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ep scattering @ 200 MeV
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QPM @ 20 GeV
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Inclusive Deep Inelastic Scattering

E' and O fully determine kinematics (at proton rest frame)

Convenient variables:

'
€+ p —> e+ X g = (k 4 P)2 center-of-mass energy

" k) 52 — _q2 =—(k — k’)2 virtuality of 7/* [ Z
Q° Bjorken x - parton momentum
= fraction
. 2(q,P)
P . y = (q P) inelasticity
(,P) Eele 5-0

Relatedby  SXY = Q ’

Include hadronic measurements to improve the result
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he HERA ep collider at DESY (Hamburg)

o 1992 - 2007 15 years of data taking
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Main components of the H1 detector

LAr

Liquid Argon calorimeter
CJC

Central Jet Camber

electron
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inal stat
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S.Shushkevich, MPIM NC at H1 6



ep scattering in general form

Cross section for the ep scattering is do waﬂ }‘ifd

where (the most general form)

: 1
WH = —gh W +—ng ie" pagsy—Ws

+4"q ”I Wi+ (0'q" + q”p”)—ﬂ 5 +i(p"'q” — p'q”) 5—=5Ws

2 112

and Wi = Wiz, Q?)
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ep scattering in general form

Cross section for the ep scattering is do oc L WHY

pr " had
violates parity => 0 for y* exchange,
where / antisymmetric, appears with Z exchange
L % ;u/ J[ 1 prof3 1 V.
WHY — Wi+ —5Ws —ie Paqss—5Ws
m 2m

p f/_n + (pp y_|_q,upv) H5—|—?,(pﬂ v p,uqv)

current conservation / /

W = g, W =0

Ve
2 m2

WY = AP (. p, g Wi (2, Q%) + B (4.p.g)Wa(r, Q%)

after substitution and reordering

d?o 22

drd()? — QA (1 + (1 = y)*) (2, Q%) — y* Fr(x, Q?)] (for Z exchange term xF, see later)
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el scattering (a reminder)

S.Shushkevich, MPIM

Start from the matrix element

g
M =i éz [Ty, u] [0y v]

Average initial spin states, sum final states

e e’ e2e’? ‘
- Z |flf|2 thLiguon) _ i '2(’92_%,_“2)

mew

Substitute % = y—1

S

—ZW e zw +(1 =)

4
spins Q
Finally (with phase space and flux factors)
do  e2e'” o
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ep scattering in QPM

QPM

* incoherent scattering of the lepton
on the partons of the proton

* partfon momentum: p' = xp

Parton changes

charge = {2/3. 1/3, -2/3, -1/3, 0}
u d -ﬂ. d g
center-of-mass energy s — s scaling is assumed

flux of incoming particles 1 — g¢;(z) "density”

Sum over all partons

d*o 2o 5
dmdQQZ TQ_i[ 1_J ZEJTQE
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ep scattering in QPM

QPM

* incoherent scattering of the lepton
on the partons of the proton

* partfon momentum: p' = xp

Parton changes

charge = {2/3. 1/3, -2/3, -1/3, 0}
u d -ﬂ. d g

center-of-mass energy s — s
flux of incoming particles 1 — ¢,(x)

Sum over all partons

d’c 27 (v
de?_TQ4[ 1=y Z ‘

Parton Dlstrlbutlon Function
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F, & F, (and something else)

QPM Proton structure functions
‘o T d?a 271'(1
d:fdQ2 - iQ4 (1-y) Z€ rqi(x drdQ? [+ (1= y)*) Fa(z, Q%) — y* Fr(z, Q)]
* Meaning of £y(x 2621,%

- Bjorken scaling £, (=, Q? )_ Fy(x)

» Callan-Gross relationship Fi(z,Q*) =0

|—> scattering on spin-3 partons
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How F, could look like

d;(x)

0 14
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Fo(x,Q%) =) efrq(z)

i

Point-like proton

Three valence quarks

Just 3 static valence quarks

Three bound valence guarks

ElE
:

3 valence quarks and gluons g

Three bound valence
quarks + some slow
debris, e.g., 0+ qd

Real quark-gluon structure 3
(valence + sea + gluons) 3

NC at H1 : 13




F, results
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F, results

L = 0.000050, i = 21 e H1 ¢ high Q° ]
PR IR ==0.000080, =20 1
0% o SLAC results, 1968
F oo ® o x=0.00020,i=18 ] '
[ o oo x=0.00032,i=17 o Hlep low Q™ ]
o

107 * oo ° x=0.00050,1=16 96.97 . B* a ise
= o — — .
SRS = 0.00080, =15 E 05 - X 10 a 26°
E - 3
- (1. god _ _ - F
C o 50° o vo x=00013,1=14 » BCDMS g 2
B o0 _ - 7 0.4

104_ aonuuﬂ o .- x=00020,1=13 NMC B
E a-" o @ 3
g gao" W x=00032,i=12 3 |"+* s dhax & ‘H:
E o " gooo® ot® 7 03 +
Fo . o qeere— X=00050,i=11 1 o

o a0 oo @ E

103:_ - o ogesse et x=0.0080,i=10 J 02
E o0 ®? =0.013,i=9 E
C oo JPEL anans  H=LALS L= 7 ol x =025
= o0—w ) ] 18"
r ¢.l—¢19° oo gres esaness x=0020,i=8 i

2
10 .‘*“'““ ° 5o R et B x=0032,i=7 1] 1 . . 1

T S L
0. b8 ®=0050,i=6

o o ey ad st B u o .

Lol
<
N
EY
o
@

2, GeV,
o s e R o 9 GV Q2
10 L o8 senmbbond o Sosessaentey s s x=00801=3
PP o eeeeeiittas o #]E x=013i=4

- g B Emm oy R RS S g ¥ F x=0181=3

1L e + b b i S dgany ¥y :{{ 025.i=1 = Scaling GT x ~ 0'15
E 3 oy x=035,i=2 3

= : :

E *‘im%*O +++¢‘*!l . 3 ; } ccod0ict ]

-1 : - .

10 3 i E N (22 (22

; ot s L 5 18 Lmin — 7
10 L == H1PDF 2000 “113 ] H [ wmossiso |2 S 4k L)

; ----- extrapolation ;jt; :I_,SLAC_T ~ U 1 .
o i v = e @ (_.;22 = 10GeV

1 10 10° 10° 10" 10° wHERA o ().00005

Q*/ GeV”

S.Shushkevich, MPIM NC at H1 15



1
0 H1 PDF 2000
A\ ZEUS-S PDF Q=10 GeV*

o3 F CTEQ6.1 : T S

| Universality: factorization theorem
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use in pp collisions (LHC)
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F, is beyond QPM

F, ~ o + o1, F ~ g W

O<§L< F,

longitudinal photon polarization .
QPM Conservation of

helicity and angular
momentum

- e J, =0 J=—1/2 | ..
~r yE O -— /2 1n11tial
ark | VLW aNa e a——
e state
>

q "

= Hinal
q J=H/2 state

pure QCD effect

. ag [LdE |8 [x 2 P J_ WA 2 x e
Fpla, Q?) = 2_”[3 . L (E) Fy(r, Q%) + 4 (Z() (E) (1 - E)/{'g(éf_. (32)]
F_ probes the gluon distribution
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F, extraction

[ @°=120 GeV? d 2 ep
1.5 \ ~

1 | NC dXdQ

10° 102 101 X

Measure o at 3 different
proton energies

E, = 460, 575, 920 GeV

|

/104

XQ

S.Shushkevich, MPIM NC at H1

2
.

X Q*=sxy, s=4E,E, > y= y

F,

2

y

1-(1-y)°

(Xo, Qo)

}FL

18



F, results
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QCD predictions are in a good agreement
with the measurement @ Q2 > 10 GeV?
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xF, appears at high Q2

Z boson exchange accounts at Q* ~ M7 (modification of the lepton tensor)

25 (1% uge!
ToUD) 20 (1 (1)) By, Q) Fi (@) (1 (1)) Fy (1, Q)

drdQ? — 2Q* /
LO QCD: F| small at high Q2 /

Again from QPM from parity violating term W,

rFs(x ZBU Q2 (zqi(x, QZ)_QIE( QZ))

measures valence quarks !

S
Q2 + M?Z sin® Oy

where B?(QZ) = —2e;a;a.P7 + 4a.;_vz:v,9aeP§, Py =

/

vZ interference
Modify F2 also

ZAO(QZ) (rqi(z,Q%) + xGi(2, Q%))
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XF 5 results

H1 Preliminary
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XF 5 results

H1 Preliminary

H1 Preliminary
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Log Q? dependence (small) =>
different Q2 points could be
transported to the same Q?

to increase statistics
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Conclusions

* F,, F|, xF5 - the most general description of
the proton structure

» All three are measured in H1

» This allows to investigate proton and verify

QCD predictions and determine PDFs with QCD
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