quantum
annihilation characteristic of orthopositronium decay. LT
On the other hand, the M =0 state of orthopositronium
has a small admixture of para-state due to the inter- ol
action with the magnetic field, and hence can decay
either by three-quantum annihilation or by two- Ty
_ el . Y|l T
quantum annihilation. The relative probabilities of
these two modes of decay depend of course, on the ¥ N2

P

e Mixing in [B]: IM;1,0)= c|M;T])+s[M;LT)
forB=0 c2=s2=1/2 |[M;0,0)=—s|M;T])+c|M; lT)

n [B] orto-Ps (J=1) and para-Ps (J=0) states get Mixed together X=21|B ,ff‘ﬂEhf

* 30% decays affected. B=10T - 5[- i) - 5[+l




J/\P{1,0} <— MIXING —> 1.{0,0}
p.=04:py=p, /4500 X=21.B/AEy  AE, =AE, «1,4 10"

1) opens 1, —>e'e” channel (directly to dilepton)
2) opens J/¥ —> vy, gg channel (C-parity OK: yy-y*)

virtual
3) I, increases: shorter 'cT"
Ho wever: eV Charmoniumin Magnfi.:; Fi e](rii) . d)
(LHO) .y Iy (1,0} e

e STATIC strong Bneeded: 10°T | vy —  jyper ©°

14 . L {1 W
+ RHIC: B=10 W-lfm

J/: ct=2100fm 770: cT=7fm 5] _W;Y

_'""--—-_______________ +. .- + -

B [Tesla)

Y: ct=3400fm —> Smalqufect 1105 2x10'  3x10'5  4x10%  5x10'S




Magnetic Fields in Aut+Au / Pb+Pb

PHYSICAL REVIEW C 85, 044907 (2012)

LHC: B » 4.1015T
RHIC: B=3.104T . ““||—ga»
eB ~ 3m,2

b

PHYSICAL REVIEW C 83, 054911 (2011)
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FIG. 13. Impact parameter dependence of the
magnetic field Au 4+ Au collisions /sy = 200 GeV.




PHYSICAL REVIEW C 82, 034904 (2010)

Kirill Tuchin
Department of Physics and Astronomy, lowa State University, Ames, lowa 30011, USA and

We study the synchrotron radiation of gluons by fast quarks in strong magnetic field produced by colliding
relativistic heavy 1ons. [We argue that due to high electric conductivity of plasma. the magnetic field is almost
constant during the entire plasma lifetime| We calculate the energy loss due to synchrotron radiation of gluons
by fast quarks. We find that the typical energy loss per unit length for a light quark at the Large Hadron Collider

—> Plasma keeps [B] fields: QGP is elmag. plasma
=N B

y>
g fﬁ
A -

¥

0.1 Medium

0.01 { \

0.001 ¢ ~_ Vacuum

1074 | T

PR [ T S TN SN (RN ST ST T T S T ST T S (N T T ST S [ S T S S
5 25 3L'It

0.0 ] 1.0 1.5 20

in QED plasma — stabilization of Magnetic Fields




Quarkonium (J/¥ , Y) and Positronium
mixing of states in magnetic field.

bb
I14) T 1 0ys1e )

o V2
/ g Tl{f* Yo
x o "7:; T
|II|I 0"' IIIII b E | J, ,]\
I'.H xt" I.'I [l Ty )
x J;"II Ol
\ X My T4y-1L1)

R Yo 2
¥ =cos(a)Y +sin(a)n, ¥t = cos(a)¥, + sin(ax)¥,
e |
2.4%)e'e” ggg gg YYY YY

In static field B=5*10"° Tesla in field B =1 Tesla




Charmonium (J/¥ «— n,) mixing
quantum state superposition in [B].

cCT e
11 -

Jly 35 |
‘P.Ir ot I —ne
cT o -~ :
o 15
Ne ko Y —m

n

2= 101 43 10%° fr 1017 B [T]

¥\ = cos(a) I/ + sin(a) M

Angle a for the mixing of quarkonium states
/ i(&M)) i in magnetic fields: tan{a) = x/(1 + /1 +x2).

(6%) eTe i u- ggg gg X = 2.”123/ AE}, f
in static field B=4*10"Tesla o =30° for J/¥ and12°for Y.




Decay width of J/P and Y (increasing)
due — gg channel.

2100 fm/c
Decay width of J/i and Y substates (m,=0) Lifetime of J I\I] is reduced T
I (kev) . . .
. . JjPst (charmonium) M-=0 substate Lifetime decreases
1 _ z
su0 | PV [e=c] .
- Twll™ :—"'--.j---r ----- T-—--- M- I-=-=-=--- r
[ e - .H‘x I I I I I
wof gx102 oo - Npoma b R i
e - F I I I I I
J/y {1,0} fx107H b N IREEEED ARREES -
- axlgp----- E— --- }“‘i ----- ﬂ: ------ E ------ E—
: £ ro---- LS CELEEEEPE ------ -
100 p——" Y {1,0} N LN S Lo R T L
— — - N 1x10 - I I I o I
1 L L L 1 M | P I [ I,]I 'Il : ! ! ! --I"-_____ !
1= 10" 2x10" 3x10™ 4x10™ S0 6x10M e S CTTTT T 1T D T
L 1 1 1 1 1
B[Tesl] 2100 4x10M gw10!* gx10l® 11083
[eec] Eta_c (charmonium) Lifetime (shghtly incresing)
B e T e -3
; I I I e 400 fm/c
N I e I B
1_3}{1.:,—:: e | I . . - j'_,{.H = 2
: : : : : [(B.) = Lopoay + (x5 )
- ! ! ! ! ! ~hyper fine
22810 B demeens bemeenas Lo demeens |
1 | 1 1 1
I I I I 1 - 1 -/ Ju'HBz 2
o ot s [o(B.) =Ty pooay = (55 )
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Fraction of J/¥ and Y decays via

original channels (also e’e”, u ).

At B — 1 015 Tesla Magneic field Quenching of ortho—Quarkonium decays

B
1.00 pr—-
° =
0% of Jy > e'em
decays are quenched  ox |\ Y (bb"
0.85 F _ ‘
(missing from ee~ spectrum) -
| N J/ (ec’)
075 '-.
* 12% of Y = ”+”— o0f e -
missing = quenched. T IEi[]J{-lLI;"' o Jimelm-" - 1.‘5}:'1(]"‘ - z.hnxlnﬁul.]

Fraction of J /¥ and T particles decaying to (I717)

*Static magnetic field is assumed.




Magnetic Field Influence
on dilepton spectrum from J/"¥

Jly in Magnetic field B=10"T o =i o
= RMS 0.0625
1= pure J/y — e'e’
081 missing J/y (m_=0)

- n— e'e decay
0.6 — . + .

- |— resultinge e
0.4—
0.2—

O ——eTmRr
02—

[ AR AN RN T N (N T TN S NN SR S R N S SR

24 26 28 3 32 gev

* Resulting e*e™ Peak(J/¥) has its Mass shifted down + little bump ( 77,.).




MESON MULTIPLETS

( mixing in magnetic fields)

n'(958) = <5 = @ (1019)

Hiag =0 | Lgg | >0
’D_hr ﬂ po D,:-l_

! mixing of states i




$(1020) CONNECTION ? 7'(958)

| 99% ss']

IS opposite to

JW & n,
Y < n,

(

(

ortho-para state mixing [66% ss']

E =V] Phi(1020) mezon and Eta’'(938) in Magnetic Field

1040 i @ {1.0}

- $(1020)
1400 -

${L.+1} ¢ {1.-1}

1000 F
oa0 [

assuming 7n'1s 100% (ss')

060 |-

240 1'(958) T«

1 " " 1 " 1 1 1 " " " 1 " " " 1 " " 1
o 2% 1014 431014 5 % 1014 831014 B [Tasla)

b codtfmlc 1 cr=900fme |1 MIXING happens:

D: T=4.3MeV 1': T=199 keV

—>1 ' starts decaying e*e”

—> [ ' increase (bump of e*e")




2980

bid CONCLUSIONE 'vweiq
1) Heavy Quarkonium <—> Positronium

- mixing of 1), ¢ J/\¥ states in static B =[5+10"* Tesla]
N, © Y (210" Tesla is required )

—> reduced lifetime of J/\¥ ’ T (9460) (decay — 2 gluons)
—> missing pu, ete” (J/¥, Y, max 30%): QGP signal affected

—> direct § — e*e™ possible (small e*e~ bumps below J/¥ or Y)

2) Sensitive to Magnetic field duration in HIC

—> parton plasma gives longer [B] lifetime

3) Mixingof 7' <> @ , N <> ® , T’ <> P°possible
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