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The J /psi GIM

Discovery and Properties

Production

@ Richterete™ — ¢
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The J /psi GIM

Discovery and Properties

Production

@ Richterete™ — ¢
@ Ting: pp ~ uylg — J

@ e'e: hit the resonance
(R ~ Ncg? helps)

@ pp: find a needle (ete™) in
a haystack (QCD)
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3 e @ =S, (by production)

Production
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The J /psi GIM

Discovery and Properties

e e @ =S, (by production)
et et
Decay

@ J/p —ete

Production _
———— @ J/i— utp
° R_'C tereve” — ¢ @ hadronic decays: vector
@ Ting: pp ~ uyls —J mesons (yv* — p = ul)
@ gluons

@ e'e: hit the resonance
(R ~ Ncg? helps)

@ pp: find a needle (ete™) in
a haystack (QCD)

Dirk Zerwas Particle Physics: The Standard Model

@ No charmed mesons
possible!




The J /psi GIM

Discovery and Properties

30 GeV protons on fixed Target ete” SLAC SPEAR LAB=CM
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The J /psi

GIM
Discovery and Properties

[ = 93.4keV = 0.093-103GeV
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The J /psi GIM

Discovery and Properties

[ = 93.4keV = 0.093-103GeV

Measure invariant mass:

m(ete™) = my
rexp = 4/ r2 -+ O'gxp
ree ~ 5keV

~
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The J /psi GIM

Discovery and Properties

[ = 93.4keV = 0.093-103GeV

Measure invariant mass:

m(ete™) = my
[exp = A/ r2+ ngp
ree ~ 5keV

@ dominated by cexp

~
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The J /psi GIM

Discovery and Properties

[ = 93.4keV = 0.093-103GeV

Measure invariant mass:

m(ete™) = my
[exp = A/ r2+ ngp
ree ~ 5keV

@ dominated by cexp

@ need to know oeyp at per
mil!
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The J /psi

[ = 93.4keV = 0.093-103GeV

Measure invariant mass:

m(ete™) = my
rexp = 4/ r2 -+ O'gxp
ree ~ 5keV

@ dominated by cexp

@ need to know oeyp at per
mil!

~

GIM
Discovery and Properties

Width via lifetime?

J /4 lifetime shorter than for
charmed mesons: EM decay

ByCT
= fBychr—t
= 1.-v-0.2GeV -fm
-(0.093 - 10~3GeV )t
~ v-2-10%m

NO WAY to get v (boost) high
enough
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The J /psi GIM

Discovery and Properties

Cross section measurement

@ Describe the resonance
with a Breit-Wigner:
on-shell particle with
lifetime (looks like a
propagator)
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The J /psi GIM

Discovery and Properties

T

Cross section measurement

@ Describe the resonance
with a Breit-Wigner:
on-shell particle with
lifetime (looks like a
propagator)
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The J /psi GIM

Discovery and Properties

T

Cross section measurement

@ Describe the resonance
with a Breit-Wigner:
on-shell particle with
lifetime (looks like a
propagator)

@ decay to final state X

Dirk Zerwas Particle Physics: The Standard Model



The J /psi GIM

Discovery and Properties

Cross section measurement

@ Describe the resonance
with a Breit-Wigner:
on-shell particle with
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@ decay to final state X

Dirk Zerwas Particle Physics: The Standard Model



The J /psi GIM

Discovery and Properties

Cross section measurement

@ Describe the resonance
with a Breit-Wigner:
on-shell particle with
lifetime (looks like a
propagator)

@ decay to final state X

@ decay to initial state (t
inverted)
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The J /psi GIM

Discovery and Properties

~ T
g eel (s—mﬁ/w)z—&-mﬁ/wrz

Cross section measurement

@ Describe the resonance
with a Breit-Wigner:
on-shell particle with
lifetime (looks like a
propagator)

@ decay to final state X

@ decay to initial state (t
inverted)
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The J /psi GIM

Discovery and Properties

~ T
g eel (s—mﬁ/w)z—&-mﬁ/wrz

Cross section measurement

@ Describe the resonance
with a Breit-Wigner:
on-shell particle with
lifetime (looks like a
propagator)

@ decay to final state X

@ decay to initial state (t
inverted)
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The J /psi GIM

Discovery and Properties

~ T
g eel (s—mﬁ/w)z—&-mﬁ/wrz

~ TeeB(J/psi — X)

Cross section measurement

@ Describe the resonance
with a Breit-Wigner:
on-shell particle with
lifetime (looks like a
propagator)

@ decay to final state X

@ decay to initial state (t
inverted)
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The J /psi GIM

Discovery and Properties

o ~ FeJx (S_mg/w)z_,'_mi/wrz

~ TeeB(J/psi — X)

o valid only on the

@ Describe the resonance resonance, i.e. v/s = mjy,
with a Breit-Wigner:
on-shell particle with
lifetime (looks like a
propagator)

@ decay to final state X

@ decay to initial state (t
inverted)
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The J /psi GIM

Discovery and Properties

~ T
g eel (s—mﬁ/w)z—&-mﬁ/wrz

~ TeeB(J/psi — X)

Cross section measurement @ valid only on the

@ Describe the resonance resonance, i.e. v/s = mjy,
with a Breit-Wigner: @ cross section = counting
on-shell particle with experiment A ~ 1/v/N
lifetime (looks like a
propagator)

@ decay to final state X

@ decay to initial state (t
inverted)
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The J /psi GIM

Discovery and Properties

~ T
g eel (s—mﬁ/w)z—&-mﬁ/wrz

~ TeeB(J/psi — X)

Cross section measurement @ valid only on the

@ Describe the resonance resonance, i.e. v/s = mjy,
with a Breit-Wigner: @ cross section = counting
on-shell particle with experiment A ~ 1/v/N
lifetime (looks like a ° B(J/y — ee) =T7%
propagator)

@ decay to final state X

@ decay to initial state (t
inverted)
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The J /psi

GIM
Discovery and Properties

r
Oee 7~ ree?ee

r
Oup ~ Teet*

r
Ohad "~ ree%
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The J /psi

GIM
Discovery and Properties

Hypothesis: completeness!

leetTyp+Thaa = T

Dirk Zerwas Particle Physics: The Standard Model



The J /psi

GIM
Discovery and Properties

Hypothesis: completeness!

leetTyp+Thaa = T
12
Ocet+ Opy + Ohad = mz/7r lee
I/

Dirk Zerwas Particle Physics: The Standard Model



The J /psi

GIM
Discovery and Properties

Hypothesis: completeness!

leetTyp+Thaa = T
12
Ocet+ Opy + Ohad = mz/7r lee
I/

3 measurements 3 unkowns
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The J /psi

GIM
Discovery and Properties

Hypothesis: completeness!

leetTyp+Thaa = T
12
Ocet+ Opy + Ohad = mz/7r lee
I/

3 measurements 3 unkowns
Measure the cross sections to

o ~ Teelee

ee eer 1%:

o ~ [ et

17 eerr Aree _ \/§'1%

Ohad ~ [ee ~ 1.7%
~ 0.1keV

Dirk Zerwas Particle Physics: The Standard Model



The J /psi GIM

Discovery and Properties

J /4 to quarks and leptons

EM interactions (v*)

I (J/¢y—had)
rJ/y—ete)

= Nc> ¢?
= 3-[(32+ (3 +(3)
= 2

This means:

-
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The J /psi GIM

Discovery and Properties

J /4 to quarks and leptons

EM interactions (v*)

I (J/¢y—had)
rJ/y—ete)

= NcY qg?
= 337+ (3’ + ()
= 2

This means:

= Tggg+Teet luu+ Mhad

-
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The J /psi GIM

Discovery and Properties

J /4 to quarks and leptons

EM interactions (v*)

I (J/¢y—had)
rJ/y—ete)

= NcY qg?
= 337+ (3’ + ()
= 2

This means:

= Tggg+Teet luu+ Mhad
= rggg + I_ee‘|‘ ree+ 2ree

-
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The J /psi GIM

Discovery and Properties

J /4 to quarks and leptons

EM interactions (v*)

I (J/¢y—had)
rJ/y—ete)

= NcY qg?
= 3132+ () + ()
= 2
This means:
= Tggg+Teet luu+ Mhad
= rggg + I_ee‘|‘ ree+ 2ree
= Tlggg +4Tee
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The J /psi GIM

Discovery and Properties

J /4 to quarks and leptons

EM interactions (v*) Landau-Yang: Spin-1 cannot

decay to 2 massless spin-1
r(J/y—had)
rJ/y—ete)

160
= NeXof r(3/¢ — ggg) ~ ﬁ(ﬂz—g)ag
= 3 [5*+(3)?+ (37
= 2
This means:
M= rggg + ree+ ruu + rhad
= Iggg + leet Neet+ 2lee
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The J /psi

GIM
Discovery and Properties

J /4 to quarks and leptons J/v¥ — ggg

EM interactions (v*)

I (J/¢y—had)
rJ/y—ete)

= NcY qg?
= 337+ (3’ + ()
= 2

This means:

[ = Tggg + leet Iy =+ Thad
= rggg + I_ee‘|‘ ree+ 2ree
= Tlggg +4Tee

-

Dirk Zerwas

Landau-Yang: Spin-1 cannot
decay to 2 massless spin-1

160
r(J/v — g9g) ~ ﬁ(ﬂz—g)@g

Iggg 1—4Bee 0
ee Bee (Bee =7 A})

10(n2—-9)a?
81ma2q?

Oés(C_) =0.19
RLUJN
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Fa

DIS with neutrinos Cross Section

DIS

@ electrons/muons
point-like probe

e target with structure

@ EM interaction Q?

@ non-fixed target possible
@ neutrinos
point-like probe
target with structure
Weak interaction Q2
non-fixed target
impossible

©

©

e ¢ ¢

Dirk Zerwas Particle Physics: The Standard Model



Fa

DIS with neutrinos Cross Section

DIS

@ electrons/muons @ vy, Uy

point-like probe produce pions with protons
e target with structure

@ EM interaction Q?

@ non-fixed target possible

©

)
@ pions decay to v, i
@ sign of y defines

@ neutrinos (anti-)particle
@ point-like probe @ CC: detect the muon (low
@ target with structure background)
@ Weak interaction Q2 . u
@ non-fixed target

impossible
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DIS with neutrinos

2
Cross Section
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Fa
Cross Section

DIS with neutrinos
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Fa

DIS with neutrinos )
Cross Section

forbidden: v, +u— u~d
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Fa

DIS with neutrinos )
Cross Section

forbidden: v, +u— u~d

+. o G
7_>W 'Q2—>27r\/§
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DIS with neutrinos )
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Fa

DIS with neutrinos )
Cross Section

forbidden: v, +u— u~d

+. o G
7_>W 'Q2—>27r\/§
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Fa

DIS with neutrinos )
Cross Section

forbidden: v, +u— p~d forbidden: 7, +d — ptu
+. «a G
ToWR G
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Fa

DIS with neutrinos )
Cross Section

forbidden: v, +u— p~d forbidden: 7, +d — ptu
v WE S — 27:3—\5 v, and i, probe different
partons....
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) / Fp
DIS with neutrinos Cross Section

Bjorken approach

_ E-F’
- M

v

2 2 v,v : v, U
2o = %E’Z_[Zwl( )(v,Q2)sin? $+ Wz( )(v,Q?) cos? g
FW)(1.Q?)sin” §]

@ W3: no conserved current in EW interactions (QED!)

o c
o oal
o Qi

d
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) / Fp
DIS with neutrinos Cross Section

Bjorken approach

_ E—F’
V="wm

2 2 v,v : v, U
2o = %E’Z_[Zwl( )(v,Q?) sin? $+ Wz( )(v,Q?) cos? g
FW)(1.Q?)sin” §]

@ W3: no conserved current in EW interactions (QED!)

relationship with QPM (F, = xF,)
2MWY — F7 = 2fy(x) + 2f3(x)
2MWy — kY = 2fy(x) + 2fy(x)
YWY — FY = —2fy(x) + 2f3(x)
vW7 — k7 = —2f4(x) + 2fy(x)
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Fa
Cross Section

Predict: F3N and F{N

@ nucleon Nprotons = Nneutrons, Nsea = 0

DIS with neutrinos

p n
u d

F&N = 3(R°+F5") F3~

>
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Fa
Cross Section

Predict: F3N and F{N

@ nucleon Nprotons = Nneutrons, Nsea = 0
@ EM interaction

DIS with neutrinos

p n
u d

F&N = 3(R°+F5") F3~

>
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Fa
Cross Section

Predict: F3N and F{N

@ nucleon Nprotons = Nneutrons, Nsea = 0
@ EM interaction

DIS with neutrinos

p n
u d

F&N = 3(R°+F5") F3~

= Ix(30 + &5 + &0 + L)

>
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Fa
Cross Section

Predict: F3N and F{N

@ nucleon Nprotons = Nneutrons, Nsea = 0
@ EM interaction
@ Strong Isospin: f = f]

DIS with neutrinos

F&N = 3(R°+F5") F3~

= Ix(30 + &5 + &0 + L)

>
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Fa
Cross Section

Predict: F3N and F{N

@ nucleon Nprotons = Nneutrons, Nsea = 0
@ EM interaction
@ Strong Isospin: f = f]

DIS with neutrinos

~—~~

PN = B(FSP RS PN
(358 + TR+ 410+ 310)

x (58 + 5f%)

I
Nl NP N
X

>
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Fa
Cross Section

Predict: F3N and F{N

@ nucleon Nprotons = Nneutrons, Nsea = 0
@ EM interaction
@ Strong Isospin: f = f]

DIS with neutrinos

FeN _ %(erp—l-ern) FéjN
= Ix(3fE + 3§ + 30 + 3D
= X(5% + 519

= x(ff + 1)

>
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Fa
Cross Section

Predict: F3N and F{N

@ nucleon Nprotons = Nneutrons, Nsea = 0
@ EM interaction

@ Strong Isospin: f = f]

@ Ansatz neutrino scattering

DIS with neutrinos

FeN _ %(erp—l-ern) FéjN
= Ix(3fE + 3§ + 30 + 3D
= X(5% + 519

= x(ff + 1)

>
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Fa
Cross Section

Predict: F3N and F{N

@ nucleon Nprotons = Nneutrons, Nsea = 0
@ EM interaction

@ Strong Isospin: f = f]

@ Ansatz neutrino scattering

DIS with neutrinos

PV = 3R +FST) N = R+ R
= Ix(30 + 35 + &0 + L)
= 3x(3f8 + 3fY)

= 2x(f§ +1§)

>
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Fa
Cross Section

Predict: F3N and F{N

@ nucleon Nprotons = Nneutrons, Nsea = 0
@ EM interaction

DIS with neutrinos

@ Strong Isospin: f = f]
@ Ansatz neutrino scattering
@ Strong Isospin

FSV = 3P +FST) PN = LR R
= Ix(30 + 35 + &0 + L)
= 3x(3f8 + 3fY)

= 2x(f§ +1§)

o
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Fa
Cross Section

Predict: F3N and F{N

@ nucleon Nprotons = Nneutrons, Nsea = 0
@ EM interaction

@ Strong Isospin: f = f]

@ Ansatz neutrino scattering

@ Strong Isospin

DIS with neutrinos

FN = J(FS"+FSY) RN = (PP +F3)
S R R R v B Ve )
— Ly (3P + 519)

= x(ff + 1)

o
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Fa
Cross Section

Predict: F3N and F{N

@ nucleon Nprotons = Nneutrons, Nsea = 0
@ EM interaction

@ Strong Isospin: f = f]

@ Ansatz neutrino scattering

@ Strong Isospin

DIS with neutrinos

P = PR PN = B(RP+EgY)
= XG0 + 513 + 5+ ofd) = x(2g +21)
= xR + 5%) = x(i§ +1)

= x(ff + 1)

o
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DIS with neutrinos

2
Cross Section

Prediction

o Elastic events
— 3.6 F*(x), SLAC

i * Al events, E = 1-11Gev

-=--With Fermi smearing and
measurement errors

!
* #{ﬁﬁﬂ} §+++4’+

02 0% 06 08 ]
x'= g (2My + M?) —

he Standard Model



Fa

DIS with neutrinos Cross Section

Prediction

14 + Al events, E = 1-11GeV
. ” N L s Prediction from
1 . T eksarement arorg 2 electron DIS
e J QPM-scaled agrees
° H with neutrino-DIS
o N measurement!
o¢+ _.\;\
o #{ﬁ#ﬁw”k«%‘*‘hk_a_ﬂw

02 04 06 08
x'= g (2My + M?) —
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) / Fp
DIS with neutrinos S STET

Neutrinos:

VML - N — d — o —
J, = 0: isotropic -isotropic
Y i e . u —> . -—
J; = 1: non-isotropic isotropic

Reminder

1 — v5: left-particle, right-anti-particle
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) / Fp
DIS with neutrinos S STET

Neutrinos: Anti-Neutrinos:

I/uL -— e — d DML — e — u
J, = 0: isotropic J; = 1: non-isotropic

Vo - . - U ljm_ —> . - a
J; = 1: non-isotropic J, = 0: isotropic

Reminder
1 — v5: left-particle, right-anti-particle
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) / Fo
DIS with neutrinos S STET

oy, +Fe —pu+X

Differential cross section

ge8 — GIME [y (f, +fg) + x(fg+ fg)(L — ¥)?]
Qo = SMEl(fy+f)(1—y)2 +x(fa+ )]
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) / Fo
DIS with neutrinos S STET

oy, +Fe —pu+X
@ Np =~ Np: isoscalar target

Differential cross section

ge8 — GIME [y (f, +fg) + x(fg+ fg)(L — ¥)?]
Qo = SMEl(fy+f)(1—y)2 +x(fa+ )]
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) / Fo
DIS with neutrinos S STET

oy, +Fe —pu+X
@ Np =~ Np: isoscalar target
@ M: target mass

Differential cross section

ge8 — GIME [y (f, +fg) + x(fg+ fg)(L — ¥)?]
Qo = SMEl(fy+f)(1—y)2 +x(fa+ )]
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) / Fo
DIS with neutrinos S STET

oy, +Fe —pu+X

@ Np =~ Np: isoscalar target
@ M: target mass

o y[0,1] = Rt = &F

Differential cross section

ge8 — GIME [y (f, +fg) + x(fg+ fg)(L — ¥)?]
Qo = SMEl(fy+f)(1—y)2 +x(fa+ )]
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) / Fp
DIS with neutrinos S STET

oy, +Fe —pu+X

@ N, ~ Np: isoscalar target

@ M: target mass

o y[0,1] =B =EF

@ EM Q* from ~-propagator replaced by W+ propagator —
const.

Differential cross section

got — GPME [ (f, 4 fg) + X (fg+ Tg) (L — ¥)?]

™

0078 = GIME Iy (fy 4 fa) (1 — y)? + X(fs + f3)]

T
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) . Fp
DIS with neutrinos s S

oy, +Fe —pu+X

@ N, ~ Np: isoscalar target

@ M: target mass

o y[0,1] =B =EF

@ EM Q* from ~-propagator replaced by W+ propagator —
const.

@ isotropic and non-isotropic initial state encoded iny ~ q

Differential cross section
vN 2
oy = SEX(fu+fa) + x(fa+ fa)(1 - )2

™

0078 = GIME Iy (fy 4 fa) (1 — y)? + X(fs + f3)]

T
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. ! F2
DIS with neutrinos Cross Section

] integrate over X :

<g>= fo (fu + fa), i
<q> fo fu+fd) o8l ﬁéi %§
%o.s- %ﬂ§% §§
35 I ]
.g 0.4} iiiiii i P J
O.l/N — GZ%[<q>+<q>%]%‘ L i ;; 1
o2r
oN = ‘32%[<q>%+<c‘1>] I .
° [e] 4‘0 BlO séo lKGO 2:')0 240
ENERGY (GeV)
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) / Fo
DIS with neutrinos S STET

] integrate over X :

<q>= fo (fu +fa), T

< >= fy x(fa+fg) ﬁgﬁ
o integrate over y: 3 | EEEE ﬁ !

Jo@-y)?=3 i ]
oN  — Gﬁ%[<q>+<q>%]§m: RS A
oN = GMEIgq> 1y -l .7

o 40 80 120 160 200 240
ENERGY (GeV)
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) . Fp
DIS with neutrinos s S

] integrate over X :

<g>= fo X (fu + fa), i
<Qg>= fo (fa+1f3) o8r §§§%§
@ integrate over y: s | g % ﬁ 14
1 gost
fO (1 - y)Z -3 B 1
@ calculate ratio for valence F oal gt 1 ]
oN = SMElcg>+<g>i] ¢ b il ]
o2r
oN = GMEIgq> 1y I .
° o 4‘0 BlO séo lKGO 22)0 240
ENERGY (GeV)
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) . Fp
DIS with neutrinos s S

] integrate over X :

<g>= fo X (fu + fa), i
<Qg>= fo (fa+1f3) 0’8: §§§§%§
@ integrate over y: : . %ﬂﬁ% ﬁ :
1 o6
fO (1 - y)Z -3 B 1
@ calculate ratio for valence F oal gt 1 ]
oN = SMElcg>+<g>i] ¢ b il ]
o2r
oN = GMEIgq> 1y I .
oN ~ 3 ° o 40 elo séo |éo 22)0 240
oN ™ ENERGY (GeV)
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. ! F2
DIS with neutrinos Cross Section

] integrate over X :

<g>= fo X (fu + fa), i
<Qg>= fo fu—l-fd) o8l §§§%§
@ integrate over y: s | g % ﬁ 14
Jo@ -y =3 o <
° calculat? ratio for valence -’2:30_4— gy 1T ]
oN = G%[<q>+<ﬁ>%]\:02: Pt |
oN = GMEg51icgs] | .
g:z ~ 3 s E;OENE?& (Gelé? 200 240
Scaling
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) . Fp
DIS with neutrinos s S

] integrate over X :

<g>= fo X (fu + fa), i
<q> fo fu+fd) o8l §§§%§
@ integrate over y: s | g % ﬁ 14
Jo@ -y =3 o <
° calculat? ratio for valence -’2:30_4— gy 1T |
N — G%[<q>+<q>%]\:oz: PP ]
o™ = (32%[<q>%+<(j>] B .7
w3 Co e m e me w0
Scaling

Scaling ok, Ratio~ 2, — sea
and gluons count
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DIS with neutrinos b

Cross Section

Unifying EM and EW

@ CC (W%):
HERA ] e — g + X

— E T L e
T E
[} r # H1le'p NC (prel.) O\
g 10? A Hlep NC (prel) @ NC (,772 )
S E o ZEUS e'p NC 06-07 (prel.)
o o ZEUS ep NC 05-06 ep — e+ X
o E —— SMe’p NC (HERAPDF 1.0) _4
!t; 101 —— SM e NC (HERAPDF 1.0) @ EM Q
° E
B . .
i ey @ Fermi (flat) until
E 2
F m
108  * Hie'pCC(prel) W=
; A HlepCC (prel) 2 2
L- = ZEUSe'p CCO06-07 o at Q - mWi
E - meeccu unification
105 SM e'p CC (HERAPDF 1.0)
E SM ep CC (HERAPDF 1.0)
E y <09
E P.=0
107= Ll | n
10° o, R
Q° [GeV]
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DIS with neutrinos

Cross Section

Unifying EM and EW

@ CC (W%):
HERA e — g + X

e ) ] @ NC (v,2°):
e —e+X

ZEUS ¢'p NC 06-07 (prel.)
—— SMe’p NC (HERAPDF 1.0) 4
—— SMep NC (HERAPDF 1.0) @ EM Q

o> %

o ZEUS ep NC 05-06

@ Fermi (flat) until
2

* Hle'p CC (prel.) ij:
A HlepCC (prel) 2 2
= ZEUSe'p CC 06-07 ° at Q - mwi
e ZEUS ep CC 04-06 uniﬁcation

SM e'p CC (HERAPDF 1.0)

SM ep CC (HERAPDF 1.0) A” |S We”?

y <09
P.=0
| I I

10°

i

Q*[GeV]
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Experimental Approach

@ Baryon number: OK Polarize proton and measure
@ Charge: OK asymmetry.
@ Momentum: 50% gluons 11 I
g — 0
OK A=
] O—Tl -+ 0’”
@ Spin?

< Probe: Polarized muon from
pion decay (remember parity
violation)

91=§ZQi (NI'—NT)
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Spin Crisis

x I
2_ 2
mc; 014 1 Ef Q=5 GeV 4 NS
— T E 1 . * n
018 - ELLIS-JAFFE sum rule o xg o0 o1l i 1 11 . d
sl x /g¢ (xidx iii* if e p
3 I
01f =3 TL -
« ot
2 I
z 008 o
~ of
006F _
ok
ooal ¥ FEE & o5 . -
.. N
002f "L
..
X =,
0 — 5w Kok ol
T E T
oo _ p3E R
I oz
@ roughly 30% ??7?? H
EY
10 1

@ difficult integration

@ HERMES (HERA)
confirms!
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m

Aglg

951 & comp o ooy @ Low Q2
® Compass (Q° <1 GeV?) 9 o
04 0 sve @ consistent picture
(Problem Solving)
. 2.
U’M\ o ngh Q .
S B @ quark spin insufficient
@ gluon spin not sufficient
0.4 . .
@ the solution today is
o1 e unknown
————— BB-09
08 2 Ty
10 10 1
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