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- transition region with photoproduction Q% — 0
» Fy in Next to Leading Order and DGLAP evolution
— determination of FJ,

- extraction of Fs°

> measurements of the gluon density zg(z, Q?)

the gluon density from jets

- jet shapes in DIS

- measurement of ag:

from integrated jet rates
from differential jet rates
from event shape variables

d | QR y
1121l /

influence of xF3 and Z° exchange

> Neutral Current cross-sections, high

» Charged Current cross-sections, W-mass
-+ NC/CC = ratio u/d quark densities
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DIS Events at HERA

Low Q2 low z event
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Deep Inelastic Scattering at HERA

Q2 — _*__q2 — —(k _ ki)2

4-momentum transfer

z=Q%/(2p-q)
parton momentum fraction
y=p-q/(p-k)

fractional energy transfer

W2=(p+q)?~Q*x

mass® of hadronic system

Structure Function F5 in Quark Parton Model:

2 et 2
Céxizcgg = %r% 1+ -2 Fy(z, Q%) (1 +8gzp)

Related to the parton densities:
Fy(x) = 2357, e (qi(2) + ()

Longitudinal Structure Function: Fy = 0 in QPM
(Callan-Gross relation)

ooep + QED radiative corrections are precisely known (=~ 1%)
and are corrected for
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Kinematics and Measurement

z _ E . 26 2 _ o1 26
e Electron Method: Ye =1 — g=sin™ Q: = 4E FE.cos”
most precise at low x but very sensitive to QED radiation

poor x resolution at low y, but good @“ resolution in full range

2.:.,2
e > Method: Ys = E—{-Eé(?——cos@e) Q‘zg = EIS_II;EQC
good z resolution also at low y
independent of QED initial state radiation
e ¢ Method: Tey, = Ty 32 — Q§
precise over the whole kinematic range
= extension of the measurement at high x
e Double Angle Method' SL‘DA QzDA from 96,%
high precision at high @2, but sensitive to QED radiation
independent of energy scale = used for calibration
pz
e Hadron Method: Yn = 226 Qf = 1—_—_%

low precision, but only method for charged current

¢ (z,Q?%) binning: 5 bins/order of magnitude in
8 bins/order of magnitude in Q?

e Purity and Stability of the (z,@?%) bins > 30%
e Background Subtraction (Photoproduction)
e Luminosity known within 1.5 — 2.5% at HERA

e QED radiative corrections applied

d*o 2
= 75007 Born measured at fixed z, Q)

after bin center correction
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F5 Results at HERA '94

1994: £ ~ 3 pb~!
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Strong rise of Fy(z, Q%) at low z for a fixed Q*
Good agreement between HERA and fixed target exp.

e NLO QCD (DGLAP) fit gives good description
down to Q% = 1.5 GeV?

e Systematic errors ~ 5% dominant, except at high Q?
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Inclusive Measurements in (x, Q?)

- 105 LRERsRaREREE 7 TTTT] T T T T oI
> :
3 : HUZEUS 1994
= 0 4; D ZEUS Preliminary
F . H1 94-97 prel.
~ [ H19 ISR prel.
1034 . H1 97 prel.
2 H1 SVTX 1995
3l ZEUS SVTX 1995 ARy 4
1075 23 ZEUS BPC 1995 £ I ,
10 - | BCDMS )
1 = B
al
10 3
C e’ i | | .l
0*  1w® wt 1w 1wt ! 1
Hi+ZEUS:
oz =< 1075 test low z limit of pQCD
o z — 0.65: probe valence quark region
e y — 0.005: overlap with fixed target experiments
ey — 0.82: sensitivity to F7
e Q? =5 0.1 GeV?: transition to yp

e Q? — 30000 GeV?: sensitivity to electro-weak effects
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Access to the low Q? region

Q* = AELE. cos(%)

1. shift of the interaction point Q% — 0.35 GeV?

DO

. low angle detectors Q% — 0.1 GeV?

BPC-modules

ZEUS: BPC (1995)
H1: VLQ (1998)

z Interaction point ot

3. radiative events
Q? — 0.2 GeV?
higher x
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Cross-Sections at low Q?

A1
02
Q*/z at low x

U;Y;tp(WZ ) Q2)

Y'p Y'p
oy —I—UT o~

Fy

W2

&

= comparison with yp data

e precise data from ZEUS and H1 on ¢77 (Q* =~ 0)
and o7'? at low Q? (~ 0.1 — 5 GeV?)

e 2 paradigms:

— pQCD at very low Q2 as in the GRV model, in
which the DGLAP evolution starts with valence-like
partons at Q3 ~ 0.4 GeV?

— Regge approach as in the Donnachie-Landshoff
model in which o4, 0c W?%P ap is Q? independent
and determined from hadron data (’soft Pomeron’)

e interplay of pQCD < Regge phenomenology ?

How does the transition take place?
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Transition when Q% — 0
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e Smooth transition to photoproduction o, ® »

e Constant Cross-Section up to Q? ~ 0.1 GeV?

e Change of behaviour Q% ~ 0.1 — 1 GeV?

e Iast decrease in the pert. QCD regime Q*21 GeV?

\ T 7
NG |

= good deécription in transition region,
BUT no real theory
e New Measurements at Q0.1 GeV? foreseen at HERA
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Models for Transition DIS — ~p

o at high Q° perturbative QCD (i.e. GRV model)
describes the data

o at Q% = 0 the Regge approach (i.e. DL) is valid

How can we model the transition region 7

e Badelek and Kwiecinski (BK)

p, w, t from VDM plus

pQCD above Q* matching value
e Schildknecht and Spiesberger (ScSp)

(Generalised \f’DBrI—ﬂlOd@l fori_
0<x<0.05, 0<Q? <350 GeV? and W>30 GeV

™ ' . s
i s i I . .
nu * 3 but with U° dependel (
Regge )CD mspired parametrisation
- «:3
] \ .
ad Q)
L \of

o Adel, Barreiro and Yndurain (ABY)
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Comparison to Photoproduction Q% = 0

Check the different models over the full W range in ~yp:

is_ e HI1vyp —— SchSp ——ALLMY7
=3 » ZEUSyp - BK e ABY
o .»
250 " o fixed target yp
2
- Q=
200 |
150 |
100
50
| B S| 1 . 1 1 |||||l| . 1 | N N N T
10” 10° w0 w0’
WTGeV™]

e only recent ALLM97 parametrization reproduces
DIS and «p cross section over full W range

e ABY, SchSp and BK have wrong W dependence
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Comparison to Photoproduction Q*~0

ZEUS 1995 Preliminary
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e GVDM fit to the BPC data allows extrapolation of ef
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Fy(x, Q%) at low Q?

o Fy still rises at Q? = 0.11 GeV? and x=6x 1075,
but less strongly

e pQCD (i.e. GRV) describes the data at Q?2 1 GeV?

— transition occurs at much lower Q? than expected
e DL Regge Model (Soft Pomeron) too low at low z,
even at very low Q2
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Transition Region: &~

A

Fit effective z slope at fixed Q*:

dln fa

A R

= precision with H

How is A decreasing
Soft Pomeron at Q*
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Fy(x, Q%) at Intermediate Q2

New high precision measurement with the 1997
data, based on £ ~ 15 pb~! (H1):

1 statistic O
| 2 < Q% <100 GeV*
1 systematic

AN A

Mailn error sources:

5E£’ie = 0.5% based on the kinematic peak
égﬁ = 3% based on pr balance pr./pr.
En
1 —-2%
< 1%
1-2%
1-2 %

» slightly bigger errors at the edge of the phase space

Precision Measurement —
Test of NLO perturbative QCD
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DGLA‘P Equations in QCD

#

Leading Order: Fy(z) =z (g + @)
NLO MS : F(z,Q%) =13,2,eC,R(q+q)+C®y

Tqns = Zfzf] (xqgi — TG) = TUyal + Tdyal Non Singlet
2

7Y =S (zq; + @) Singlet

zg(x) Gluon density
9 s °
=qns(z,t) = %JP;;’S ® QNS(?/, t); t=log%

Q Z(,’B,t — Qg t qu qu )Y 1t
ot (g(m,t))) o —2‘&'—1 (qu ng) ¥ (g((:gat)))

+ Splitting Functions F;, known to NLO
— Coeflicient Functions C ..o known to NLO

— DGLAP predicts Q° slope of F(a Q%)

for given parton densities at Q? = Q%

No prediction on the r dependence at Q;
— must be obtained from a QCD fit to the data
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H1 and ZEUS NLO-QCD fits

w

u,d,s massless partons

¢ from BGF calculated at NLO (Riemersma et al.) in MS
m. = 1.5 GeV, scale u? = Q* + m?

Full treatement of correlated systematic errors
Theoretical uncertainties from a; and m,

Momentum Sum rule: fol drzr(g+%¥)=1

Quark Counting Rules: fo dzr u, = 2, fo drd, =1

Assume i = d s= 20% of total sea at Q3
Discard data with x > 0.5 at low Q?
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e ZEUS ZEUS 945data with Q* > 1.5 GeV?
~ NMC p+d data
- Q% =7 GeV?
~ as(M%)=0.118

* H H1 94+95+96fdata with Q* > 1.5 GeV’
— NMC and BCDMS p+d data

- Q2 =1 GeV?
- as(M%) = 0.1184 0.05
- Dg—-*o
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F5 and perturbative QCD
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e Good description of the data by the NLO DGLAP fit
over more than 4 orders of magnitude in z and @
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Scaling Violations of F3
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Fy(x, Q%) vs Q? at low Q?
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Fy(x,Q%) vs Q* at medium Q2

ZEUS Preliminary 1996-97
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Fy(x, Q%) vs Q* at high Q?

ZEUS Preliminary 1996-97
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Fy(z, Q%) vs NLO QCD fit

a? | H1 97 preliminary -
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o I assumption based on QCD fit (small influence)
e Precision: ~ 1% (stat) 3-4 % (syst)
e DGLAP describes the data very well...

...even at low Q? and low z!
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Scaling Violations at Low @

H1 97 preliminary
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o Large slope dF;/dIn Q? at low z which stops increasing
at z ~ 1074
e Scaling violations due to large gluon radiation at low x
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Towards Scaling at € ~ 0.1
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e Precision on F5 at HERA now comparable to
fixed target experiments (few %)
o Good agreement between the measurements of

the fixed target experiments and HERA

e Scaling at x

~ 0.1 observed up to 5000 GeV?
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Scaling Violations at High «

‘E“{:' 0.5 S —— — _— T e SR AL
0 NMC e BCDMS A SLAC A
® H1 94-97 Preliminary -
04 B
- —— NLO QCD Fit
: _
| ++ T |
03 T eg
W
\+'*\H 1
02 |- Hd } |
x=0.25
0.1 L L1 IIJ'Ii i 11 Jlllll_....l i.f\ll.JJJl... A, L llllll.]. ...... S T -
) 3 4 5
1 10 10 10 10 10
O’ 1GeV?
2o 0.3 —r—rrrrrge T T T
0 NMC ® BCDMS A SLAC
4 5
- *\‘\Q ® H1 9497 Preliminary -
% , NLO QCD Fit
02 - | -
PN
eIt |
+\‘\.‘!
.
+‘ " J .
i | T
[ 1 L [
LT T
0.1 | N Ll, F o :
. |
x=0.4 }
0 ; 1 11 IIIII| 'l 1L lIIJIj i Ll |Jllll - - l...".III.JlJ e L L
2 3 4 5
1 10 10 10 10 10
O 1GeV?

o Still large statistical error at high x, which is reachable
at HERA only at Q?2100 GeV?

e Good description of the data by NLO DGLAP fit.
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Extraction of Fy from Cross-Sections

with k = Z4Y% and Y, = 1+ (1 — y)?

Qix
_ Yy, fit 1 d*c®®P
Fr = 2 (F2 k dzdQ?
2
2. :
o i Q= 12 GeV* i Q* = 15 GeV?
15 | C
1
05 | :
Q | | | 1 | ,:,J |
= V2
s I =250 & H1 97 prelim
ot o H1 96 prelim
. L H1 94
i FLZO
0.5 .—_ ...... FL=FLQCD
F=F,
0 ] lul l I 11l u | l 1l
ot 100 10?2 10t 10 107

DGLAP NLO QCD fit to F, (H1-94..97, y < 0.35)
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8o /0 In y: sensitive to Fi

H1 preliminary

205 [ - - |
040§ trart— By " -
'8 o F NF -
-05 [ = -
1 L Q=3GeV? b o=6GeV? ~ Q’=10GeV?
-1.5 - L1l 1 l[llli:-lw_.,i Ll 1 L_|-.J|I'1;Ch L1 1l L JJlIJ:'-lJ
0.5 -
o C L
o ;,1 oo *‘“"*h‘\é ?4—*’""7—*4\'&
z \,\ \k - R0
-0.5 ; lt ; ‘ B FL‘“’
-1 [ @P=18GeV’ C Q*=30GeV* -~ F.=F,
-1.5 — Lol L i1 ll::li; Lor iy L I,-J.EJJ.
107 10" 1072 107" :
Y
at fixed Q2%, we have:
A
80' . 8F2 F 9 9 2 — y 8FL y2
— — i L . y .

dlny Olnx Y? +61nx‘Y+

assume 0F3/0lny = Alny + B

Straight line fit to Od5/dy in Q? bins at y < 0.2
(This approximation has been checked with the QCD fit)
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Determination of the Longitudinal s.f. Ff

Two methods used for the F} determination:
The subtraction method (e) and the derivative method(x)

- 2 2
b - & H1 97 preliminary - ® H197 preliminary
1.5 —] 15 | //
- / - ~
i / Fu=F / — F=F"
1 :n-/-" 1 j‘ T
0.5 0.5
- 1 + : ‘ * - T R
#r
¥ T | J[ J{ . |
1
O i I 1 |Js|L L 0 A I i 1 L |||
10 10
Q> /GeV? Q? /GeV?
y=0.68 y=0.82

e Extracted F; compatible with QCD prediction

o Good agreement between the two extraction methods,
which use the same data but different characteristics of
the F, and F; behaviour.

- QCD

> Fp?

e Slight tendency of F/'! at the highest y

Future Measure F; Directly by Changing Beam Energies
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The Charm Contribution to Fo

ZEUS 1994 (preliminary)

5 z a
- X=000016 x=0.00025 X=0.0004
05 b 3 3 A
f  X-000083 | X=0001 B X0PC, L ELNOO® L
O F o004 x-0.006 E X=0.01 E x=0.016
1.5 | - E - -
E E F EJ U T N O R
F E F E x=0.2 |
3 3 3 il
0 :u Loy I -:1 [ R T - :1 [ R R S
¢ 2 0 i 0 2
d 10109(02)
— By =F" 4+ F5  ---F= F””s
7.9 C
427 e F5 from Boson-Gluon-Fusion
generated dynamically
m. taken into account
s e charm contribution up to ~ 25 %
et ~
g, xP o

Clan we measure it directly?
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Charm in DIS

Select in DIS sample (1 < Q% < 600 GeV?, 0.02 <y < 0.7)
D*t — D7t — (K—7nt)n™ 4 c.c.,with
M(K7): 1.80 — 1.92 GeV ; M(Krr) — M(Kr): 143 — 148 M
1.5 < pr(D*) < 15 GeV,

= o(ep —» eD*X) =8.55 £ 0. 407059 nb

ZEUS PRELIMINARY 96-97

= o = f

3 £ .l £20 -

> g4 5 -

< S >

& © S

~

=)

-D -

10 |
L I 1 R N |
1 p«(D") H8ev)

~0.08
> -
[+ L
O I
0.06 |-
E ::
30.04 '_
b L
o

0.02

1 1 l 1 L 1 1 | 1 1
2 100 200
w (GeV) 10910Q2

= agreement with “massive” NLO pQCD calculation
except

high-n ? low-2(D*) 7



|
- G. Bernardi, SS1 1998

Measurement of F. 2"5:

d? OceX — 2m«

= Ze[1 + (1 - )5 (2. Q%)

dz dQ?

2

Extraction of /* requires: extrapolation to full {n, pr} range.

fragmentation functions ¢ — D

<¢ is small and neglected

ZEUS PRELIMINARY 95-97
g [ T -
06 - Q?=1.8 : 4 N 7
25 | s
04 | L L
TN \{\
= — B . - =
o [ ﬁ:““—-d " I saud. .....d :H‘F-:“ | um_-l‘u.u.s-“- T
“r " 80, 30
12 L L 28 |
“ra z { I ﬂ
| .I'.. l |
A \ | .§\ |
02 | _ r
ii}_\ \ i s
0 _J . P ) E o e
' i ! 0t e’ «
“r Ly eof L1130
r 55 Lo 170
a4 = . JEUSOF
! b O ZEUS Semiieptonic
“t ; b i ZEUS NLO QCD
[[Y SR . ! I ,wu__u____‘m_ [ GRW94HO
10° 107 105 107 y m, (1.2-1.6)
e Precision ~ 15 ()

e dignificantly more precise than earlier measurements

i

e Steep rise towards small r — gluons

e (Good agreement between direct measurement and

=4

indirect prediction from perturbative QCD
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The Gluon Density from the Charm

ED 20 H1 preliminary
e D (DIS)
* D (yp)
~ QCDfitto F,
10 I u2=25 GeV’/c’
O 3 2 ] 0

log x

e The extraction of the gluon density from the direct
measurement of the D* production cross-section in DIS
is in agreement with the gluon density obtained from
the QCD fit to the inclusive cross-sections.

e Similar result from the direct measurement of the D*
production cross-section in photoproduction.
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The Gluon Density from NLO QCD fit

- 35
e
B 2 2
ol i) NLO QCD fit Q" =20GeV
s0 L% a M)
. H1 1995496 (0.118+0.005)
) (preliminary) m_=1.3- 1.8 Ge}
25 P\ T ZEUS 1994 (0.11320.005)
: “J (preliminary) m=1.3- 1.5 Ge\{
I ] NMC (0.113)
20 | ‘
— MRSRI1 (0.113)
15 |- -= CTEQ4M (0.116)
10 GRV94-HO (0.110)
5 -
0 o wrenl| i |
10 107 107 10" 1

steep rise of rg for decreasing x

=

good agreement between H1 and ZEUS

» error band takes correlated systematics into account

, precision at z ~ 5-107% ~ 15%

-H1 and ZEUS are consistent with MRSR1 and CTEQ4M
- GRV too steep, but uses a lower ag value

&

%
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Gluon and Sea-Quarks Densities

ZEUS 1995 Preliminary

60
40 } V74 xg
N
20
0 A ™ el
Illllll 1 Illlll]i 1 |III!II! l_l_fllllll 1 L1 111t
Q’= 7GeV?
30
20 2
10
0o B :
_ll].lll 1 1 illll.l[ L L lllllll L ll.ll].l].l 1 1 Ll 1ll
i Q’= 1GeV?
s |
7 I//Ml”::;._
0 /é/;///}%' m __________
? : -—"“:- i Illl]l l L 1L Llllll Ll ]!ll!l |
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The Gluon from the Dijet Cross-Section

d20' i 2
= deé? with €=z (1 n %u)
. d?o
o dxdQ?

data 200 < Q% < 5000 GeV?

| NLO QCD fit u? = 200 GeV?

a(M,)

S

X G(x)

12

10 I | H1 dijets
\ (0.119 + 0.005)
L\ — - MRST (0.1175)
N\

- CTEQ4M (0.116)
~ GRV94HO (0.110)

= H1 F, fit (0.118+0.005)
! (Jerusalem '97)
4}
2:_ [ L]
- H1preliminary Sl
: | 2 | | - 1
10 10

( ri L1011 -:!_:‘-f[p_\-.iii sjti_ai_:t"'_'s-:' 1sistent \_‘53':‘.' ! letermined
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Jets at HERA

o Jets

— Gluon density from jets

— Jet shapes in DIS

— Measurement of ag:
from integrated jet rates
from differential jet rates
from event shapes

Processes in O (ag)

p P

Boson—-Gluon—-Fusion QCD-Compton
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Jet shape variable

o U(r): average fraction of transverse jet energy contained
in a cone of radius r

e by construction: W(r =R) =1, Y(r=0)=0

Jet selection

¢ (CDF) cone algorithm, cone radius R =1

e the jets are constructed from calorimeter energy deposi-
flons

o —1 < N <2
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Comparison with ete™ and pp

ZEUS Preliminary

Y
b B
[ L i o ©
ot
0.75 - ¢
0.5 i * ZEUS NC DIS (e*p) (37<E"<45 GeV)
B V ZEUS CC DIS (e*p) (37<E<45 GeV)
i B OPAL (e*e™) (E>35 GeV)
0.25 -
- A CDF (pp) (40<EF'<60 GeV)
i @ DO (pp) (45<E®<70 GeV)
O_|I}I|¥|Ili|||IlllIl|5|||i||||I|I‘-i|||||||i_.l_._L_§Jl||
0.2 0.4 0.6 0.8 1

e sclection of jets with comparable (transverse) energies
ZEUS (DIS) and OPAL: mostly quark jets
CDF and DO: mostly gluon jets

e jct profiles from ZEUS are very similar to OPAL

e jct shapes from ZEUS/OPAL are significantly narrower
than those from CDF /D0
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Comparison of DIS and Photoproduction

ZEUS 1994 Preliminary —— B, > 14 GeV

Rl . .
. s88° 8 8®
o 2 ® O
o e 0
08 e O - e
© Q
0.6 - ; @ ZEUS NC DIS . @ ZEUS NC DIS
O ZEUS 7p Q O ZEUS yp
0‘4 (-
0.2 | -1 <7< 0 B 0<7*< 1
~ 0 '
< L u
o o
L 4 0 ? O
0.8 |- 4 ? O
: Q
* Q ? Q
0.6 ¥ o @ZEUSNCDIS ~ ¢ Cezeusncoss
O ZEUS yp Q  OZEUSyp
0.2 1<7"< 1.5 L 1.5< "< 2
0.5 1 0.5 1
r r

average over jets with £, > 14 GeV

e clcar diffcrence between jets from DIS and photoproduction
e diffference increases with 7/

e interpretation: gluon jets from resolved photoproduction
dominant at large n/¢
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(JADE) Jet Algorithm

e rcmove scattered clectron:
add missing momentum ‘pseudo particle

successive combination of pairs of particles/clusters

4+5

A
A
’e ::f,

5&/4 !
L L Pt
Y 7

e which particles are combined 7

‘distance/resolution criterion’ (_i‘fj JADE: d?j = 2E;E;(1 — cos 0;;)

e in which way are the particles combined ?

‘recombination scheme’ JADE: peoms = pi + pi

e when does the iteration stop 7

integrated’ jet rate: no pair of particles/jets is left
with &2 /W? < yeur: Ro1(Q?) = No1(Q%)/Nprs(Q?)
‘differential’ jet rate: (2+1) jets are left; yo = min d?j JW*?
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'Integrated’ (241) jet rate R2+1(Q2)

H1 preliminary

~ 0.14
O
~ ® DATA uncor H 1
o112 F ¢ DATA cor
x NLO A,=150 MeV
------- NLO A,=400 MeV  ceeebummnnneeen,
ctr ]
o8 r i {
0.06 +
. f ¢
0.04 '
3 L
0.02
o L—— laauu 5 | 3 et
10 10 10
Q* [ GeV?]

s the method

e Correction factors for detector and hadronization effects
are (still) large: ~ 1.5 — 1.9

o Ry.1(Q?) rises with increasing Q*:

}€2+1(Q2) - ‘A(er ycutpS(QQ) + B(QQ: ycut)a%(QQ));

e Choice of renormalisation scale p% in bin i is (Q*);

in particular at low Q?
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'Running’ of ag(Q?) from Ray1(Q%)

H1 preliminary

~ 0.25
o~ s
% : H 1 ® DATA
= ! —— Fit range
S Fit result
------------- Fit result =10
02 1
0.15 |
0’1 M i 51 L P LA ld N L33 2131
10 10° 10° 10°

. Q*[ GeV?]
e result of oy fit to Royq:

4 values of a.(< Q* >) corresponding to 4 bins of Q-
e systematic uncertainties are largest af low ()*
o (still) large statistical error at very high ¢°
(A, ~ 10% for 700 < Q% < 4000 GeV? )
e unambicuous demonstration of ‘running’ of ay is not (yet)
possible
. n =)
e averaging over [ull range ol Q<. we get:

as(Mz) = 0.115 £ 0.003 (stat.) 0098 (syst.)
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'Differential’ (2+1) Jet Rate

e differential 3—jet rates have been studied in much detail n
ete~—annihilation

e this is the first study of the corresponding variable in ep
- ' 2
ete™: fized s < ep: range of Q-

e 15 is complementary to Ropg () at fized jet resolution
parameter Ye,

dRoyy _ _ 1 . dNeyy ., 1 dN
Yeut m dycut Niot aﬁg

e only the combined study of y» and Ry, (Q?) gives the full
picture of (241) jet rates at HERA
5 ¢ . g ¢ 5 T2
e analysis is restricted to Q% > 200 GeV?

= reduced systematic uncertainties due to:
suppression of initial-state QCD radiation:

within a given Q* range: —

improved containment of jets in detector:
better knowledge of parton densities at high x:
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o, from Differential Jet Rate

* HI preliminary

. e MIEPJET (A = 600 MeV)
g e MEPJET (A = 100 MeV)
s —— MEPJET (A =320 MeV)
: I
4
3

-

1/Np,s dn/dy,

1.4 L

0.118 4 0.002(stat) 9 o0a(syst) o 00e(theo)

corresponding to A% = 320 £ 33 MeV

i | YW | 1 5 B % 1 I |} . i . . " = i s F e o
A £ 3 P 3 11 v 1 8 ) aAnel .y Yyor i Tl 13T <3 AROMAAYi
® LUl 111 NLU 4dlld COLIeCLeUd Udatd agl et

e largest uncertainties ¢
— the model dependence (LEPTO, ARIADNE, HERWIG...)
— the parton densities

— the renormalisation scale ambiguity
(uh = Q?> - 1/4 and 40?)
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DIS Event Shapes in the Breit Frame

e Phase Space in the Current Hemisphere of the Breit
Frame for ep — e X Events:

Q/2
e Phase Space in one Hemisphere of ete™ — ¢ g Events:
V5/2

= Is there a relation between e¢p Scattering and
ete~ Annihilation concerning Event Shapes

at a Scale:
QD[S — \/See ?

Electron-positron Annihilation DIS in the Breit Frame
W e -
[+ h
3 | ~
o 1 \ C
2 Y Z/ Y D]
/Y\N / a9
#ZZaN .
~
(@) L . . time
[ +
o c
€
/
L9 - q q ——"\ N\ <
/ _—
- qq
(b) b,

CURRENT TARGET
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Power Corrections and as(Mz)

e Q or energy dependence of event shape variables
(i) change of strong coupling constant  as(Q) o< 1/In(Q/A)

(ii) power or so-called ‘hadronisation’ corrections o< 1/Q

e Mean value of any infrared safe event shape variable (F’)

(eg. F=1-T,, (1 - T.)/2, Be, pc)
can be written in DIS ep and in ete™ annihilation as:

(F)y = (F)*7 +(F)>°
— Perturbative part:

(FYP™* = c1a.(Q) + c2 az(pR)

— coefficients ¢;, c2 from O(cxs) DISENT calculations

— Power corrections:

16 pg Q | -
FYPoV — BI P X
() o 2 [ao(ur)
Bo (1, & 2
— s — 1 o
@ -2 (n L1 L 11)al@
Dokshitzer, Webber: 1/ corrections not necessarily related to

hadronisation. Power corrections may be due to a “universal” soft gluon
phenomenon associated with the behaviour of the running coupling af
small momentum scales. “Universal” means that they could be expressible
in terms of a few non-perturbative parameters with calculable process
dependent coeflicients ar and p.
— contain a non-perturbative parameter  &o(pur)

to be evaluated at some ‘infrared matching’ scale: A < pu; < Q

e QCD Analysis of (F) — &o and as(Mz)

— Power corrections o< 1/Q  for all (F')

— Universal power correction parameters &o for all (F)
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Event Shape Variables in the
Breit Current Hemisphere

e Thrust T,

T. = max Zhlph'ﬂT' nr =
Zh | P |
e Thrust T, closer to et e~ annihilation
T, Zhiph'n| _ E;L|ch| .
Zhiph—l Eh|Ph|
e Jet Broadening B.
B Salpexn| >, pLal _
C —_— n —
2Eh|ph| 22;;,|Ph|

e Jet Mass pc

M? . (Eh Ph)z

= thrust axis

hemisphere axis

hemisphere axis

he @ - @
ZEUS Preliminary 1995-1997 ZEUS Preliminary 1995-1997
R @ 0.0006<x<0.0012 | o | e ' ]
":,' ] ® 0.0012<x<0.0024 v ]
05 4 0.0024<x<0.01 i
row v 0.01<x<0.05 =Ly 4
) e H1(94-96) t
i 03} %
04} L]
- 4
_ } 1 025 - ‘ l
03 t
| 5 0zl il
|
I . } i+ Jr
02 015} ® 0.0006<x<0.0012 f
I | ® 0.0012<x<0.0024 f
e ] o4l 4 0.0024<x<0.01 l
$i | | v 0.01<x<0.05
oos| ® H1(94-96)
o L I1u 1102 n L -10 - i |1|02 B
€Q> <Q)
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Results of QCD fits and Conclusions

Observable ao(pur =2 GeV) as(Mz) x* /ndf
H1 ep data

1-T. 0.481 + 0.005 10252 0.123 £ 0.002 19007 5.1/5

0.036 0.005

(1-T,)/2 0.492 £ 0.010 -39 0.115 £ 0.002 *5-907 8.1/5
(Be) 0.375 4 0.008 *9-039 0.116 £ 0.002 +3-997 5.3/5
(pe) 0.454 + 0.009 £3:925 0.130 & 0.003 +9:997 2.8/5
common fit
T.+ T, +pc 0.491 £ 0.003 70072 0.118 & 0.001 F2:9°7 39/19
ete™ data

(1—"T.e) 0.519 + 0.009 +9:993 0.123 4 0.001 +5:907 10.9/14
(M3 /s) 0.580 & 0.015 3239 0.119 4 0.001 F9:904 10.9/14

e First Analysis at HERA of the DIS Event Shape Parameters

1—T¢c, 1 =Tz, Be, pe in the Breit Current Hemisphere with the
coverage of a large range in () = 7 + 100 GeV in a Single Experiment

The Event Shapes become more collimated with rising Q as expected.
and give consistent results. They are compatible with a Universal
Power Correction Parameter ¢ ~ 0.5 within +20 %.

The Strong Coupling Constant «.(Mz) and &, are simultaneously
determined independently of Fragmentation Models using O(a?)
Calculations of DISENT and MEPJET.

The comparison with eTe™ Experiments shows that the Q Dependence
of Thrust and Jet Masses is in gross agreement despite differences in
the underlying Physics and the analysis methods. The same Power
Correction Parameters @, are found within +20 % of e p results.
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- Summary of aug determinations from
Hadromc ﬁnal states at HERA

— Power corrections
il <1-T,>/2 published
il < 1..'1" > published
i < Bc > published
o, < Cc >
o <pg >
_______________ IR <po> published
R,., (@)
S — JADE
P E o sys. errvor taken from JADE (M.W.)
e e P sys. error taken from JADE (M.W.)
Y2
SRR " E sys. error taken from JADE (M.W.)
. P E o sys. error taken from JADE (M.W.)
S — | P sys. error taken from JADE (M.W.)
.......... L e
0.1 0.11 9.12 0.13 0.14
a,(Mp)

e impressive progress in study of hadromec final states:

largely increased data samples: improved NLO programs
improved MC models: many new analyses

® many open questions are waiting to be answered and fur
ther improvement is to be expected
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DIS Events at High Q?

High Q? Neutral Current (NC)

P

e =
27.5 GeV 820 GeV

& P
820 GeV
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' Electron Energy Calibration

¢ In situ e.m. calibration of the LAr calorimeter using

Double-angle method and w-method for NC DIS
Double-angle method and Pr balance for QED Comptons

6= 20° 30° 40° 80° 120°  145°

(=]
=1

¢ : : : { v DIS2a
go.m_' ; : ; . ® DIjo :
3 : ; : : v QEp Comptl'pn 2a
€ 0.06 | i ® QEp Comptpn P,
goml
= L
3 0.02'_—
P |
o B
g of
w :
-0.02 -
0.04 [
0.06 |-
0.08 | | : e ! : .=
- F  FB2 : FBY | CB3 : CB2 : CB1 | BBE
0.1 IR TR NS - -y .
5 10 15 20 25

LAr regions: forward to backward

e Backward LAr wheels:
= 1% precision for # between 80° to 150°
e Forward LAr wheels:
Consistency from various methods
using NC DIS and QED Comptons
= (Calibration scale improved.
= 3% uncertainty only limited by statistics
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5

'Hadronic Energies

225000 % 5000

$ 3500F | g

33000 ! <4000
25001

b
o
(e
o
|
’“’l‘-ﬁ_‘ﬁ_.‘
-

!I'I!]JIT'II[I!I!IIIiTTlTTT'I

;
1000 k&\‘_‘
0 ¥ il RN B B N O i
) 2 40 50 60 70
:,hac/Pr,e E'Pz
- £ 100F P, >50 GeV
- S e
g = g0k
o 60
? 401
i 20
- : ¢
0_ N ! O- doa 0
0.5 0.75 1 1.25 1.5 40 50 60 70

Pt, ha/ Pt,e E-p z

e Hadronic scale is being precisely calibrated
using the electron as reference

e Width and scale of the hadronic distributions
well described at low and high P
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do /dz at Q2 > 1000, 10000 GeV/2

= 3000
Ny %>1000 GeV?
~ rooQ> ® HI Preliminary Data
2500 | . ’
3 —— NLO QCD Fit
<
Sl IR NLO QCD Fit _
R y exchange only |
1500 -
1000 -
500 |
0 _2 1 1 1 1 1 L 1 1 | l 1l 1 1 1 1 3
10 10 1
X
) 9 n
S ?>10,000 GeV* ‘
8 L Q">10, ® HI1 Preliminary Data
RS 7 E — NLO QCD Fit
o}
™ B A NLO QCD Fit |
L y exchange only
51
4t
3 F
2 F
1 -
0 | Loea daaaa da v b 5y

0701 02 03 04 05 06 07 08 09 1

e For Q% > 1000 GeV?, the cross-section is still
dominated by low x parton scattering.

e For Q% > 10000 GeV? the valence quarks contribute.

e The data are in good agreement with the
electroweak Standard Model. Z exchange needed!
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Neutral Current Cross-Sections

Kinematic Domain: 200 GeV? < Q? < 30000 GeV?
0.005 <z < 0.65

2 <:+ 'rra 7 ' 1 :
ja:ng“ 2 [}/‘i*fr ( 9Q2) o ysz (xa Q2) o Ymﬂ?f’g(w, Qz)J
Yi(y) =1 (1-y)’

F5, F5: generalized structure functions
F', . longitudinal structure function

em {znt Q* wk . em (-

TeEmM.
F5™: photon exchange
Fy%. Z° exchange
Fyt: ~Z° interference

In the following we will use the Reduced Cross-Section:

. I(JL 1 d?c
5(e'p) = 5 Y, dzdQ?

~ F5"™(1+ 0y — 63 — 0p)

5, — 050 < 1% at Q? < 1500 GeV?
~ 10% at Q? = 5000 GeV? and x=0.08
5, : negligible at y < 0.5
~ 5% aty=0.9
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Contributions to the NC Cross-Section
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Reduced Neutral Current Cross-Section

[
- Q%=200GeV? | Q*=250GeV? |  Q%=350GeV> | Q’=500 GeV>
% Y L~ -
1 Yy '?__ * Q\ *
.\._‘ ‘* * *
A 4 ‘\’ *\’. e
-4 E] e -
‘\*\ \.\.‘\ he . Q*\
‘\\*\"-\ * LS ™ * .
] L P L ] Lo LS 1 NPT Lo e LAl R PP [ Pyl L e o rmer TS e Lo .J:m;
Q*=650 GeV® | Q*=800GeV? | Q*=1200GeV*}+ Q*=1500 GeV? |
1 - B B B
® $
ke " by b
i\. \;\! § ] 8
\‘.‘ & | i‘i\i
o . 5
0 1 il T L FRRTIT N I_J_‘I_.l‘ T o1l sl t.l T vl g gl : L
Q*=2000 GeV> | Q*=3000 GeV> | Q*=5000 GeV> Q?*=8000 GeV?>
05 - }{ - 1 -
IR X !
3 b i,{g
: ; o
i i | % | 5
0 | 1 1 liili!] 1 1 ‘ | lkil]ll L. l:“ L | Il - Jl..!-ll ..I
s | Q=12000GeVY  Q*=20000 GeVY  Q’=30000 GeV"
' | @ H1 Preliminary
02 - ﬁ} - { } — NLO QCD Fit
0 | | ' |I:.Iinh frmi i i 1 I
107 1 1072 1 107 1
X

e Measurement from Q‘3 = 200 to 30000 GeV?Z,
up to x = 0.65 for Q* > 650 GeV~.

e NLO QCD fit gives good description of the data
in the whole )? and z range

e Precision limited by statistics at Q% > 1000 GeV?

e total error (syst & stat) < 10% except at high Q-
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Reduced Cross-Section at High @

% 10 5E - e ]|||1| - '|| = T T ][[[Y] oy T ' |]]|-’| T . T |Ii21
'O - 0 SLAC @ BCDMS o NMC e HI preliminary ]
104; —— NLO QCD Fit —— MRST
“x=0.07 (x9000) _ g0 pao U -
1031 X=0.13 (x3000) +—_sammesenee st eyt o, i
X=0.18 (X800)  “oAmmmmenttaassan. o0,
102, "
- x=0.28 (x100) ]
. o I
v |
10 = E
- x=0.45 (x12) JE
1 E =
10 _2 [ vl | | ||||||l E!llll_l_]m ||I |||'.|.i
- 3
10" 1 10 10> 10 10 10
0’ IGeV*

e Difference visible in the QCD fit

when the high Q* data is or is not included.

e High ) HERA data now also have an influence

at high = (= 5% at highest Q).
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Charged Current Cross-Sections

Cross Section for ep — X

d?o B G%» 1
dzdQ? 27 (1 +Q2/M%,)2

(a+e+ (1—y)*(d+s))

e Propagator dependence = W mass determination
H1 (94-97): 81.2+3.3+4.3 GeV
ZEUS  (94-97): 78.6123132 GeV

e parton densities = sensitivity to d-quark density
e helicity dependence = V-A coupling
e QED radiative Corrections (< 10%) applied

Reduced Charged Current Cross-Section:

B 2T o )29 o AP0
Occ = T G%(1+Q/MW) d:l?d@z

= z-(@+c+(1—y)*(d+s))in QPM

e definition in analogy to the
Reduced Neutral Current Cross-Section

e different relation to the parton densities:
supression of the valence quark contribution
at high y due to the helicity factor
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The propagator Mass My

ZEUS CC Preliminary 1994-97

- = 8 ‘

v =

g 7 ". s ‘ l

T 25 Y FA ! |

é [ ¢ | ’ I Mw =

s i 5 | - 100 GeV

g 2 i ; |

B I 4.4 76 78 80 82 84 /

i Mw (GeV)

é L5 ‘wﬂ,,__—————— 90 GeV

o i | |85GeV

g : 80 GeV

--.O._ | —— ¥ — ...... | Ge

© — 75 GeV
— |70 GeV

0.5 - |
L 60 GeV
0 . | |

10° 10 Q* (GeV?

e The Q* dependence of the CC cross-section is determined
by the propagator mass (and the parton densities).

ep space-like measurement of My,
— ete ,pp: time-like measurement of My,

d2O“CC . G2 MI?V
dzdQ? ~ 2mz \ M2 + Q@

e input parameters: o, My, Mz, Mo, Mg
e parton densities: MRST (Hl)/ CTEQ4D (ZEUS)

- 81.2+3.3+4.3 GeV
786155135 GeV
e in agreement with My, = 80.41 £ 0.10 GeV from pdg

2
) ) qﬁCC’(xa Qz)
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CC reduced Cross-Section

ZEUS CC Preliminary 1994-97

1 - Q*=950 | Q*= 1700
0.75 | - -
0.5 [ _

0.25 [

04

0.3
02 [

01|

0.1 |
0.075 |
0.05 |
0.025 |

» Standard Model gives a good description

of the CC cross-section
o d valence dominates at high x

e sea quarks dominate at low x
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Can we measure the u/d ratio?

H1 e'p Preliminary

147 _
= i 2 2 i 2 2
1.2F . Q=800 GeV L Q'=2000 GeV
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0‘7;' h e écc
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¢ neglecting xF3, the 5. F. term in L.O corresponds to:

14+ (1-y)? (fu+3id) nNC
(1 — y)Qd in CC
at 2000 GeV*:  —  0.83 (u+ id) in NC
— 086 d in CC

= u/d ~ 2
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Neutral and Charged Current Cross-Section

HERA e*p DIS cross section 94 — 97

—_ 1 -
> E. Preliminary |
8 -1 1 - ' E
B 10 3 @ E
O ; B ]
S ] ® |
NO 10 2 L N . e Neutral current i
2 *m e

© 10 -3 - 9 )
- charged current @ . :
- . B a
10 4:_— * T s ";
6| R Y
10 - of | -
- ZEUS 1
10"} m H1 y<0.9 \ |\ -
e 3 : : — - : u

10 10
Q° (GeV?)

e Neutral and Charged Current Cross-Section have
similar values at high )°

e remaining difference at high ¢* are due to coupling to

different quark flavours

e What happens at very high Q*(> 15000 GeV?)?
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Summary

e In its first years of operation, HERA has been
testing the SM, in particular QCD and the
Proton Structure, in new kinematic domains.

e More is coming with the expected 50 pb~*
of e p data in 98-99 which will complement
the e*p results presented here:

> (] ] SN E Y1634 111 DT NATEE A2 A
— Xg, L4, p.U.l. 1Hcasul©ul pProloTly

£ T . ¥ . .8

] § { | | i ] [ ]
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1 Fate S1T11i1e(d YT (161 1

..... 111K ‘ wmUULUELITOWL 11 Ul udild

:l‘ * ' F ) Y 4 R
f hioh ()¢ 11 ¢
| 1 | AL pYa

But also afterwards with the luminosity
upgrade of HERA and its detectors in 2000.

Between 2000 and 2005, 500-1000 pb~! are
expected.

Program will continue with higher precision
and with an extended search potential

Surprises?’

see U. Katz talk!!!



