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Predicted behavior for p*° [B]

Chernodub: Physical Review D82 (2010) p.085011
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« p*(770) and p? behave differently in external magnetic field



PHYSICAL REVIEW D 82, 085011 (2010)

Superconductivity of QCD vacuum in strong magnetic field
M. N. Chernodub"*

We show that in a sufficiently strong magnetic field the QCD vacuum may undergo a transition to a new
phase where charged p~ mesons are condensed.

Main idea: 1) m. (B.,) = m’. +

* Energy of n=0 Landau level of charged =: AF; = eB/Qm

2) for J > 0 particles: K*, D¥*, A*,p E=-u.B

E[B} — \/mQ —|—p§ —|—BB(1 — 283)
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Landau energy of Kaon & Pion in [B]

J=0 and w=0
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« K energy increases less than ™ due to mass: Mg > M,..



P* meson Energy levels (s, =+1,0,-1) in [B]
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« Energy of p*(770) in [B] depends on spin projection +1, 0, -1



PV and P* meson decay influenced by [B]

| E [MeV] P
y Landau energy level [ B ] increases
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« Energy of p*(770) [B] , mass(7t*) modified: p—>ms influenced



Magnetic field effect on p° decay

p(770) DECAY MODES Fraction (I;/I) Confidence level (MeV/c)
L ~ 100 % 363
7070 —» 0%  C - parity + isospin conservation
0
p(770)" decays
Ty ( 9.9 £1.6 ) x 10—3 362
w0~y ( 6.0 +0.8 ) x 104 376
n-y ( 3.00+0.21 ) x 104 194
070~ ( 45 +0.8 ) x 10~ 363
ut (k] ( 4.55-40.28 ) x 1072 373
et e™ (k] ( 4.7140.05 ) x 1072 388
at o~ a0 ( 1.0172-2%+0.34) x 1074 323
rtTa T ( 1.8 +0.9 ) x 1072 251
at o~ n0x0 < 4 x 1075 CL=90% 257

« 0’= n*+n~ phase space decreases in the Magnetic field.



Magnetic field effect on p° decay

p(770) DECAY MODES Fraction (I;/I) Confidence level (MeV/c)
ol - ~—100—%— 363
070 —» 0%  C - parity + isospin conservation
0
p(770)" decays
Ty ( 9.9 £1.6 ) x 10—3 362
w0~y ( 6.0 +0.8 ) x 104 376
n-y ( 3.00+0.21 ) x 104 194
070~ ( 45 +0.8 ) x 10~ 363
ut (k] ( 4.55-40.28 ) x 1072 373
et e™ (k] ( 4.7140.05 ) x 1072 388
at o~ a0 ( 1.0172-2%+0.34) x 1074 323
rtTa T ( 1.8 +0.9 ) x 1072 251
at o~ n0x0 < 4 x 1075 CL=90% 257

.« 0o’ = n*+x~ phase space decreases — closed: B>2.10"™T



Magnetic field effect on p° decays

p(770) DECAY MODES

Fraction (I';/T)

Confidence level (MeV/c)

frr+ Ll

ol ~—106-% 363
7070 0 %
0
p(770)" decays
e : 16 St 362
w0~y ( 6.0 +0.8 ) x 104 376
n-y ( 3.00+0.21 ) x 104 194
070~ ( 45 +0.8 ) x 10~ 363
ut (k] ( 4.55-40.28 ) x 1072 373
et e™ (k] ( 4.7140.05 ) x 1072 388
—. 0 0.54 _

ol (1017537 034y 104 323
ol (1.8 +09 ) %10=2 251
ata— 7040 < 4 % 10— CL=90% 257

- p’= x*+x phase space decreases — closed: B=2-10""T



Magnetic field effect on p° decays

p(770) DECAY MODES

Fraction (I';/T)

Confidence level (MeV/c)

frr+ Ll

ol ~—166-% 363
7070 0 %
0
p(770)" decays
e : 16 St 362
w0~y ( 6.0 +0.8 ) x 104 376
n-y ( 3.00+0.21 ) x 104 194
070~ ( 45 +0.8 ) x 10~ 363
T . k 4.55+0.28 x 1072 373
’”’+ “ | dileptons ko ) 5
et e (k] ( 4.71+0.05 ) x 10 388
—. 0 0.54 _
ol (1017537 034y 104 323
ol (1.8 +09 ) %10=2 251
ata— 7040 < 4 % 10— CL=90% 257

- p’= x*+x phase space decreases — closed: B=2-10""T



Magnetic field effect on p° decays

p(770) DECAY MODES Fraction (I;/I) Confidence level (MeV/c)
-l - ~—166-% 363
7070 0 %
0
p(770)" decays
e : 16 St 362
w0~y ( 6.0 +0.8 ) x 104 376
Yy photons ( 3.00+0.21 ) x 10~4 194
070~ ( 45 +0.8 ) x 10~ 363
ut (k] ( 4.55-40.28 ) x 1072 373
et e™ (k] ( 4.7140.05 ) x 1072 388
—. 0 0.54 _

ol (1017537 034y 104 323
ol (1.8 +09 ) %10=2 251
at = 7070 < 4 %102 CL=00% 257

- p’= x*+x phase space decreases — closed: B=2-10""T



Summary I

1) O(770) decay is modified in B~ 10> T

- Phys.Rev.D82: 0 — mn (closed) in B =[2+10"°T]
(2010) p.085011 T =1.2 fm/c

=> excess of photons and dilepton pairs
may be generated in HIC:

If P — ' decay is closed for some reason

2) case of K, K" — m*+K™ and A'(1520) ??



Magnetic field effect on K** decays

- E [MeV] _ BKO*_= Sl M
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- K™ = x*+K* phase space decreases—closed: B=1.5-10"T



Strong decays of neutral K™

0
K = K'r’

J=1" Ks[]

1 d
0 50:50
K - KL/S

Gluonic string breaking via qq (0**) pair creation...



Isospin violation: K** decays [B]
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900 = F R | )
| Ooranms — _______K,=1
- K" (892) 0%

800 |

700 |

56% |

B [T]

j. L L il i L 1 ] i L i :
5.0x10" 1.0 x 103 1.5x 10!

» due to phase space decrease K™ = n=+K*at B =10"T



K% reconstructzd Yield Depletion

1) K*0 “production” in Pb+Pb
A A A A

at T~=1-3 fm/c | o |Kod o K*O — K_Jt_ [66%]
example: 100 K* _ %0 0_0
K* (892) is produced B=10"T K _>K T [33%]
............... S PR A ) A
in B=0

2)if K¥— K*x* 1s [B] closed/suppressed

K*9(892) still decays via — K’+7°0 [100%] 7= 4 fm/c
=> 1n [B] field: changed branching ratio | and Lifetime

3) Later, in B=0 remaining kK* — K*#* reconstructed
s . , +
=> Yield is underestimated: assuming 66% for K¥*—= K+ &




Strong decays of charged K™

R

J=1" K*+ K*+ K*t

L=1
Isospin conservation

» Gluonic string breaking via qq (0**) pair creation...
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SUMMARY II
1) KO*(896) T=~4 fm/c = 5 +K*is sensitive to [B]

BR can be different than assumed (1sospin rule violated in [B])

— reconstructed yield in HIC can be underestimated

-+

2) K+*(892) T=~4 fm/c = a*+K" less sensitive [B]

= different yields of K" (ds) <= K" (us) in HIC ?

3) K** could be tensor-polarized in HIC



COMPARISON
Lifetime vs Critical Field

A°(1232)

— --- S

K "(892)
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A*(1520) in static B < 1013 T

(first-try result)
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50% decays A*— K-p* closed at B=5-10"4[T]




A*(1520) in static B < 1013 T

[MeV]
o — ANt - K _p
Landau level | p “spin Down +u-B
1550} = 6.7MeV _f__,,.-f-"”"f Landau level
- A*(1520) N -
| ey - A0
e M (K' p"') = 1432 MeV [22,5%] - K-p+T
o M(0wx)=1304MeV [10%]  sinup
‘ I‘,. B
135[}_— | — 20 +]t0

50% decays A*— K-p* closed at B=5-10"4[T]




Au+Au at RHIC 20062V /n

A*(1520) — K-+ Proton

=
=

observed in peripheral Au+Au
(yield decreases with centrality ?)

disappears in non-central

esonance/non-resonance
=
F =9

Quark Matter 2004

=
o0
|

STAR Preliminary
Js =200 GeV

AutAu
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Note: Magnetic field [B]
a) is maximal for non-cent

ral collisions

b) QGP medium keeps B field up to 5 fm/c



A*(1520)/A

A*¥(1520) at RHIC and SPS

L Gaudichet (for STAR) Jour. Phys. G Nucl. Part. Phys. 30 (2004) S549-S555.

01457 A*(1520) — K-+ Proton
0.12
— m NA49 p+p
0.1 _* STAR p+p
0-03 - | Thermal Model Prediction
0.06 7%

- NA49 |Pb+Pb
0.04} C T
0.02 i - better statistics needed... 4,3

. __ 1

_l | | | | | | | | | | | | | | ] ] | | [ ] [ [ I [ | [ | I | | | |
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K*(892) A*(1520) in B=10'5T

Nt —>K +
mﬂn_ A*( 1520) — Landau level
= Kpt
K*(892)
- S K
- 510%T 1.510"T
Y N, VS ——

K*— K+a affected in Pb+Pb/LHC, A*— K p*in Au+Au?




SUMMARY IIX
1) K”, A" affected by Magnetic Fields

=> reconstructed K’* yields may be underestimated
K**and K’* yields may differ more than expected

=> missing A* peak innon-central Aut+Au @ RHIC
to be clarified — Au+Au data available
waiting for LHC data — Pb+Pb, p+Pb

2) D and J/y ? too long lifetimes: >1000fin/c




COMPARISON
Lifetime vs Critical Field

A°(1232)
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5’ baryon in field B — 105T

iy us- = 0.65 uy
1630 -
TE‘n‘*‘
AE =39 MeV
Landau level Energy _—

1600 |- ‘E'n*---
- :'0* MEO*=0.62MN
19301 = 3232 T
1500 -

B i-"l"' ] :______;___;___;___;__,__._.—_zt - -------------------------------------------- MEU = I'ZSMN

1450 —_E———_—_—_—_—_—_—:—————————————;— ————————————————————————————————
- T AE =79 MeV
: _______——————450;10__ o
1400 |-
410MT 1
Y 10787
\ : : ! s . : , : : s I - : - ' - . ' ' B(T]
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Z% baryon (s's'u") decays

— o T Wl — — aIall 1 1 ~ 10
=0 _, =+ [:f}fl%} =0 _, =00 (M%) Radiative decay ~ 1%
(assumed here)

f 1Sospin conservation f 0 2 . 1 _, .
'—l%}_} §:|l—%}ﬂ—“+l}_ _:l_l}ﬂﬂ,ﬂ}

2' 2

66% =0+ (1532)

Clebsch-Gordan coefficients

E(1532)  gog.

in magnetic field B=4-10""T = isospin violation



B field evolution and p°, 49, K, A™ decays

/

B[T]
1%10%
sl \ 0°, A° decays: field B=10*T
L 1“'\
2r0Mr N\ K™ decays: field B=4-101 T
1% 10" %
A*in field B ~1-10° T
a0ty lifetime
5%10'2 - T~
| AO ] “""'-x.,ﬂ A*
B,(t,0) = I—ﬂe_é“z_%)B”(O)
v v U e
0 | | | 2 | | | 4 | | | 6 | ) | 10

If QGP keeps B(t) and resonances are created at t=0.



A’ baryon in field B — 10!5T

[BeV]
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1300 | K,x"’f
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2 "/ : - o o
1_t:u:3j ,f”f ) _fP.,. -
L f/{j MP=Z.8MN
I f/f”/
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AV— 7-p* width affected at B > 2-10"T (50% closed at 51014 T)




B field evolution and p°, 49, K, A™ decays
PRCS5 (2012) 044907, for Pb+Pb at LHC

B[T]
110"
S|\ p°, A° decays in field B>10T
\
N\ : 13
SRING K™ decays in field B > 4-103 T
1x10" h
5x 107 |- <1*10¥1.:*'%f'>'““'-------5
L0
P K
Ix10% lifetime
5x1012 [ <4*10'3 T>
1 A() .“______E.ﬁ A*
1 I v 1 i | I 1 1 v 1 1 I | 1 v 1 1
0 2 4 6 8 10

[fm/c]



Quarkonium < Leptonium

I Y(9460) @(1020)

by

AE =117 MeV

para-(cc) = 1], (2980) @ 3\
(JPC=0"") L)

(cc) (bb)

ortho-(cc) = Jhp
( JPC=1 -- )

3097

Decay: J/’lp — 39,Y99

* lifetimes: 2100fm/c (J=1) and

What happensin[B ] ?

n.— a9y

7fmic (J=0)

+ us. T
e TT

2015
ka,
AE=8*10%eV
6‘ 0.12ns
1022 keV

States of Quarkonium

Y and Jl'lp

correspond to Positronium




"PHYSICAL REVIEW VOLUME 98, NUMBER 6 JUNE 15, 1955
Static Magnetic Field Quenching of the Orthopositronium Decay

V. W. Hucenes, S. Marper, anp C, S, Wu
Columbia Universily, New York, New Vork

(e'e) (e'e?) N
para-Ps

| |
0.12ns 142ns

(1=0) YY =D YYY YYY

(mZ: 1909_1) v

In the presence of a magnetic field the M=41 YY Y
magnetic substates of orthopositronium are still pure

ortho-states, and will decay by the three quantum (J:l)
annihilation characteristic of orthopositronium decay.

On the other hand, the M =0 state of orthopositronium (mZ: O)
has a small admixture of para-state due to the inter-

quantum annihilation. The relative probabilities of
these two modes of decay depend of course, on the

action with the magnetic field, and hence can decay (
either by three-quantum annihilation or by two- X — 2 Pf e B / A Ehf

Max. = 33% decays yyy affected. Main parameter



Mixino

Positronium (e‘e”) discovered: 1951@MIT
10 ,
ortho-Ps = YYY (107's) para-Ps — Yy (10 S) EFLL
1955: Magnetic Quenching observed

' b - o - ;
T M Phys. Rev. 98 (1955) p.1840—| S0%6 Of *yyy decays
ST : : ~| in magnetic field ~ 1 Tesla o
or— + — 22 . 22
oef— to4 e decays disappear Ne Na
N A Ved
HKILOGAUSS) (replaced by YY)

fraction, f, of orthopositronium which decays by

three-q !a:n,nihilalion as function of magnetic field. I : | YYr ml= 4]
. . B 7 10ns

ortho-Positronium J=1: ->YYY - vy
F=| m=xi

[1.1) =11 [1,-1) =Ll m=21 _ 142ns |
_» 1L0)= (1 + M/V2 m =0 “"";OW e
0.12ns v
para-Positronium J=0: -> YY L N

—>[0,0) = (1} - |1)/v2 m=0



Bottomium (Y) and Positronium
superposition of ortho/para-states in B.

bb
1Tl

¥ =cos(a)Y +sin(a)n,

/]

(2.4%) e*e” ggg gg
In static field B=5*10" Tesla

[T1)

-

[ TLy+|LT)

V2
%%
[LT)

N

o

[TL-[LT)
Y, V2

¥t = cos(ax)¥, + sin(ax)¥P,

o

Y YY

in field B =1 Tesla



Magnetic Field Quenching: J/W decay

e Quark magnetic moments — behavior similar to Positronium

e Superposition of Quantum states J=0 and J=1, m,= 0 10°T
B _ B - (m_=0) [B]
=0 (c¢) J=1(cc) b =1 (cE) A
para-nc
I = 27MeV/’ ' r=93keV 1 e |
S8 |\ yeg |\ L'
g8 vog| (KK
) \
88
 DSPIN 2012 conf.: Phys.Part.Nucl. 45, p.7
X=1 ;J.Q‘B/ﬂEhf
e CPOD conference: PoS (CPOD 2013) 035.
AE,.= 116MeV

« Phys. Rev. D88 (2013) 105017

« Phys. Rev. Lett. 113 (2014) 172301.
ys. eV, e (2014) T=2100fm/c — 300 fm/c

e J/w lifetime in magnetic field decreases... but still too long
e



C-parity Quarkonium & Positronium
¥, = (1] - I)/v2 J=0, parity C=+1 — 2y, 4y
¥, = (1] + H)/\/ﬁ J:—16 parity C= -1 — 3y, 5y

Charmonium in Magnetic Field
E [MeV]

e In magnetic field = superposition:
3150} J/‘I’ {190}

4

Pt = cos(@)¥, +sin(a)¥, U | amu

¥, =cos(a)¥, —sin(a)¥, i

2050+

Superposition of C-parity eigenstates:  *. ... ... .. " ... =

1x 10" 2x 10" 3x 10" 4%x10%  B|[Tesla]

. We are effectively dealing here with the “charge con-
e Gell-Mann & A.Pais jugation quantum number” C, which is the eigenvalue of

the operator @, and which is rigorously conserved in the

1 . absence of external fields, If only an odd (even) number
aHOWGd In ext. ﬁeldS. of photons is present, we have C=—1(+1); if only

Phys.Rev.97(1955) p.1387: Behavior of Neutral Particles under Charge Conjugation




/)] K=m=—>
Quantum superpositions: 1,0} N w0
( in magnetic field ) J/W 1,03 <===3>Nc

1) a) [B] — W+ E.N BR(w— an)=15%
BR (J/y— n'n) = 1.47x107*
2)pBl—n+e.w win 7

CP violation in Hadronic state— affected by |B]

du to Mising MESON
~ n—m w is CP violating 2o 14
13t International Workshop
. on Meson Production,
SM predmts: BR(T]—> J'EJ'E) < 2%107% Properties and Interaction

29t May - 3« June 2014, Krakdw, Poland

~ »enhanced in [B] — Proceedings of MESON 2014, EPJ WoC 81, 05013.




MECHANISM
n. 1o influence CP violation ‘

Thp
in hadronic decays

JAp , @(1020) = st'” (BR=10™") < (Experimental Data)
(782) = 707 (BR =~ 10™) [ G-parity violation ]

M., N = 7w (BR=10""") <= Standard Model Prediction
[ CP-violation ]
Superposition of (J=1, m,= 0) and (J=0) mesons
(in Magnetic field) allows for ) (J=0)— & decay

— indirect CP violation (via mixing) |B]



Quarkonium < Leptonium

I Y(9460) @(1020)

(cc) (bE)

ortho-(cc) = Jhp \
(J7e=17) i %
AE =117 MeV

para-(cc) = 1], (2980) @ 3\
(JPC=0"") L)

Decay: J/\P — 39,Y99 nc — 99,7y

* lifetimes: 2100fm/c (J=1) and 7fm/c (J=0)

YWnat nappens in [ x5 | 7

+ us. T
e TT

2015
ka,
AE=8*10%eV
6‘ 0.12ns
1022 keV

States of Quarkonium

Y and Jl'lp

correspond to Positronium




STARK + ZEEMAN eftect in Ps

Perturbative analysis of simultaneous Stark and Zeeman effects
on n = l<>n =2 radiative transitions in positronium

C. D. Dermer
Physics Department, ngrence Livermore National Laboratory, Livermore, California 94550

The Stark Hamiltonian 3Cs couples 2°S and 2°P,
and 2'S and 2'P, states with Am=+1. The maxi-
mum Stark matrix elements for the n =2 state in

e},fy:3-21/2ea061/AEw

€,y = 2ug B /AE},'?,

effects. The Zeeman effect couples °S and 'S
states, and *P and 'P states. For any S state with



Charmonium & Positronium in “E”

+5+

O

Relative Energy (GHz)
|
® O

[
9}

+100 T
10,00 = (t4i= 41)/v2

—100 +

+7.645 3¢ |
vBess T
Lotry a2 %, (3556 MeV)
he 3(29525) 5 35 % (3511 MeV)
. -_‘ Xco (3414 MeV)
| 1(3639) '

-17.778

zgﬂ P(3096) L1 =11
, s 1L,0)= (N +41)/v2

1,-1) = 14

+91.16

-112.21 1150_:‘ nc(2981 )



Effect depends on AE (x, <Y )

Upsilon(1s) F
[MeV] — 9460.3 10023.3 10355.3
[MeV] [ =0.054 MeV [ = 0.032 MeV [ =0.020 MeV
9859.4 399.1 495.9
9892.8 432.5 462.5
9912.2 451.9 443 .1
(2p) AE AE AE
10232.5 Chi_0Ob 72.2 209.2
10255.4| Chi_1b 795.1 2321
10268.6| Chi_2b 808.3 245.3
AE AE AE
10530.0 1069.7 0506.7 174.7
10544.0 1083.7 920.7 . 188.7
10551.0 1090.7 027.7 195.7

(LHC 2012)

Y(2s),Y(3s) affected more than Y(1s)




CONCLUSIONS.
1) p(770), K*(892), A*(1520) inB=10>T

-> reduced widths, changed BR, isospin violation
KO* yields may be underestimated, K=" different ?

A” behavior should be understood (Au+Au & Pb+Pb)

o

2) Suppression of Y(2s,3s)in [ExB] fields
- due to Stark +Zeeman effect

enhanced e'e” , Yy yields (v2) if — wt'nt is closed

3) CP - violation in decay of 7] mesons
enhanced 7] — #'%~ due to Q.-mixing in B
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Magnetic moments for parallel spins:

Observe: spin 3/2 baryons  flezp Op [
()~ 1672 SSS -2.02 9% | -1.84 @
AT 1232 uuu 6.14 | (9%) | 5.56 @
AN 1232 uud 2.7 | (1%) | 2.73 @
=D Hg

charged open-flavor 1= 2.1

lg =

p- | KT | D | D | B 2m*  m* =1510
m [MeV] 770 392 | 2010 | 2112 | 5325 quark O 1ty [N
qq du us de SC bu 1 2/3 | 1.852
sy -2.82 | 246 | -1.37 | -1.02 | -1.92 d -1/3 | -0.972
Agrees with L-QCD: Lee et al. PoS (LATTICE 2007) 151. > -1/3 | -0.613
-> U.=-2us/3| c 2/3 | 0.404
-> U,= U9 b -1/3 | -0.066




Magnetic Field in Heavy Ion Collisions

LHC: B - 4 .1015T PHYSICAL REVIEW C 85, 044907 (2012)

+ X

RHIC: B =3.10"T

Present for a very short time

PHYSICAL REVIEW C 83, 054911 (2011)

5 :
b=10 fm

4l b=6 fm = « = |
b=2 fm seeres

3.

AuAu, VS, =200 GeV ]|

s
¥
o ]
L)
'''''

0 005 01 015 02 t[fmf]

FIG. 13. Impact parameter dependence of the
magnetic field Au 4+ Au collisions /sy y = 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 ions. |We argue that due to high electric conductivity of plasma, the magnetic field i1s 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 too
E;]H

0.1F Medium
001 H
0001 E Vacuum
;-\\H"k-\.\_\_\_h_
104 ¢ T
T _\_\_\_\_\_\___'_—‘——\_

Solar + Tokamak physics 55— t

QED plasma => able to stabilize decaying B field.



Isospin conservation in K* decays

K* > Kt~ (66.5%) K* — K°7° (33.3%)
K% K7t (66.5%) K - K%% (33.3%)
K* = K% (66.6%) K* = K1 (33.3%)

from Clebsch-Gordan coefficients: 2 — (/2x 1)

L \/71{ '?T|1 1}—]—\/7}{1 mrﬁu
E|*§,+§}_}+\/7 |1 Ly |1+1} \/71{1 lirr|1t:1
K|*713++§ \[K@ },_;.W|1+1} \[ 14 1ﬂ‘|1u
1 \/7K|3+2 s, 1}+\/7K1 — 1y Wﬁﬂ}

 there is penalty factor (Y2) whenever a0 is being created.

K,

bl X

l:.-ll—'
I.\.-



Isospin violation in D% decays

D*+ D* — D*z~ (0%), D™ — D°° (61.9%) D*0
D* — D~nt (0%), D* — D°7°  (61.9%)
D**— D°7*= (67.7%),  D*= — D*x° (30.7%),

« same Clebsch-Gordan coefficients 2 — (/2x 1)

* however. phase space is very restricted

D*Y — Dt~ is energetically forbidden

AM(D*® = a*+D*)= -2,2 MeV AM(D** = x°+D’) = +7.1 MeV
AM(D** = m*+D") = +5,85 MeV AM(D** = a’+D*) =+5.68 MeV
Compare to Kaon*: AM(K* = n+K) = 256 MeV

« Penalty factor ('2) again, if ®0 is created in D** decay.



ortho-Positronium (J=1) lifetime in [ExB]

J/'q’(mf +1,-1 )h

all three (m,) states affected
Phys.Rev. A7 (1973)

MEAN LIFETIME (nsec)

10

S.M.Curry [Stanford Univ.]

N S
0 i 2 3 3 5 6 7

MAGNETIC FIELD (kG)

Stark+Zeeman affect: Jap(m,= +1,-1, 0)
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