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Deep-Inelastic Scattering

Q° = —(k — k')? virtuality of v*, Z°, W=
= Q*/2(pq) Bjorken scaling variable
y = (Pq)/(pk) inelasticity

Q? = zys, /s ~ 320 GeV at HERA
W? = (P +q)? = Q*(1/z — 1) hadronic cms
energy squared

Neutral Current: ~*, Z° exchange
+
d?o$ P

TSy = 20V B2, Q%) F Yoa (2, Q%) — yP (1, Q)] Y = 1 (1 y)?

QPM: Fy =x Y el(q+q), vF3 =21 eqaq(q—q), Fr =0

Chaj[ged Current: W* exchange
et P g% M
dmd(é;? = 2ng (Q2+1\M4/ )2 6o (T, Q%)
QPM: 55 — (i) + (1 - 9)*(d+ 5)
Goc =[(u+c)+ (1 —y)*(d+3)]
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Kinematic Reach: Yesterday, Today and Tomorrow

«  F LHC parton kinematics
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Q?, QCD evolution
In< large DGLAP, BFKL
zg(r, Q%) and a,
x — 0 saturation ? 10°
X
2 .
Q" —s  electroweak physics full z-range of HERA needed
x — 1 probe valence quarks for the LHC
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F> vs. £ and Q?
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Rich and precise data for testing QCD:
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Gluon, Valence and Sea Distributions

~~ L .
% i xg=a#x"*(1—x)**(1+dvx+ex)
~— r FFN heavy—quark scheme
o L
< 17.5 Q*=200 GeV* [ Jtotal uncert.
B cxp. uncert.
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Differences and remaining uncertain-
ties are due to:

® different assumptions

® parametric form of PDFs

09 [ —— H1PDF 2000
E==== ZEUS-SPDF Q°=10 GeV?
— CTEQ61
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® heavy flavor treatment
® consistency of data sets

® NNLO terms
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CC at high Q?: Valence Distributions

HERA Charged Current
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as(Mz) from QCD fits

NLO

H1 as(My) = 0.1150 £ 0.0017 (ezp)
T 0-0002 (model) & 0.005 (theory)

ZEUS  a4(Mz) = 0.1166 + 0.0008 (uncor) + 0.0032 (cor) + 0.0036 (norm)
+0.0018 (model) 4+ 0.004 (theory)

Alekhin  as(Mz) = 0.1171 £ 0.0015 (exp) £ 0.0033 (theory)

“NNLO”
Alekhin as(Myz) =0.1143 £ 0.0014 (exp) £ 0.0013 (theory)

® H1 QCD fitincludes BCDMS (up,y > 0.3) data only
® ZEUS QCD fit includes BCDMS, NMC, E665, CCFR data
® consistent a(My) values

® theory uncertainty (and value of as(Mz) ) much reduced in “NNLO”
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Gluon and Open Charm Production
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® scaling violations from F, and
from charm agree

® FS°/Fy ~ 30% at low x
— treatment of charm in evolution
Important
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Rise of F5 atlow x
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Rise of F; atlow = — (0F;/0Inx)g:
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e )\ ~ const. at fixed Q? (z < 0.01)

e N0 change of dynamics observed at low x
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Rise of Fy: A(Q?)
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change of behavior at
Q? ~ 0.5 GeV?

soft Pomeron lIimit A =~ 0.09 from
energy dependence of hadron-
hadron total cross sections
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Gluon atlow = — (8F,/01n Q?),
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® data continues to rise towards low x
. . . : 2
® consistent with QCD fit (Q? > 3 GeV?) however, negative gluon at low x , Q
® no obvious sign of saturation — Fr
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® F, o) ?+0in QCD
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Inclusive Jet Production in  ~p

H1 inclusive jet photoproduction Z EU S
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® Jets with Et ;. > 5 GeV (H1) and > 17 GeV (ZEUS)

® QCD in NLO describes data over 4 to 6 decades within exp. and theo.
uncertainties = extraction of o
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as(Mz) at HERA from F;, and Jets

th. uncert . _
> 0251 « ZEUS (82 pb™) (indlusiveet yp - p=Ei%) e 1 Inclusvejet crosssectionsinyp
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® Bethke 2002: as(Mz) = 0.1183 £ 0.0027 H1 (Eur PhysJ C 19 (2001) 289)
- we+i INClusive et crosssectionsinNC DIS
® good agreement between different measure- RS (PfjlysL et B.547 (200) 160
ments e Dijet crosssectionsin NC DIS
® exp. uncertainties often smaller than theoreti- ZEUS (Phys Lett B 507 (2001) 70)
cal ones o World average
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® NNLO calculations on the way e
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Forward Jets and Parton dynamics at low «

evolution
from large
to small x

"forward’ jet
_ Eje

X. = |large
1t Eproton

M
U
Different approximations for multi-parton
emissions:
® DGLAP: ordered in p;

® BFKL/CCFM: ordered in energy/angle

Mueller-Navelet: study forward jets —-
with pf ~~ Q2 and zje; >> Tpj
— suppress DGLAP, enhance BFKL

5 < Q? < 75GeV?

forward jet def. by incl. k; algo.
70 < Qjet < 20°
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«< 250
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__  NLO dijet p.=
— NGt HQ
...... Cascade set 1
. Cascade set 2
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X

= DGLAP fails at low =x
= CCFM ok, sensitiveto zg(x, Q?, ki)
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Parton Dynamics and Dijets at low x
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® HERA provides rich inclusive data, covering 5 decades in Q2 and z, with
a precision reaching up to 2%

® pQCD (DGLAP evolution) very successful in describing it, allowing ex-
traction of gluon & a,(Mz) and pdfs

® exploration of low = & (Q? region with not yet understood results:

® abrupt break in energy dependence (o o« W?2?*) from \ x In Q? to flat
at Q% ~ 0.5 GeV?

® strange behavior of gluon (flat to even negative)

® but no change in dynamics observed down to lowest « & Q* in (0F,/01n Q?), and
(Oln F3/01nx) 2

® [ starts to discriminate between models, but exp. errors large

® observed signs of parton dynamics different from DGLAP expectations in jet physics

HERA and detectors have been upgraded; background limitations appear
to have been overcome recently, lumi is climbing, ZEUS and H1 are on the
way to take lots of data !
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