EnekTpomMarHnuTHU
B3aMMOOEWUCTBUSA U CTPYKTYypa
Ha agpaTta u eneMeHTapHuTe

yacTuuymn
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QED kaTto kanmbpoBbYHa Teopus

« CoboaeH [dunpakoB pepMUOH:

« ®azoBa MHBAPWAHTHOCT:

ADCONIOTHUTE CTOMHOCTU Ha pa3nTe ca HeHabngaemm B KBaHToBaTa
MeXaHuKa. JlarpaHXxnaHbT € UHBapmaHTEeH OTHOCHO (pa30oBO

npeobpa3yBaHe. —
. KANIMBPOBBYEH NPUHLMN: 0 = 0(x)

Ako dpaszoBaTa nHsapuaHTHoCT e JIOKAJTHA 10

i06 .
o,v — €% (0,+i00,0) v

NarpaHXunaHbT BeYye He e MHBapuaHTeH OTHOCHO ba3oBo NpeobpasyBaHe.

BbBexaame kosapuaHTHu nponssoain ARSI REXZ DN

o -
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danHmaHoBM gnarpamu

The Basic Building Blocks

e > e Note : the positron (e+)

+ +
C € € line is drawn as a neg-
! ative energy electron

S traveling backwards in

Time time

The eT — photon interactions

_>_%‘: Note: none of these pro-
i cesses are allowed in
>VV\NV isolation : Forbidden by
Y\/\/\/\I<e- (E, p) conservation.
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Propagator

Proton Current

Matrix element N/ factorises into 3 terms :

—i M = Electron Current
—ighY
X 5 Photon Propagator
q
X (u,|iey”|u,) Proton Current
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Compton Scattering

e propagator Y e

ALK,

o ~ |M|*~e?
Bremsstrahlung
M

Y i

[
nucleus

|M’2 ~ 66

ete™ Pair Production
e

Y
Y3 e
nucleus M2 ~ b
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ep Scattering

C
P
2 47T
q* q*
042
4E2sin? g



EneKkTpoH-No3UTPOHHO pa3cenBaHe

Leading order e’ e’ :

2
Next to leading order ﬁ
1 & o
e
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THE MUON ANOMALOUS MAGNETIC MOMENT

http://pdg.lbl.gov/2011/reviews/rpp2011-rev-g-2-muon-anom-mag-moment.pdf

7 — € g Gy —2

a, ¥ =11659204(6)(5) x 10~

a; P =11659215(8)(3) x 10~

a$P =11659208.9(5.4)(3.3) x 1071
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http://pdg.lbl.gov/2011/reviews/rpp2011-rev-g-2-muon-anom-mag-moment.pdf

Figure 1: Representative diagrams contribut-
ing to aiM. From left to right: first order QED
(Schwinger term), lowest-order weak, lowest-
order hadronic.
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v \2 3
aQEP _23 +0.765857410(27) ( ) + 24.05050964(43) (E)
m T

+ 130.8055(80) (:) + 663(20) (3)5 T (5)

a1 = 137.035999084(51)

a?"P = 116584 718.09(0.15) x 1071

2
C“?n

SV/on? E [5 1 (1 — 4811126’W)

2 2

Ly, a0y
co(s) voG)|

W H

—194.8 x 10711,

Eﬁﬁf

[1-loop| =

EW —11
aEW [2-loop] = —40.7(1.0)(1.8) x 10~ 11 @, =154(1)(2) > 10
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SM
JL
to its main theoretical uncertainties. At present, those effects

Hadronic (quark and gluon) loop contributions to a®" give rise
are not calculable from first principles, but such an approach,
at least partially, may become possible as lattice QCD matures.
Instead, one currently relies on a dispersion relation approach

to evaluate the lowest-order (i.e., O(a?)) hadronic vacuum

Had

n¢|LOJ from corresponding cross

polarization contribution a

section measurements [13]

2 % -
A L0] = %(%) /ds @R(D}(s), (10)
m2

where K (s) is a QED kernel function [14], and where R()(s)
denotes the ratio of the bare? cross section for eTe~ annihilation
into hadrons to the pointlike muon-pair cross section at center-
of-mass energy /s. The function K(s) ~ 1/s in Eq. (10) gives
a strong weight to the low-energy part of the integral. Hence,
aﬂ"‘d[LO] is dominated by the p(770) resonance.

Cyb6artomHa dm3unka/2014 - 5
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a, *[LO] = 6955(40)(7) < 10~ 1, (11)

where the first error is experimental (dominated by system-

atic uncertainties), and the second due to perturbative QCD,

Alternatively, one can use precise vector spectral functions
from 7 — v, + hadrons decays [16] that can be related to
isovector eTe~ — hadrons cross sections by isospin symmetry.
When isospin-violating corrections (from QED and mg — m, #

0) are applied, one finds [17]
a;;*'[LO] = 7053(40)(19)(7) x 10~ (7). (12)

where the first error is experimental, the second estimates the
uncertainty in the isospin-breaking corrections applied to the
7 data, and the third error is due to perturbative QCD. The

discrepancy between the ete~ and 7-based determinations of

Cyb6artomHa dm3unka/2014 - 5
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Higher order, O(a?), hadronic contributions are obtained
from dispersion relations using the same eTe  — hadrons
data [16,1821], giving ay,"P"™P[NLO] = (-98 + 1) x 10711,
along with model-dependent estimates of the hadronic light-
by-light scattering contribution, aEad’LBL[NLOL motivated by
large-No QCD [22-28]. ? Following [26], one finds for the sum

of the two terms
a}*[NLO] = 7(26) x 10~ !, (13)

where the error is dominated by hadronic light-by-light uncer-

tainties.

SM —11
a;M = 116591 834(2)(41)(26) x 10
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Aay, = aSP — a™ = 255(63)(49) x 1071, (15)

HMNT 07 (e*e -based)
—285+51 —e—

JN 09 (e*e)
—299 + 65 ——

Davier et al. 09/1 (t-based)
—157+52 F—A—

Davier et al. 09/1 (e'e’)
—312+51 F—e—

Davier et al. 09/2 (e*e” w/ BABAR)
—255+ 49 —e—

BNL-E821 (world average) i
0+63 -
|
0

-700  -600 -500 -400 -300 -200 -100

100

—11
<10
_ gexp
a“ a“

Figure 2: Compilation of recently published
results for a, (in units of 10711) subtracted
by the central value of the experimental aver-
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An alternate interpretation is that Aa, may be a new
physics signal with supersymmetric particle loops as the leading
candidate explanation. Such a scenario is quite natural, since

generically, supersymmetric models predict [1] an additional

SM

contribution to a,

100 GeV
msusy

2
ap oY = £130 x 107 ( ) tanf3 . (16)
where mgyugy 1s a representative supersymmetric mass scale,
and tanf ~ 3-40 is a potential enhancement factor. Supersym-
metric particles in the mass range 100-500 GeV could be the
source of the deviation Aay. If so, those particles could be di-
rectly observed at the next generation of high energy colliders.
New physics effects [1] other than supersymmetry could also

explain a non-vanishing Aay,.
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EKcnepnmMmeHTn no pa3cenBaHe

OnNTUYeCcKU aHanor - cHemaHe Ha ANMPAKLUOHHA KapTUHA, KOATO OTpas3<ea
MacoBOTO UMK 3apaA0BOTO pasnpesernieHune Ha aapeHaTa maTepus
dpayeHxoepoBa A pakumns.

D — anameTbp Ha 94p0TO

Dsin® = mA

B =
S . L m . _—
e e . .._l minimum maximum
oy TR m 1.22 163
. LR =
: P p 2.23 2.68
S e . % 3.28 3.69
A = <D . 27(197.3) -
"~ E_[MeV]
O6ekT Ckana [fm] EHeprua Ha enekTpoHa [MeV]
ATOM 10° 0.01
Texko aapo (Pb) 10 100
TTpoToH 1 1000
Keapku 0.1? 10000
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PesyntaTtn ot (e,e’) ekcnepuMeHTHn

~29
10 -
1628

PER STERADIAN

Io‘-3l

|O—32

DIFFERENTIAL CROSS SECTION IN CM2 PER STERADIAN

lo—33

DIFFERENTIAL CROSS SECTION IN CMm?2

‘0-34

30 534

30

\

HARMONIC WELL SHAPES

\
\

!

CARBON 420 MEV

N
X
\
\
X
(c)
J}éy% (o)
T ’ A .

/ SO
ORI NN
1 \\
\\‘ \

40

SCATTERING ANGLE IN DEGREES

Cy BarePBRR L s iiNe/ ROV A13£566 (1959)

\
50 60 70 80

Ec. = 420MeV = A =2.9fm
6= 42°
D.Sin () = 1.22 A

D = 5.28 fm

r (**0) = 2.64 fm

6 = 51°
D = 4.56 fm

r (**c) =2.28 fm
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EnacTtuyHo pa3cenBaHe - KBAHTOBO MeXaHU4YHO onmncaHue

A

V (T)

()]
[
ol
H
R
~d
K
v
ol
Hhooo
I [
'_f‘vlr
: He
3
Fh
» TN &
7
A\ 4
._Q~L
1]
n)]
— T
e
- F
o
-
Hh Lo
—_ K
|
Lo}
Fh

pPi=hk;
ke
> > 2 7 i > > i2 _1
3naTtHo npaBuno Ha depmmn; A (ki, kf) = T 1 M (ki, kf) |- P (EBg) (s 7)
| |
= (¥ V(2) 14s) = (£ V(T) 1 1)
% n - 1 * 2> 1 —i?c .r > 1?(13:) 2 1 1 i)‘1‘Ef £ > >
M (k;, ke) = vJ‘dffV(r) g dr = — l‘ XV (r)e dr =VJ.e ( ) Vv (r) dz
m? do
dO’(e, Q) = " 14—7(
do 6 m? M2 2
— (@, ) = £i = | £(6) |
do 4 72 nf f(§) — aMmnnUTyOa Ha pasceiiBaHe
m i > - >
f (6) = JV (f) er T dr
2 7t h2
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EnactunyHo pa3ceMBaHe oT Ll,eHTpaJ'IeH noTeHuunarn

V(r) = V (x)

r = |r -7 |
:I._]’(f.;.')
- >
ol ki E h ke
> -
P1=f1k1
d.* = gqrcoso' df = r’sing' drde ' dp
m
£ (6) = Jv (r) r’dr | do'
27‘(‘h2 r v |l .
ig. . i . - h = qr
I‘ﬂeﬁqrcose sing' do' = - A jﬂeﬁqrcose d(iqrcose') = - j,ﬁ e§d§ -
10 igr Jo h igr J-Lar
i i
I PO qur_-e B _ 2sin (qr/h)
iqr (21) (qr / h)
m 2A (®sin (qr/h 2m ®
£ (8) = 25 j (qr/ )V(r) r’dr | = —— sin (qr/h)V(r) rdr
2 7t h? qa Jo r gh Jo
. Ze’ 1
PbabpdopaoBCKO pa3cemBaHe OT TOYKOB 0OEKT V(r) = 4 e, ; ,
c o 2m Ze2 o o g 2m Zze? vim (Csin (qr/n) e~ dr 2m Ze? B 2m Ze
= —_— sin r r = — 1 1 = — = T 5
®) = heoﬁ (qr / h) e g— aeoﬁ, (ax /1) af dreo a q? 4 neo
b b 1 2 2
lim | sin (bxy e dx =lim — — = — 39 _ . o Am® [ _ze® )
a>0 |, a>0 a2 4 b2 b = | 2(O) ||= 2
. do g \ 4 req)
q = 2psin (6/2) 2
5 5 (Zz e? ( 1 ] 1
P=|Pi|=|Pf| 23
E-p’,2m I/I3VIKa/20dQ \'ane, ) \4E) sin® (8/2)




EJ'IaCTI/ILIHO pa3ce|/|BaHe OT 00eKT C KpalHu pa3mepu

r+s

m i 2> - >
/ \ 4 e } s 2 7t h2
&3 £(6) = JJ‘O ) 3 ataz
2 7t B2 \ 4 eg )
a7 () [ 20 ) [
_27rf12 \47reo} 27h2 \4dmeo) s
sin (gr /A
= J- P (r) a ) 4 rr’dr
0 (qr / 1)
| J
Y
F(a)
do _ £ (o) 12 = F2 g dypue obpas Ha aapeHaTta 3apsgosa NNbTHOCT
do = O = (D) F(q) — sApeH popm-akTop
npu pascenBaHe OT TBbpaa cdepa
A ce nosilydaBat MUHUMYMU U MaKCUMYMMW.

@ //\ /

o

k L .
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Pe3synTtaTtu oT (€,e’) eKCNnePUMEHTU

10—26

10-28

10-30

10732

do/dQ (cm?/st)

1074

10-36

10—38

PenatnsmncTtkm 4yacTtum 117

208pp (e,e)

ey ---- Mean Field

Theory

=  Experiment

OTKaT Ha AOPOTO ~  — Experiment
D,OITbJ'IHI/ITeJ'IHI/I B3 _aVIMO,EI,e\ﬁ"F@mB“-thEOYY

L

VLT

/
g

7 (fim)

R=1.23(1)AY3[fm]

g (fm™)
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\\“4 d~ 2.3 fm

d
(60 ) e ™ (6 ) et (57 2
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AfopeH pagunyc o

p (r) = p(O)[1+Exp(

-1

1]

PyHKLUUA Ha Pepmu . a )
~ constant _ 1/3
p(r) d=4.4a 2 nR R = const . A
A A ", CpeaHoO-KBAAPATUYEH paaMyC
i 213
0.9p(0) fr=smsmmmnmmmmnmnnnns =mane <I’2>: .['O(r)r dr (r2)1/2 # R
AN ' j o(r)d°r
o\ _ ¢ Po r< R
0.50(0) ke R ........ \ e (r) 0 r>R
E J.p (xr) SCr - fmp (r) rdr | dQ
: 0 Q
____________________________________________ R
0.19(0) : : =p047TJ. r2dr = 4_7TpOR3
I 0 3
2 43 * 4 " 4 47 5
fp(r)rdr:fp(r)r erdQ_p04ﬂJr dr = Po R
0 Q 0]
3 1/2
(=) = =R R =[50
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CpegHo-kBagpaTUYeH pagunyc npun yHKUUS

A
(.

p'(n) r

R..—R korato a/R —0

Ha Pepmu

r-Ry_ 1
p (r) =p(0)[1+Exp( " )]
X . R23 . 772 ,a,?
r =47 — + —
(z?) oo B | - (R) ]

a # 0.55 + 0.60 fm — 10% epexr

R, . % 12xAY3fm
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(ﬂ) - (do) - (Za)ZEz 1 — v?sin’? 4
el an 4k"sin“g ’

F(q) =f(l + ig-x — (‘1'21")2 3 ---)p(x) 4,

=1 - —|q|2<r2> = DR
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* [1pn pascenBaHe OT NPOTOH UMaA YCINOXHEHUS

( 2 | 2,2
3_;’2 - = - i{(Flz—:Aszzz)coszg
o l 4E? sin? "2' )
qZ F F. 2 20
_2M2( , + kF,)"sin 3
2
K
G.=F + 9 F,
4M?
Gy = Fy + «F,
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2 2 2
de| a E’ ([ Gg + 1G); 2 7 6
aiB: (R cos? = + 27G},sin®
dQ lab 2 0 E 1 + 7 2 2
4E?sin® —
2
T= _q2/4M2 1 JOLPRE TR T R i et o (e 2 o B o B B
Dipole proton form factor -
i Ry g
=577 -
10~ — ——
a F 3
= - =
(& & |
" P~ —
g
U - 4
107 = —
dG,(g? | -
(,2) 6( £(4 )) = (0.81 x 10~ cm)’ ~
q g’=0 7 —
10"3L1 a4 1, P O O WL L L Ao . a2 -3
2.5 5.0 1.5 10.0
-g? (GeV/el?

Fig. 84 The proton form factors as 4ofunction of ¢,

Cyb6artomHa dm3unka/2014 - » 30



HeenacTnyHo pa3sceliBaHe Ha
eneKTPOoH OT 00eKT ¢ pasnpenerneH

3apsif ’

I nvariant
mass W

p.s

31
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15— E =10 GeV
= , p (q 6=6
l‘_ — ‘
Z 0\0 ‘.‘V{ *
= 10 #
> } %pc
Q - ‘ }
LD
2 N ' ; : \ o
w 0.5 ¢
ST “
o
= = "
0 1 ".5}. 1 | 1 ] 1 |
0 1 2 3 4

W (GeV/c?)

Fig. 8.6 The ep — eX cross section as a function of the missing mass W. Data are from
the Stanford Linear Accelerator. The elastic peak at W = M has been reduced by a factor
of 8.5.
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- I | I 1 I |
i g=10°
N\ - We2 Gev
-\ x - W=3 GeV
: s ——W=3.5 GeV
10" \ .
i e .
- ;\-‘T o ]
-\ S
-\ L
3 \
*-E |u'25— \ E
- \ )
: \ _
0L N\ ELASTIC .
. "\ SCAT TERING -
- . -
- / \\_ ]
| Partons! ~ _
) N
0™ | | | | [
0 | 2 3 4 5 6 7
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HeenactnyHo ep pascenBaHe — KUHEMATUYHN MPOMEHIUBMN:

~— e:h,(v)

g=k -k

current jet 2 =p q

4 M

P P, W= (p+ ‘1)2 = M*+ 2Mp + qz
s e S P i

T 2p-q 2Mvy’ p-

do _ o’ 6 ) , 0
dE"dQ |y 2.40{W(vq)cos 5+2W(rq)sm 2}

4FE“sin 5
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* MoxeMm nun ¢ poToHM C JoCTaTbYyHO Marka
ObIMKMHA HA BbHATa Aa "‘BMOUM’ KakBO MMa B
NpPOTOHA ?

« OkasBa ce, 4Ye nNpu HapacTBaHe Ha nNpeganeHus
Npn B3aMMOAENUCTBUETO UMIMYIIC NPOTOHBLT
3anoysa ga marnexaga kato CbCTaBeH OT
(kBa3n)ceoboaHu [mnpakoBu YacTuum (KBapkn);

« HeenactnyHoTO e-p pascenBaHe ToraBa MOXe
Oa ce onuuie KaTo HEKOXEPEHTHa cymMma OT
enacTu4Hun e-q pascemBaHug:.

g => \,\\._

Proton Quark
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* [1pn npexona oT ceyveHne 3a pas3cenBaHe oT
NPOCTPAHCTBEHO MPOTSXKEH ODEKT KbM CEYEHNE
3a pascenBaHe OT TOYKOBa YacTtuua
CTPYKTYPHUTE PYHKLUUU Ce TpaHcdopMupar B:

- 0’ ( Q’)
2W ; id 2m |
2
point __ _Q
W, 5(:: o )

- 2mvy 2mvy

2mWpont(y, 0?) = -2 8(1 _ 2 )

2my
3

y WPt (p 0?) =8(1 0’ )
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[Tony4yaBame CTPYKTYPHU PYHKLUN, 3aBUCELLU
eOVHCTBEHO OT be3pa3mepHaTa NpoOMeHMBa

Q%/2my

MW, (v, 0?) —— F,(w),

large Q*
vWs (v, Q%) _"_,Fz(w)»
large Q°
: 2
omp M O 1_0
Q* 0’ w 2Mvy

37
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. 6& 0 IB:-
x |0° s 26°
Q.5 v T T I T ] 1

04 ~
03 | % S B L #ﬁ ,H. %_

’ VWQ
Q.2

w=4

o\ + Bjorken Scaling? -
| Xx=0.125
0 I [ i i | |

0 2 4 6 8
92 (Gev/c)?

Fig. 9.2 The structure function v, determined by electron-proton
scattering as a function of Q? for w = 4. Data are from the Stanford
Linear Accelerator.
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« OcHoBaBalKkm ce Ha ekcnepuMeHTanHmnTe akTu,
pasrnexgame npoTtoHa KaTo CbCTaBEH OT MHOXKECTBO
“NapToHn’;

« CeueHuneTo 3a pasceniBaHe OT NPOTOH MOXe Aa ce
npeacTaBu KaTo crieiHaTa HEKOXEPEHTHa Ccyma:

/\\ xE,‘xp
E p =Zfa’xe,.2 E, p === =

OyHKUMA HA pa3npeaeneHme Ha NapToOHUTE MO UMMYCIIN :

A v

)=t 2

p \j:_ “ - l)[’
CybaTtomHa
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* Ianons3Baunku 4yacT OT pe3yntatuTte AOTYK
cTMrame 0o crneaHua Bua Ha CTPYKTYPHUTE
doYHKLUMKM HA NPOTOHA:

Wz(”’Qz) - F(x) = Zelzxf,(x)s
l

MW,(v,Q%) = F(x) = F(x)
_1_ 0
* w 2My
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 OKa3Ba ce, Ye KnHemaTun4yHaTra
NMPOMEHSIBA Xg= X CbBMaga ¢ YacTtra oT
MMryrica Ha NpoToHa, HOCEHA OT KBapKa;

* [1pn PUKCUPaHO Xz CTPYKTYPHUTE
dOYHKUUN HEe 3aBUCAT OT NpeganeHns
MMNYNC — TOBa € T.Hap. bbOpKeHOBCKM
ckennuHr (scaling). (Yecmo moesa ceoticmeo
ce Hapuya MauwiadHa UHEAPUAHMHOCHL.)

41
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FF700 = (3] 1w () + @]+ (3) 170 + 7o)

.

) [7(x) + 57(x)],

| et

L] 2""=(%)2[u"+ ]+( )[d"+d"]+(1)2[s +:3");

X

TyK uma 6 Hen3BeCTHN KBAPKOBU pasnpeneneHus.

42
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Moxem ga nanonssame dpakra, 4e nNpoToOHbT U HEYTPOHBLT
obpasyBaT M30CnMHOB OybrerT:

uP(x) = d"(x) = u(x),
d?(x)=u"(x) =d(x),

sP(x) = s"(x) = s(x).

BaneHTHu n MOPCKWN KBApPKu /)\%
Cyb6aTtomHa c¢u3i =



PasnpeneneHns Ha BaneHTHUTE U MOPCKUN KBAPKW:
() () =il () () () = 4,02~ 5(x),
u(x) = u,(x)+ u,(x),
d(x) =d,(x)+d,(x),

[Mpn cymmpaHe Ha NPUHOCUTE OT BCUYKM KBApKn TpssbBa
[l1a ce Bb3CTaHOBABAT KBAHTOBUTE YNCIIa Ha NPOTOHA:

[ lu(x) = @) dx =2,
[la(x) - ()] ax =1,

jo‘[s(x) — 5(x)] dx = 0.

S(x) — brehmsstrahlung cnektsp 44
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* [lpn mankm x oMakBamMme MOPCKUTE KBApPKM B NMPOTOHA U
HeyTpoHa Ja uMmaT eHaKBuK pasnpeaeneHus.

1.0}~ | || -
+ «4—— Sea dominates
M
s +’

L e, i
i ’Wu
Fgp ‘#A

oal- h,, y

{ ”*4_ u, dominates

0 1 1 | 1
0 0.2 0.4 0.6 0.8 1.0

X

Fig. 9.6 The ratio F5"/F;” as a function of x, measured in deep
inelastic scattering. Data are from the Stanford Linear Accelerator.
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« Kak bu TpsibBano ga narnexaa F(x) cnopen
npeacraBarta, KoSiTo u3rpaguxme 3a CTpykTypaTa Ha

npoToHa"?

If the Proton is then F5P(x) is

A quark :(>

Three valence quarks

1/3 1
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Three bound valence quarks

- /N

Three bound valence
quarks + some slow
debris, e.9., g~ qq

Valence

iy

T |
1 1
€ Small x z
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i[F{’(x) - F"(x)] = %[“v(") = d,(x)]

0.1 -

FP ~FF" I~ + 4.t —
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AHanus Ha eKCrnpuMeHTanHnTe aaHHM Nno3BoJidBa U pa3aenaHeTo Ha
pasnpenerieHndata no MMnyJricn Ha TakmBa 3a BaJsieHTHUTE U MOPCKNTE

KBaADKW.
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Figure 16.4: Distributions of x times the unpolarized parton distributions f(z)
(where f = uy,dy,u,d, s,c, b, g) and their associated uncertainties using the NNLO

Cy6aTOM Ha ¢)M3MKaI201 4 - 5 MRST2006 parameterization [13] at a scale p? = 20 GeV? and p? = 10,000 GeV?.



AKO cymMmpame npmHoca OT BCUYKU KBapKn TpsibBa aa
nonyyYMm NbAHUA UMNYIC Ha NpPoToHA. Ho ¢ eneKkTpoHu
MOXeM [a nacrnegsamMme camo pasnpeneneHmeTo Ha
enekTpu4Hma 3apaa!

fldx(xp)[u-i-ﬁ+d+c7+s+.§]=p—pg
0

1 _
/dxx(u+ii+d+d+s+§)=1—eg
0

fdxF{”(x)=%eu+ Je, = 0.18,

VIHTerpnpaHeTo no
eKcnepuMeHTanHuTe
pe3ynrtaTtun gasa criegHuTte
CTOMHOCTM 3a NpuUHOCa B .
MMMyrica Ha P U n: €, = fo dx x(u + )
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fdx Fn(x) = e, + $e, = 0.12,



PewaBaHeTo Ha Ta3u cuctemMa gaBa yaAUBUTENHUA
pes3ynraT Ye NoYTW NMonoBMHaTa OT UMIyJica Ha
MPOTOHA Ce HOCU OT FMYyOHUTE

e, = 0.36, e, = 0.18, £, = 0.46
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HERA collider :
H1 and ZEUS
1992 — 2007

Fixed target :

: SLAC, FNAL and CERN

completed ~10-20 years
ago
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DIS at ZEUS
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27.5 GeV

Elektron

Proton 920 GeV
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http://pdqg.lbl.qov/2011/reviews/rpp2011-rev-structure-functions.pdf
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Figure 16.7: The proton structure function F; measured in electromagnetic scattering of positrons on
protons (collider experiments ZEUS and H1), in the kinematic domain of the HERA data, for = > 0.00006

CybaTtomHa (

(¢f. Fig. 16.10 for data at smaller z and Qz), and for electrons (SLAC) and muons (BCDMS, E665, NMC)
on a fixed target. Statistical and systematic errors added in quadrature are shown. The data are plotted as a
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Figure 16.9: The deuteron structure function F; measured in deep inelastic scattering of muons on a
fixed target (NMC) is compared to the structure function F from neutrino-iron scattering (CCFR and
NuTeV) using F; = (5/18)F% — (s +5)/6, where heavy-target effects have been taken into account. The
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OF;

QCD - F, violates Bjorken Scaling =2 ~ a,zg

ZEUS

| A=6.RE-S

E, -log, ()

x=0u000102
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8ln Q

At low x :

Gluon splitting enhances quark density
= F, rises with Q2

At high x :

Gluon radiation shifts quark to lower x
=> F, falls with Q2
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Figure 16.10: a) The proton structure function F.f mostly at small = and Q?, measured in electromagnetic
scattering of positrons (H1, ZEUS), electrons (SLAC), and muons (BCDMS, NMC) on protons. Lines are
ZEUS and H1 parameterizations for lower (Regge) and higher (QCD) Q2. The width of the bins can be up to
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