inclusive (in)elastic cross section
for Dirac particle with structure

general result : do / A(v, Q%) + B(v, Q%) tan® = be
: — =0 — v, v,
ds? Mott 2
procedure : « 2 independent “hadronic” 4-vectors P, q

* tensor basis (reflecting parity and time-reversal
invariance): b,=g", b,=g* g, b;=P*P",
b,=(P*q" + P'q") , bs=(P'q* — P¥q"),
b6—swp0 q°PP °©
« hadronic tensor W =Y. ¢ (g% P-q) b
- current conservation q, W = Wvg, =0
* linear system with c; undetermined (=0), c;=0
c, and c; dependent from ¢, and ¢,
« final result :

G

P -q
Pl — pi _ P-q "
2
20-Mar-13 q 1

P,LLPI/ ( M2 q2

WV
WH = (—g“” + qq—‘j) q° co(q?, P- q)—l— ) ca(q?, P-q)



(cont’ed)

* structure ¢, g° P° forbidden by parity invariance
e structure (P“q¥ — Pvq*) forbidden by time-reversal invariance
* hermiticity Ww = (W) = c¢,, real functions

Oc
OMott [WQ(V Q?) + 2W1 (v, Q%) tan? 2]

20-Mar-13



Summary

inclusive scattering off free Dirac particle with structure

inelastic
do 5 , 0,
/ dE'dO — OMott [WQ(V,Q ) -+ 2W1(V,Q ) tan E
elastic
do
dE'dQ — OMott KF12+’7'F22>
0 QQ
27 (F° F)? ta 2_e] 5 Y
+27 (F1 + F2)~ tan > <,/ 2M>
we' o (F2+7F2)s (,,_ ﬁ)
el 2 Q? v
P e B <V B W) pointlike elastic
d 0 N

/a — OMott (1—|-27 tan2—e) 5(,/_@_)

F1 — 1 dFE'dS? 2 3

2
F2 =0 WS 5<V_Q>
2M
Wfl T (1/ — 622)
20-Mar-13 oM 3



DIS regime

Q2 — 0
Q2
2P - q

fissato

LB —

Bjorken variable

TRF: v — ~ as much as Q?

since Q2=-v2+ 220 then
|| — < as much as Q?

frame dependent frame independent

20-Mar-13 4



Scaling

wsl & 0§ V_—QQ oJWE & 51— Q* =6(1L —zp) = Fr(zp)
2 2 2
el Q el Q Q _ _
W VAN - 2MW > 1 — = 1 — = 2F"
1 70 (V 57 [> 1 oM. ( ) h/) rpd(l —zp) 1(zB)

DIS regime: xg fixed, the response does not depend on Q? — scaling

Experimental observation of scaling

in DIS kinematics (i.e., Q%,v — « , x5 fixed) scattering can be represented
as the incoherent sum of elastic scatterings off pointlike spin 7z constituents
inside the target = origin of partons

N.B. Analogue of Rutherford experiment on scattering of o
particles off atoms

20-Mar-13 5
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Figure 4;2 Bjorken scaling: the structure function v, (a) plotted against w = 1/x for
different g2 values (Miller ez al 1972) (b) plotted against g for a single value of x = 0.25
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Nachtmann
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% . Q= 9GeV? 10F . EMC
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Figure 18.9 Data from the European Muon Collaboration (EMC) for the structure
function vWj*? (v, 0?) of the proton as a function of x = Q%/(2Mv) for various Q2
values. Exact Bjorken scale invariance would demand that the data points for the same
x but different @2 should lie on top of one another (a). Part (b) shows the ratio of the
neutron and proton structure functions W§'™(v, Q%) and W{?X(v, Q) (I=¢, 1) as a
function of x. The shaded band represents the SLAC data obtained from electron
scattering in the interval 2 < @% < 20 GeV2. The points correspond to preliminary
EMC data from muon scattering in the interval 10 < Q* < 80 GeV? (after Drees 1983
and Dydak 1983).



The Quark Parton Model (QPM)

partons

target =
{ partons i=1..n as virtual

leptonic probe particles with momentum

[ X, p,0<x <1}
K
hadronic target
lepton [ crosses
_ target h during time
every virtual state has in c.m. frame 025
average life z > 0 in Lorentz contraction PSS
time dilatation
rest frame of h - - lepton sees a “frozen”
| 2 configuration of partons
2

20-Mar-13 8



X

X
because of Heisenberg principle X. p { 1/C
[ and parton exchange y* only if g i/
impact parameter (transverse I [
separation between two trajectories) k
is <1/Q h X

p

Probability of finding another parton j = i nearby

area of hard scattering [ - parton

impact area of target

—1 2
Q2 QR<— o0 O
7TRh

20-Mar-13 9



lepton [ detected in final state l

debris of target h recombine /;

in not observed hadrons ( 2y )

hadronization happens on longer /@

time scale than hard scattering
[ — parton

factorization between hard scattering / — parton and soft processes
that lead to form hadrons without color

20-Mar-13 10



high energy: Q* — « , DIS regime
the parton is almost on its mass shell and it lives longer than 1/Q

Born approximation for hard scattering / - parton
"
K’ k\/
k\/
xS
partons
X ;@J%}%
P,S

generalization of Impulse Approximation (l1A)

20-Mar-13 11



QPM

« for Q2 — « in DIS, hard scattering / — parton in Born approximation
* partons live in “frozen” virtual state — almost on mass shell
» factorization between hard scattering and soft processes among partons

4

convolution between elementary process (hard scattering)
and probability distribution of partons with flavor fin hadron h

do
a9 = Z/ dE’dQ

/'

elastic scattering / — parton calculable in QED

( P,q) ¢¢(x)

unknown probability of finding parton f with
fraction x of hadron momentum P

20-Mar-13 12



Remarks :

« factorization between hard scattering and probability distribution
= Ccross section proportional to parton density

* hard scattering calculable in QED;
probability distribution extracted from comparison with exp. data

* in Born approximation, hard scattering off free partons

Q2—>oo
= asymptotic freedom as — O

= incoherent sum of hard scatterings
q
do®
Wel 5% ,
apaq } » xp
P
13

20-Mar-13




Calculation of (W €)w

elastic scattering off pointlike particle (Dirac fermion)

do®! _ a_QE’LW el w
dE'dQ ~ Q% E
1 dp’
Dm W = E 5 (2m)*s(p+q—p) He
jg 27 ) (2mw)32p/
N 1
G = §(2zP-q— Q%) H®'M = 27, 0@ —=B) Helw

H ' for pointlike Dirac particle < LV, but ....

G5 T [(F+m) " (ptm)o”]

= €72 [p’“p” + o' Vp* + g" (m? — ' -p)}

ey —
I :‘\

20-Mar-13 14



elementary scattering amplitude

—|,
ig\gg
LwHS"™ = €38 |p - Kp-k+p kp k' —m?k-K|
P = p+gq
p = xP
2 _ 2 2
2" 28 [202M2EE' + e MEWK - g+ me = "M
xME’k-q—ka-k’]
g = k—F
]{32 _ k,/QNO
9 2
= €7 216EE'm? cos? -2 1—|—Q—tan
2 2m?2 2

20-Mar-13 15



dael

dE'd2

20-Mar-13

elementary elastic cross section

2 El
324 E L’L“/We“,LV
a2 E' 11 .

§(x — xp) L, HE'H
Q% E 2m 2Mv ( B) Luv

Q2
2p-q

402 5 o be ,22mTp Q?
— E'“ cos 5 €7 o 0(x —xp) 1—|—7tan

Oe
OMott ef5(x—a:3) —I—efcs(a:—xB)EtanQQ]

2

16



Recall : elastic scattering off pointlike fermions

inclusive (in)elastic scattering l
2
\ do_ _ OMott (1 + 27 tan? 926) 5 (,, < )

dE'd2 2M

do
dE'dS2

0
= OMott {Wz + 2Wy tan? Ee}

we o 15<1_ Q> ) _ QA —zp) _ Fa(zp)
v 2Mvy 1% %

2 2
2
oW & 9 (1o ) —EBsa )= 2 F

L 2M2u< onty) = a0 #B) = len)

/

do P  2F1 o0
dE’dQ_GMOtt{u Y } Z/

E’ 42 ¢f (@)

20-Mar-13 17



structure functions

&

do <
dEdQY Z/ dE’dQ (bf ()
Oe
= O'MOttZGJQc/O d:z;(S(:U—a;B)qﬁf(m)[ +%tan22]
f

1 2 0
= OMott [;FQ-I-MFl tanzae]

Fiap) = Y. Gor(ep)  Falop) =ap Y G o7(p)
i

f

Callan-Gross relation P -
rn F1(x — F5(x
Callan and Gross, PR.L. 22 (69) 156 B F1(zp) 2(zp)

20-Mar-13 18




lonqgitudinal and transverse components
of inclusive response

Generalization of polarization vector for y*

1 ~ v 1% Hq”
ey = 75 (eh +ich) with ¢ = ¢ - qqg
1 = — Agﬂ*glj
€0 — —2(|Q|,O,O,V) z)\:( ) A A e
scattering amplitude budt = L, gh" Iy
= > (uek™) (Ju(— Z V)
A
0 = OMott [WQ + 2W; tan? —e]
dE'dS?
Q2 V2 4+ Q>
= OMott 2—|—Q2 WL—|— 1—|—2 Q tan 56 WT

20-Mar-13 19



(cont’ed)

ratio : R

2zp F1(zp) = Fo(zp)

20-Mar-13

2
ﬁ _Wl+(1+&) Wo

W Wy

2M v,Q2—00
(1+ xB)—l =70

24

Fr 1
Fl QCUB

osservazione sperimentale

Atwood et al., P.L. B64 479 (' 76)

_ Wy

<}:> R=_—"—=—=0
Wr

What does that mean ?

20



Scattering in Breit frame

scalar particle (spin 0) 0
*
Ty |
transverse polarization of y" carries L,=1
= cannot be balanced = W; — 0 CAVAY 0
—_—

Dirac particle (spin %)

e.m. interaction conserves helicity ot - 172
= change Ah =+ 1 compensates L, = 1 v

of transverse polarization of y’ VAVAY
= longitudinal polarization of y* does not + 1/&

= W -0

Callan-Gross H partons have spin %2

20-Mar-13 21




Early ‘70 : - systematic tests of QPM
- “frame” QPM inside QCD

1
F(zp) = 5 > 6]20 ¢r(zpB) Fr(zp) =zp Y GJ% ¢r(zpB)
f f
DIS on N={ p,n} — access parton densities in N

Example:
suppose p={uud} and n={ddu} ie. 2flavor u,d and u,d ~ O

Uy (%) , A (Xg) , Uy (Xa) , 0y (Xe)
FP(xg) , F (xg) in &+ N—e” +X

isospin symmetry of strong interaction :
Uy (Xg) = 0y (Xg) closed system
{ d, (xs) = Uy (%) y

20-Mar-13 22



Definitions

qf(aj) probability distribution of parton (quark) with flavor fand
fraction x of parent hadron momentum

C_7f () ditto for antiparton (antiquark)

> (Qf(ilf) + Cff(w)) =3 (x) (flavor) singlet distribution
/

q}i (x) “valence” parton (quark) distribution
valence quark = quark that determines quantum # of parent hadron
if every virtual antiquark is linked to a virtual quark (vacuum polarization

— pair production ~ quarkonium) then “valence” = all remaining quarks
after having discarded all virtual ones

20-Mar-13 23



(cont’ed)

qjscea(x) (Dirac) “sea” parton (quark) distribution
“sea” quark does not determine quantum # of parent hadron

if we suppose that hadron has charge = 0 (and, consequently, also
valence quarks have charge =0), the remaining contribution to structure
functions in DIS comes from “sea” parton distributions.

hence q¢(T) = q}i(:lf) + chea(fl?)

we assume q;"(x) = q7°" ()

qp(x) = g5 () — ()

1 . 1 1
eN = Z ef/o dx qf(x) — normalization 2 = /O dx [u(z) — u(x)] E/O dz u’(x)
f?f 1 1
20-Mar-13 1 = /O dx [d(m) —C?(:IZ)} E/O ded’(z) 24



DIS e +p—e’ +X in Born approximation and at scale Q2 such

e+n—e’ +X that exchange of only y°, not W ¥, Z°
2 flavors : f=u,d isospin symmetry : u, =d,
dp =u,
F>(x
oFy(op) = 2B _ 5 24 (ap)
BT

( protone g [up(zp) + up(zp)] + % [dp(a:B) + Jp(wB)]

neutrone g [un(zp) + tn(zp)] + 35 [dn(:vB) T Cfn(wB)] !
\ =35 [dp(fl?B) T CTp(icB)] + 5 [up(zp) + Up(zp)]

Fs T _ [u(wp) +a(wp)] + 4 |d(zp) + d(zp)
F5 P 4lu(zp) + u(zp)] + |d(zp) + d(zp)

20-Mar-13 25
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. ZEB—>O ]/WQB_TL F2€_TL CL‘B—>1
experimentally 1l <« = —
I/W2 p F2 p
Close, An introduction to - 1oF .
quarks and partons, “4’ -
Fig. 11.3 | T
o8 | § gty
1 T4t
data from | R *+++t¢‘ Cm s . . 4,
06} | # * |
Z \ ‘“
- | | .
Bloom, in Proc. of 61" Int. =, - 'FU&#
Symp. On Electron and = 04 = 4
Photon Interactions, A : ¢ ++
Bonn (" 73) S o - Tt S
Bodek et al., P.L. B51417 (' 74) |
0 R S sy

FIG. 11.3. The ratio vW3"/vW5F as a function of x.
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Fs ™ [u(zp) +u(zp)] +4 d(zp) + d(zp)|
F$P  4fu(zp) + i(zp)] + |d(zp) + d(zp)]

recall:  qp(wp) = q;(xp) + ¢ (zp)
assume u’(xpg) = d’U(xB) =0 (reasonable in N!)
assume:  uw(zp) = u*(xp) = d**““(zp) = d***(zp) = K(zp)
Dirac “sea” is symmetric
:lsfc; (can be dangerous!)
xXg — 0 1
T— F$™  w(axp) +4d'(zp) + 10K (zg) B 1
F5P ~ 4u(zp) + d’(zp) + 10K (zp) 4
u’, dominant
dominance of “sea” (K) v
(@, )

(pair production is

) oy e
flavor independent) nanﬁe_an_ “02 2 fp (le.l=2]
3° 4 Y

e~ p
20-Mar-13 F5 27




using same hypothesis:
- _ - - 1
vW5 P—yW§ "= F5 "—F§ " = op [u"(ap) - d"(zp))
non-singlet distribution

— information on valence partons

Close, An Introduction to quarks and partons, Fig. 11.6

Bloom, in Proc. of 61 Int. |
Symp. On Electron and ol
Photon Interactions, : * + +++{' '
Bonn (' 73) L ++ + ++ +.++++
N | * | 4y
Bodek et al., “ ol 1 +++¢
PL. B51 417 (' 74) | *U 3 ",
. | : ‘+
orri— — s e e e T
T ‘1 L 'l: i ] L L L .
0 05 ‘

FIG. 11.6. vWy(ep)— yW(en) data as a functiofl of x. . -
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Other tests of QPM

Gottfried sum rule

sea

1d£C - — 1 1 1 1 sea
— Fep—Fen)z—/d v_ ¥ —/d U —D
o (Fr-rsr) = 5[t —d)+3 [Fan )
1 1
18}\ ~ —(ny—ng) == /
S‘ng 3 3 \

U Sea = D sSea

NMC coll., P.R.L. 66 2712 (91)

Arneodo, P.Rep. 240 301 (94) exp. 0.240 +0.016

| QCD corrections = U sea = D 5¢a |dd > ui
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F5 ™ _ u’(zp) +4d"(zp) + 10K (zp)
FS P 4u?(zp) + d’(zp) + 10K (zR)

- 1
F; P—F§ "= 3B [u’(zp) — d’(xB)]

FS_P _|_ F26_n

[5(u"(zp) +d"(zp)) + 20K (zR)]

O| -

LB

3 equations for 3 unknowns : uV(xg), d“(xz), K(xg)

. |

informations on valence and “sea” distributions

20-Mar-13
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Early ‘'70: towards the e-weak sector of Standard Model

* so far, we considered only flavors = u,d . In mesonic and baryonic spectra
evidence for third flavor “strangeness” s
BNL, 1974: discovery of resonance Jhp : the charmonium cc

 evidence of strangeness changing weak processes : Kf — u* v

« CERN, 1973: evidence of weak “neutral” currents in processes
vie)+tp—ovi(e)+p

« first ideas (~ ‘60) about unification of electromagnetic and weak interactions

(Feynmann, Gell-Mann, Glashow, Weinberg..)

but partons are eigenstates of strong interaction, not of weak one

[Parton)yeqr = Y, Vi [parton ¢) sirong Vie SU(Ny)
f

| birth of electroweak sector of SM |

20-Mar-13 Nobel 1979: Glashow, Weinberg, Salam ,,



birth of electroweak sector of SM

(only a summary)

« first hypothesis (Feynmann Gell-Mann, ’ 58 ; Glashow, ’61) :
charged weak interactions (W *) linked to isovector e.m. interaction (y)
by isospin rotation; left-handed leptons and quarks are organized in
doublets of the weak isospin T following SU(2)

(.60, (8, 8,

where d,=d cos6,+ssin0B; ; s,=-dsin0B;+ s cos 0 0. Cabibbo
d, s eigenstates of strong interaction angle
d,,S, eigenstates of weak interaction

Comments: * need fourth flavor, the charm (discovered in 74)

* left-nanded transitions between v and e’ /u", between quarks,
via W*
d, , Sy justify reactions of the kind K* — u*v

20-Mar-13 33



(cont’ed)

* hypothesis of weak charge Y (Glashow, ’61): new symmetry U(1),

quarks have e.m. charge e;= Y+ 2T,
weak charge Y= (B + S)
summary of quantum numbers

* electroweak theory: fermions
interact through gauge bosons W, B

_T _
'Cweak :g¢§¢ -W+g/¢Y¢BO

B| S |Y |Ts| e
ul3| 05| 1]3
Lo [ %13
s|5|-1|-3] 0 |—3

g, g unknown couplings

invariance under SU(2); ® U(1), and massless gauge fermions / bosons
= theory renormalizable and non-abelian, because [W, W] =i g W

but m,, = 0! Otherwise we would see it in § / K decays

20-Mar-13
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(cont’ed)

* (‘t Hooft, * 71) : non-abelian theories keep renormalizabilitty if masses are
dynamically generated by spontaneous breaking of gauge
symmetry (Goldstone mechanism, ' 64; Higgs, ' 64...)

 spontaneous symmety breaking implies W, B — W#* 70 A
in particular A = cosf,,B+sinf,W;

7% = —siné,, B+ cosd, W3 0, Weinberg angle
Lone =90 5 - W+ g/ FY y BO o= v+
' = gtané
co :gﬂTij T gJ = gtano, "
+gsin ewzzefszJrcogew P (% ~ egsin?6,,) ¢ 2° o
gsing,, =e l
+e%ffwA+2 sin Gj,ecos 0,y i (% I ey sin® QW) ¥ 27 >

20-Mar-13 @ m_ current - A=y weak neutral current 33



Spontaneous symmetry breaking : the Goldstone mechanism

symmetry

L(—¢) = L(¢)

(auqb’)z - émggb@ + ..

_

Example: field theory for scalar particle ¢
1
L(#) = 5 (Bud)? = V(@)
V(g) = p?¢? +r¢" . A>0
vuoto = oV, —
new field o =¢— oo ; o
V(e = p?(¢'+¢0)* + A (¢ + 60)* = —2u° ¢'% + o(¢"?)
/ - 1 / 2 / - 1
L) = 5 (0ud)” + 2u2¢% 4= 2
20-Mar-13 4 =
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Summary electroweak sector of Standard Model

non-abelian renormalizable theory
of unified e.m. and weak interactions

in gauge symmetry SU(2)-® U(1)y

Predictions: « need a fourth flavor, the charm

4 gauge bosons:y, Wt , Z0
* v coupled to conserved current — massless (ok with QED)

. ratio  Wweak strength fits with Fermi coupling
e.m. strength

02

4+/2M3,sin? 0,
moreover M,,? = M,? cos? 0, — M,=M,

with M,, ~ 75 GeV

constant Gp =

» charged weak currents: W * induce transitions
v« e , U< d,u«< s(change of strangeness), ....

« weak neutral currents: v+p—->v+p,...
20-Mar-13 37



Experimental confirmations:

 quark charm produces resonance Jhp (BNL, 1974)

» gauge bosons W*, Z9 observed in UA1 exp. (CERN, 1983)
Nobel 1984: Rubbia, van der Meer

» from Particle Data Group: M, = 80.22 + 0.0026 GeV
M, =91.187 £ 0.007 GeV
sin? 0, (M,) = 0.2319 £ 0.0005

» justify charged weak currents with change in strangeness K* — utv

» weak neutral currents observed at CERN in 1973

Benvenuti et al., PRL 32 800 (74)
Hasert et al., PL B46 138 (73)
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Deep Inelastic Scattering

leptonic tensor L*Y

hadronic tensor W*V

20-Mar-13 39



leptonic tensor

€+/M+
e /u~ e.m. interaction (e” / u” left-handed) — exchange y
— -~
[ neutrino beam (left-handed) — exchange W™
(but also in inverse reactions like et /ut — Ve )
Ye/u — e T3(=+1)
— M= 2v/2sin 6, 2 (1 = 5) V-A
Ye/u
antineutrino beam (right-handed) — exchange W~
(butalsoin e /u~ = vey, )
_ e T3(==1) . u
L’L“/ — Tr |:|—/L k/ rl/ k:| V—V A'A

62 1 r / B / l B /
- no o,V 7! o,V
Ssin20, 4 {Tr [ 779" 2P| Kokg + Tr |7 157y 157" | Kk
T T (Y157 kaks F T 795794 ° | kaks) «—— VoA
20-Mar-13 “ 40




(cont’ed)

Tr [y#y2 9P Tr [yH957%7 1577 | = 4(g"*g"P + g"Pg" > — g g*F)
Tr [7“7570‘7”7[3 } = Tr [v“vo‘vyvmﬁ } = 4jelvel

o2

LW = o =2 (KR KR — ke KM F et P g )
|44

antisymmetric part of tensor keeps memory of interference
between weak vector and axial currents

20-Mar-13
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vector boson propaqgator

1qV 1
approximated as (—g“” + 1 g ) 5
q q- —

by 2
because T2 ~ <M> ~ 0

20-Mar-13
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hadronic tensor

» 2 independent vectors P, q

* tensor basis: b,=g", b,=q"q", b;=P"* P,
b,=(Puq¥ + P¥q") , bs=(P1q" — Pqv),
b6= €0 G°P °

« hadronic tensor W = 3. ¢ (g% P-q) b,

* Hermiticity — c; are real

* time-reversal invariance — ¢; = 0

* weak current is not conserved: q, W = 0 — C, * 0

* ¢, and c; dependent on ¢, and ¢,

prpv M2q2
<_ ) C4(q27P ’ Q)

WHY = | —g" + —quqy ¢ ca(q®, P-q) +
q ’ M?2 P-q

L jervpo Lodo C_Ia c6(q° P.q)\~ /
W1y Wo
i N Y,
g
W3 A
(A)
20-Mar-13 W HY 43




scattering amplitude

Luw = LY + LG L Wh = 1§ w(Suw
Wi = W 4w + LG WA
TRF 4 0
Ly WHY - ——4EFE cos2 Z¢
64sin™ 0, 2
0 E+ E' 0
b X W2—|—2W1tan25€ + 7\_4 W3 tan22€]

/

interference VA — antisymmetry between leptons / antileptons
parity violating contribution
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dO'V/D
dE'd2

20-Mar-13

(87

2

Cross section

E' 1

Ly WHY
64sin*6,, E (Q2+ Mz,)2

(87

2

El

64sin*0,, E (Q2 + Mg,)?

X [WQ + 2W; tan

F:

> Oe

> O
AEE' cos? >

E+ E'

)
4\/§Mv2vsm 0y,

+
2

M

DIS limit;
scaling in
elastic do

0
W3 ta 02 e]
2

Fy
Wl — M
F>
W2 — —
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elementary electroweak vertex with charged currents

20-Mar-13

EH

d

e.m. interaction — exchange y

quark (left-handed)

e T3(=+1)

antiquark (right-handed)

7 — e T3(=-1) Y = V==

=z, 2 (A Es) Xp Vi
Viud Vus Vup

Vupp = | Ved Ves Vi | € SUF(3)
Via Vis Vi
cosf, sinf, O 2

~ | —sin6, cosf, O Zf’ VUfo/ 1

0 0 1
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elementary hadronic tensor

1 dp’
2mWeEH = (%)EQ 5 (2m)*s(p —p —q) HE'M
_ 1 L el pv
= S 0(x —xzp) H
2
e
B = LT (@ Pt g m) o (1F8) (@ P+ m) 7 (1 F95)]

then
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Ly, HW = L(S) gel(SHur 1 Ll%l) grel(A) v
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structure functions

do
dE'dO (P,q) = Z/ E/dQ TP, q) Qbf(x)

!

Po(wp) = wp ) [or(wn)+é(zn))
f Fy ~ 2zxpld(zp) + s(xp) + u(xp) + é(zp)]
Fy ~ 2zp |d(z) xp) + u(zp) + c(zB)]
QZUBFl(CIJB) = FQ(ZUB)
F3(xp) = Z br(zB) — d(zB)]
f
flavor non-singlet Fy' ~ 2[d(ay) + s(2) — alzs) — e(wp)]
asymmetry right-/left- handed Fy o~ 2[=d(z) — 5(20) + u(wp) + c(zp)
(V/A)
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Esempio : Ve/#+p—>€_/,u_—|—X

Jé‘ﬁ x uy"(1l—~s5)[dcosb, + ssinb,]

+ ¢v*(1 —~v5) [scosb, — dsiné,] 4+ antiquarks...

M — 2F1(CUB) N@[d(CUB) + S(CEB) T E(CUB) + 5(QCB)] T

0
Fi(z,) ~ @[d(:cB) +s(z,) — aley) — )] + ...
’7@/“ o >e+/,u+—|—X
J‘F;/_ o« [dcos, + 5sinf,]v*(1 —v5)u
+ [scos6, —dsinf,]v"(1—~s)c
+ (a)y"(1 +~s) [dcosb, + 5sind,] ...
vy
2B = 2P () =(Q)[dx,) + 5(ay) + ulay) + clay)] +... Up=uwe\NDp =S
B
Fy(z,) = @[—J(xB) — 5(ap) + ulay) + clay)] + ...

Pb(xB)
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SU;(3) — 12 unknowns: P dp, Sp, Up; dp, Sp
U’n,, d’n,, S’n,, ’U,n, dn, Sn

W"'p W™p W"'p W™p
8 observables: FQ+ 7FQ B 7F3 n 7F3 B
Fé/V nngV n)Fg/V n) :l)/Vn

isospin invariance: up = dn dp = un
(2 relations)

isospin symmetry of “sea” : u=4d
(2 relations)

closed system: from DIS (anti)neutrino — nucleon it is possible

to extract (anti)quark distributions for the three flavors
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Various experimental tests of QPM

; 1). (anti)neutrino DIS on isoscalar nuclei (Z=N — # u = # d quarks)

| d(VA)

Ay~ 3 Eer 4t
o (7A) ++++++ H ‘o i
eootiy T oy s

E (GeV)
FI1G. 11.12. ¢”/E and ¢*/E for E=<200 GeV.

(Gargamelle coll.)
Perkins, Contemp. Phys. 16 173 (75)



2) DIS (anti)neutrino-proton

data: neutrino suppressed w.r.t. antineutrino in elastic limit (v — 0)

dO_VA

depdy | _
y=0 A7¢

do?A xp — 1

dx pdy T

for xg — 1 u-dpominance consistent with

rp,—0 pen
w©W 1 BC — L
\ er D

3) charge ratio: DIS of electrons and (anti)neutrino on isoscalar nuclei

N
o 18 F2MNeme)

d
F2°* (sLAC-MIT) T

Tr—0 » Fr xp—1
0 "% %23 2y

F2€_p+F2e_n 5
FPyFyn 18

|

Collab. BCDMS, PfL B195 91 (87)
| B237 592 (90)
| 599(90)
CCFR, Z. Phys. C26 1 (84)

o

—1

1
4



Sum rules

1d =
Adler /O—x<F2 — F5 )znu—nd-l-nc—ns:l %{é

exp. 1.01 £0.20 Allasia et al., P.L. B135 231 (84)
Z. Phys. C28 321 (85)

ga

g
1da: >
Gross-Lewellin Smith / ng + ng) =ny+ng+nctns=3

n,=q—q < excess of 3 quarks over antiquarks in p

exp. 2.50 £ 0.08

Mishra, Proc. of SLAC discrepancy !
Summer Institute
(SLAC, Stanford, 1991) p. 407
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(cont’ed)

Momentum sum rule

1 9 e e n 3, v vn

= 1—¢

0,~0 exp. —e~0.5
or using e~ DIS only:
L # 3
O1468) 1. oy 1 _ _ _ NG
é+25) da(F P4 FS ") = /O doa(u+i+d+d+s+3) = 11—5
5 /O dxx(s + 5)
n ol ~ _
exp. data for F,P + 0<5<008 /O dzz(u+ @ + d + d)
SU(3) symmetry for g2 + ~ (0.54 + 0.56) + 0.04
extraction u(x), d(x), s(x) e HoR = EOh) =L

partons with no charge (= gluons) carry around half
of N momentum, but they are not included in QPM!
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