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Structure Functions
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New QCD Fits

New ZEUS-only
Structure Function fit
uses high-Q2 data

- Q2 < 30,000 GeV?2

‘Less need for FT, sum
rules to constrain x > .05

*Includes all 94-00 e*p &
e’p data

Compare to published
ZEUS-S fits

- Use fixed target data
-Use 94-98 ZEUS data

Good Agreement

- ZEUS-only Structure
Function fit still needs
additional constraint at
x>.1
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Add jets to QCD fits

Q% =10 GeV?

Q' =10 GeV?

e T VSN (al) N 2 — ZEUS-JETS (prel.) 94-00 7
10" 0” 10’ " UN w10’ w'
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b i ] ol 4 «3 trd =1
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Q' = 1000 GeV? Q% = 1000 GeV* |

— m_.‘......ln_z. -
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Include inclusive DIS jet
data & high-E; dijet
photoproductlon data

Rigorous & consistent
method of treating jets
in QCD fits

Compare ZEUS-only
gluon fit with and
without jet data
included in the fit

Jets constrain medium
X gluon distribution

Improved precision on
the gluon at higher x
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o from mean integrated jet shape

o

pOCD : <1 - 1//(r)> = fraction of jet E, due to parton emission, in the cone segment btw. r and R=1.

- JdET (ET /E'T/E’)[dc(ep — 2part0ns)/dET]
<1 - W(V)> - Gjet (ETM)

From measured <1 —y(r)) for E) >21 GeV in each E} region a value of o (M Z) was extracted:

,where o, (Ef’) for inclusive jet production.

EN 0.16 — 0 ZEUS 98-00 DIS  th. uncert. — W(r)

<" [ FBethke 2002 1 allEY g
o1 | eihke exp. uncert. - regl()?ls % r

0.12

.

)

i
20 | a0 60 80 combined value of oy

Note theoretical EX' (GeV) from 98-00 DIS jet data:
error dominates:

o, = 0.1176 £ 0.0009(stat) 0% (sys) 22! (theo)
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Ol from DIS event shapes

s RN T ——— 1 5.d. emors
", b Al ==ssas 95% confidance region
““ “".. {stal. + exp. sys. erors)
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o (M)

«Current region of Breit

frame: Thrust (wrt. thrust
& v axes), Broadening, jet
Mass, particle pair Correl.

Power Correction:
introduce oc to describe
non- perturbatlve effects:

(F)=(Fhuo +(F (@) o

*Fit differential distribut’ns
with NLO + PC + NLL
resummation (DISRESUM)

. =0.118,a, = 0.5

Resummation extends fit
range and yields
consistent ¢r_, (¢ for

T.,B,, M3, T;

Cy’dey’pends on fit range
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Ols Summary
HERA data clearly show running of O,

O, values are as precise as those by other measurements
Zeus is doing precision Jet Physics (o, down to 2%):

th. uncert.
e —{ ..t_-.:'...
exp. uncert.
- .25 : ———t—
Y , e ZEUS (82 pb’ lj (inclusive jet yp - u—li."“ ) | ERE
= ZEUS (38 ph M, (dijet DIS - n=0Q)
A ZEUS (39 ph ) (inclusive jet DIS - p—hfl .
':.. : »*H1 (33 pb }[mclumw jet DIS - u=E£Y
0.2 v CDF {H? ph ') (inclusive jet pp - Li_]izi e
] ok o Bethke 2002 7 -
0.15 il}%%g A
0.1 - =0
{ - i i i L] L] L] | I - | 1 i i i i n N

u (GeV)

Inclusive jet cross sections in yp
ZEUS (Phys Lett B 560 (2003) 7)
Subjet multiplicity in CC DIS

ZEUS (Eur Phys Jour C 31 (2003) 149)
Subjet multiplicity in NC DIS

ZEUS (Phys Lett B 558 (2003) 41)
Jet shapes in NC DIS

ZEUS (DESY 04-xx)

NLO QCD fit

ZEUS (Phys Rev D 67 (2003) 012007)
Inclusive jet cross sections in NC DIS
ZEUS (Phys Lett B 547 (2002) 164)

Dijet cross sections in NC DIS
ZEUS (Phys Lett B 507 (2001) 70)

World average
(S. Bethke, hep-ex/0211012)

0.14
a,(M,)
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Ratio of DIS trijets to dijets
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Comparison to NLO gives good description
Large renormalization scale error at low x

New method should yield another o, measurement
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Forward Jets & BFKL

® ZEUS (prel.) 96-97

k;-inclusive jet algorithm

Phase space enhances BFKL
dynamics:

cos y, <0 - removes single jets
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2< 1, < 3-forward jets
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_____ SO : Aatsdife < —— <2 - limit parton evolution
10 o MEPS: Lepto | along gluon ladder - enhances BFKL
3 3 - . 2 Mo:osa-m<2a | -|°Data slightly above NLO at
= e low x, although well
& described at high x
§ . L 0 NLOPDF Uncertainty | *Ariadne describes data
l | L1 | L | | l l | L | l L | -
18 oo — T T T — °Lepto doesn’t describe data
o F {eLarge renormalization

05 B uncertainty at low x where
x calculation shows most
Bj difference -- higher orders?
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QCD prediction due to longitudinal & transverse photon evolves in i as

Azimuthal asymmetry

Boson-Gluon-Fusion takes over from QCD-Compton events
Use energy flow objects in hadronic c.o.m. frame

- include charged and neutral hadrons (previously just charged tracks)
- enhance hard partons by weighting with energy, i.e. energy flow
NLO effects are not negligible and provide better agreement with

experimental data

1 I I I 1 1 I I

S (prel.) 95-97
NLO + hadr. corr.
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-Select p/ﬁ and K% in
inclusive DIS
(Q2> 20 GeV?)

*Plot m(pK?) + m(pK?°,)
Fit bg + single
Gaussian

Peak at 1522 + 2 MeV

Width consistent with
resolution

Statistical significance
~390

*Note that observation
is in fragmentation
region - no influence of
original baryon in the
beam

Combinations / 0.005 GeV
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Evidence for strange pentaquarks |

| I 1 | 1 | 1 I
Q%20 GeV?

Fit
-==== Signal

%2/ ndf=51/47

events=155+40

e ZEUS 96-00

"""""" Background j
[ ARIADNE MC -

peak=1522.2 + 1.5 MeV
h width= 4.9+ 1.3 MeV

Possible structure left of peak
(expected in this region) —»

Try different background shape —
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$£ | Evidence for strange pentaquarks I

" " = _l [ T T ] L | L | T 1T L I_
ofit bg + two Gaussians 8 .
] i . v T Q%20 GeV?

(2nd Gaussian parametrizes potential 8 |

resonance or empirical shoulder in 2 el

background shape) § I

m=1521.5+1.5 (stat) 2% (sys) MeV f_g" 250/ A—
sGaussian width 6.1 +1.5MeV still 3 | e,
compatible with experimental s [ ARIADNE MC
resolution of ~2 MeV [

180}
150;
d 2 /ndf=35/44 140l
peak= 1521.5 + 1.5 MeV 120[ ||l
width= 6.1+ 1.6 MeV 190l MY
events=221+ 48 8ol ¢

(Breit-Wigner fit: T = 8+4 MeV) 150 4

esignificance ~ 4.6 ¢ “Hl _
50 .. it

20

signal seen in both charges

(inset) D—.J1.‘£l5l - |‘1.J;.L L l.“‘J'l."|.:'»5] - I1.|5I - I1.|65I - |1_.
if interpreted as 0+ + 6 p(fluctuation): m = 1500-1560 MeV M (GeV)
antipentaquark! c=1.5-12 MeV: 6 x 10
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NA49 Signal in ZEUS

=(1530) NA 49
N
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= ¢ ti 3
q; I'I!B — 11.8 - é - l2!2 2!41 12{5 I 12E8 =
M(Z7n)(GeV)

NA49 signal(pentaquark)/signal(=(1530)) ~ 6-8

=(1530) seen more clearly in ZEUS than in NA49
- ZEUS has higher statistics & smaller background

ZEUS should see NA49 signal but does not
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Combinations f 0.5 MaV

Search for charmed pentaquark |

DIS D* sample 1995-2000, 21 Gevz: ~9700 D*

p;(D*) > 1.35 GeV, In(D*)l< 1.6, p (dE/dx) and D*p cuts similar to H1
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016
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Combinations f 10 May

low momentum p

high momentum p
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C Plp) = 1.25 GaV, ] Plpy=2 GeV,dde(p]«:‘lfP(p:le.E ]
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15 F .
C 1 2ot .
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3 ap05 21 315 32 a25 a3
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no evidence for signal at 3.1 GeV
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Search for charmed pentaquark li

ZEUS inclusive (yp & DIS) D* sample 1995-2000: ~43000 D*
same D*, p and D*p cuts as for DIS selection

low momentum p high momentum p
ZEUS ZEUS ZEUS
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Jas | c —
5 14000 | 3 s .
E =] 80
S G :
12000 — -
50 F
10000 | B
40
a000
a0
6000 [~
4000 40 |
2000 - 10 | -
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no evidence for signal at 3.1 GeV
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Final =
HERAI ,
result

0.2
*5500 D* '
Good fit ‘|
by NLO  os]
QCD "
*Recently o:
added 31
points =
up to Q%= 4
500 GeV2 |

0.2

*Steep rise |

at low x = obpioul.
10 10

large gluon density

Charm in DIS: F,¢¢ from D*

| 0 H19697 |
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== ZEUS NLO +
QCD
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Charm in DIS: F,°¢/F,

o~ elses | VT "“Y] Precise measurements of
= | s mus e | charm in DIS

[ ZEUSNLO] |
"l T T _
! m . T Good description of the

CsGev data by NLO QCD using
a modern PDF

| Double differential cross
sections can be used to
further constrain the
gluon in the proton

- At lowest Q?, data and
: | , \ theory uncertainty
L comparable

.5 4 - N
10 10 3 10 10 3 10 10 3
X
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Beauty Photoproduction

do/dp-(ep—ebX)
$ Q°<1GeV? 0.2<y<0.8 Cross
~~~~ ] .
n°l< 2 section for
.............. f b-quark
® ZEUS 96-00 b—p extrapolated
O ZEUS 96-97 b—e using N!‘O
1 E N calculations
E NnoGeD e
oLl BN B R I | | """
0 5 10 15 20 25 30
_ pp (GeV)
 Low P;Pregion to be covered by u + D" analysis

 Good agreement with NLO QCD predictions
 Good agreement with previous ZEUS publications
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o

Data / Theory
-~

6

wn

Beauty yp & DIS cross sections

ZEUS b Cross Sections at HERA

A ZEUS o, (jjuX) py -1.6<n, <-0.9,p">2.5 GeV
Y ZEUS o, (jjuX) p o 0.9 <m, <13, p; > 2.5 GeV
B ZEUS o, (jjuX) p 1.48 <n <2.3,p" >4 GeV, p;>1GeV
O ZEUS D'uX (Rapidity £° < 1) (prel.)
* ZEUS o, (ejuX) p DIS
A
e N\
A
\
) O
TO
I i
i * NLO QCD
”r | | |
1 10 107

Q’ [GeV’]

Various
measurements in
different kinematic
regions

NLO QCD in general
agreement with
some small
discrepancies:

¥p NLO QCD good
or all regions,
while LO+PS low

for highn & p+
DIS:NLO QCD low
for hl%h Eyjet & N,

low Q2 & p;, same
for LO+PS
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lefractlve J/\|; production

T s ¢« *No change of W dependence
St e w1 with Q2
T F 04
£ =2 | eNass of J/y sets the scale
- = 1 already in photoproduction
. 68 _ .
L 00 ] *Consistent with pQCD
e ooy | €Xpectation over Q2 range
1 e —J/ mgs =
o i ‘"_ Sensitive to gluon2 in proton
.. ... P Y P <Same as extracted from F,
— rr—>_eNeed NLO corrections
;107 3 m2_|IIII|IIII|IIII|II_
2, E oW :
" S MRT (ZEUS-S 1 o
R i ] féj——é——“ﬂ*“é
. ; G_rIIII|IIII|IIII|II
T AU BT I . 0 5 10
0 10 1 10 Q2 (GeVZ) Q (GEVZ)
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Fit to ¢ ~W?° -

Diffractive ¢ production

d is a function of Q2-
Data agree well with results from other Vector Mesons

consistent with QCD

Rise of 6 with Q2+M, 2 observed in global VM picture

sy p—o P) (nb)

-
o

* p, ¢ : transition from soft to hard regime

- J/y : hard already in photo-production

FE T U T Ko F
-Q? (GeV?) S § 1.6
2| rL"f—*—_i——,_" 0.26i0_104 1.4;—
S i 02740127 125

- 38 ] 15_
I I S —  0.36:0.13] 0-35—

6.5 0.6

_ _ 0.4
- y 1 0.42+0.16 0.2
F e e o
- ZEUS 98-00 (prel. )— =

v e b by Ve =l
020 40 60 80 100 120 140 160 180 0

W (GeV)

p

>0

= ZEUS p 96-97 (prel.)
. ZEUS p 94-95
o ZEUS Jhy 96-00

G o
]
—— ——
S s
——
R e S
——

T T I T T T T I T T T T [ T T T T
» ZEUS ¢ 98-00 (prel.)

1 J -

|- 20

gl‘ﬂlllll]\]\llllll\llllll\lll\lllllIllT:

Q2+MV(GeV)
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Y,

*NLO fit, QCDNUM

*X;p <0.01

p p

*Regge factorization assumed:
F,PG) (x,p,B,Q2) = fo(x,p)F,'P(B,Q2)

DL flux used
eInitial scale Q2=2 GeV?

Diffractive PDF parametrization:

- 2zf(z) = (a,+a,z+a,z?)(1-z)2
*Thorne-Robert variable flavor
number scheme

*QCD fit describes data
- x? = 37.9/36 DOF

*Fractional gluon momentum
is (8218(stat) £9(syst))%

sImplies diffractive hard
scattering factorization

NLO QCD fit to F,°® + diff. charm

a B=0.007 p=0.03 P03 B=048
2 0.06¢ : 3 4 |
e ' 1 ] . 1 @
hﬁ_ 0.04 - ® ZEUS (prel.) 97+ b < '}-l——'/"
s 0.02 F—  QCD fit z . I
0F 1 e -ttt e lli' e t Iill—} o (RS
0.06 - Regge factorisalion I I 1 ]
o b DL Aux 1 ¥ “ :
004 zf(z)=EP, (1-z)" L 1 ; 1 ‘_.,_.—"",-
0.02 < I +
0 | + !
0.06 + - +
0t (LPS) - ; b oge
0.02 - 1 3 z / I g
.] ] —r : PR s ....JI_ PP — ..j —
0.06 | - I 1
0.04 + 1 il
0.02F 1 / i —L‘/ 3 2.0 5
1 10 1 10 1 10 1 10
2 2
Q" (GeV")
. 2 oyl 0.02 + 2 S
o 0.01F (dlff. Q’=4 GeV O ZEUS 98-00 Q=25 GeV
a h x,p=0.004 x,p=0.004
(o] . .
= charm) : (diff.
T charm)
" L : {} L . PRI | 5 . PP . .
107 107 10° 10° 1

B

1X

P

10.0005

10.0012

10.0028

10.0068
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Hard Diffractive Factorization

[ e - CDFidsta Extraction of F,P from CDF dijet T
100l o et ows.acooes | ClALA 18 X10 lower than 2
& | 1] <10GeV? extrapolation from HERA data ol
W 10 -Diffractive PDFs from HERA not
3 usable at Tevatron? .
- An Idea: violation of factorization - | -
; S understood as (soft) rescattering P S P
oyl — Hi2002c00CD I (prey g corrections of spectator partons (I)
i Pl . . +» (Kaidalov, Khoze, Martin, Ryskin) Y
o T " T ’ T T T | ] - ' I T 1 T T 1 Jet
:5.‘ 800 _ @ EEUS (prell.) 99-00t i _ m/-\z 1.25 e ZEUS (prel.) 99-00 / jet
2 - ol nergy uncertain J = = -
© e 700_ RAP%}AS;avg.ll{)ﬁ;lglﬁEZx(}.59E T g’?gg” v3.0000 (LO) i
= 600 [ - resolved only (GRV-G-LO) -Lg | |
-‘8 500 _ _ = 0.8 ] ] P P
100 | 1 THed * ; | - Since resolved
: : g V0| L
300 F 1 & | * # - photon ~ hadron =
200 1 5™ expect same
3 i B
100 ﬁf"'—’_L i = “’resolved < direct suppression in
025 0975 05 0:628°075: 0855 1 035 0.375 0.5 0.625 0.75 0.875 11‘ resolved vs. direct yp
X x, Not seen. NLO?

Y
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High-Q? CC w/Large Rapidity Gap

B107E o e (et 0000 ¢ cetotie 4 Need to add Rapgap to
§ O_Zil,{?af&r:l') ks SEIEELELL xg<0.05 3 describe n,for x <0.05 &
=020 = RAPGAP+Ariadne E(Fwd Plug Cal: 4<n<5) <1 GeV
] Cuts: Egpe <1 GeVyn,,, <2.9,
10 .‘“Q" 5 Xpom < 0.05,
? al, - 9 events remain
1 g JI:' . r—  , ., —o— 3 Rapgap:5.6+0.7 events
0 1 2 3 4 5 6 MEPS-SCI: 3.9 -1.0 + 0.7 evts
|||||n Non-Diff bkgd (Ariadne +
é L ® ZEUS (prel.) 99-00, E, < 1 GeV { GRAPE): 2.1 + 0.4 events
é 10 — i ............... é — GCCdlff(Qz>200 Gevz,xpom< 0-05)
f + 1 =0.49 +0.20(stat) +0.13(syst) pb
R 1 Rapgap prediction: 0.4 pb
1 ccoiFF cc ToT
1 L { : | (QZ>ZOOGeV2,xpom<O.05)/ (Q®>200GeV? x5 <0.05)
e A (204 1.2(star) £0.8(syst)) %
0 1 2 3 4 5 6

n ™ Not conclusive - need HERA I
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Final H'ERA | limits -zgﬁ)smparable to Tevatron

Vv
AA
VA
X1
X2
X3
X4
x5
X6
U1
u2
U3
U4
Us
Us
LL
LR
RL
RR

Contact int., extra-dimensions

-1/'A% best fit valus

ZEUS 94-00e’p 95% C.L.

& +1/4% best fit value

— allowed £1/A% ran ge # best fit 1z, £2a
A (TeV) At (TeV)
6.2 o ) 54
4.7 —_— 4.4
33 ora —m e 3.2
a6 i i S— 26
39 ——ge 10
a7 e =i 36
51 e i 4.8
40 s 4.0
25 | o— - i, as
3.8 —— 3.6
L) Tl 42
5.0 - ik 41
5.8 o -l 4.8
5.2 e 4.3
28 — 34
o T e 27
24 f—— 36
27 — aks
18 - — | 27
-04 -0.2 0 02 04
+1/A% (TeV™)

a

MM eoap

TEASD -

NN eosp

ZEUS
12 (a) s ZEUS 94-00e*p
_*_+ M; = 0.79 TeV
Ll R vt 4l M = 0.78 TeV
aa 1
i’ 1o l.__...--""
—— —__-.-.'__,_f ____+:_- I-
Large Extra Dimensions Limits l s
_.__1_u.. n P _1_E.I;.. i Q; l;(;ﬂ_;;]
3 B
2 . 1 {b} e FEUS9599a [¥]
. g i
1 g5 == - Sl
2 i |
08 3 -4
1 i [1] &
| caw g ceiepedad =
R S
Large Extra Dimensions Limits
3 '||:|-.I Oz I'GB"IF‘]
12 (c) e ZEUS 94-00 *p
T i RS = (085 A0 "% emp
B Rt LI S o PE=-(1.08 10 "em
a8 3 4 -
1 m
SRR T S B SL L SR SR R SR L l‘+| ;
CQuark Radius Limits T
? 1’ @ [GeVd)
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Other Searches for Physics
Beyond Standard Model

HERA-I Isolated T’s & missing P+ - tantalizing (only!)
- Excess > SM expectation -- resolve with HERA - Ii

EEIJ'E

®  ELE jprelisd-m
=

s NUP

.....

X
P; (GeV)
observed expected
2 0.23 4+ 0.06
2 D124 0.02
1 0,06 + 0.01
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ZEUS HERA-Il Upgrades

For Luminosity Upgrode With *Short Mognets® f .
* AT . ¢ kA "ol A0
p Lo B0 CRYO-——
4 mn FMUON BAC pox 777
: T =t
o1 R
== HlEnnnnnnly
1A q FCAL L/.\ n"rD l:‘ t Bb ol
U154 "
o 0 [ 77, 777 L2
i i ‘ Ac 13|
%t [ %ﬁ?ﬁé . [ + beam counters,
o 'y o
A B (
kg , LR ) Y Tagger
W = 5
hm Beam Pipe Micro Vertex
{ .{ = A S ; 7 JI /.{ l\,/ / Magnets ‘ Detector
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L 4 HERA - Il Events

: Zeus Run 47440 Event 27854 date: 25-01-2004 time: 23:50:18
E=12Gev  ESE0TGeV E-p=55.5 GeV E~478GeV  ES811GeY
E=0 GeV p,=10.3 GeV p=5.7 GeVW p,=9.14 GeV p=73.4 GeV
phi=1.01 t=-1.53 ns t=-1.82ns t,=-100 ns t,=-1.69 ns
xnm=l].us ynm=ll.2? Q:m=2329 GeV’ empty emply
empty
Neutral Current DIS
+ + 0
e*p —» e*X (y,Z° exchange)
2 _ 2
Q? = 2325 GeV :
x =0.08
i Zeus Run 47071 Event 4985 date: 6-01-2004 time: 23:26:22 \‘
"E=63.10 Ge' T T ES 4010 GeV E-p~ 27.597 GeV EF243GeV  E-3ITGeV - -
E= 0.00 GeV p,= 38.00 GeV p=-34.97 GeV p,= 15.12 GeV p= 35.22 GeV
phi= 2.73 t= 114 ns =017 ns t=-100.00 ns t=033ns

Charged Current DIS
e*p —» v X (W* exchange)
Q2 = 2800 GeV?

p; =38

-
%
%
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New Zeus Tracking for HERA - Il

£ Zeus Microvertex
Swgstbisiig ; detector has been used to
oo Pyt extract D* mesons from
Crang the 2003-4 data
:22 * ZEUS (prel) 03-04 (5pb) ———» * Apply significance cut:
s D—krr+eo DT from )
6 . -216(1
nominal 8
MVD & tracks 5 1
120
STT: 17 1.8 1.9 2 21 O
M(Knt) GeV 100 l T
%%ﬂ 45891 E\r:?:nl;,:%% ::.;.;;5‘;?“ = Ln:ugf\rdate: 2-5;:?£_Sg_:€lme: 16:01:39 J_ I I
i s i I rasoes e 80 i
\ \_\_ \ o D+ from e ZEUS (prel.) 03-04 (5pb’) |
- MVD: o 24
40 -
— HEE=—— %> 5.0
— — LLEE 20 D*— Kt + (c.c)
—— | L 17 1.8 1.9 2 2.1
\ / /_/ M(Krit) GeV
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HERA |l CC polarized cross section

"Luminosity = 6.6 pb-"

P 1]
% ® ZEUS (prel.) e'p 03-04 (6.6 pb™)
(~ 170 eventS) Nﬁ = A ZEUS e'p 99-00 (P=0) ,f/
Polarization = 33% S . - Swemem
2 2 A
Q2> 400 GeV s o
Systematics ~ 2% %
- Cal. Energy Scale
- Selection, PDF 1
&Trigger uncertainty -
HERA Il e* point is 2.8 .. :
o above unpolarized = ., i
HERA | point ° s
) ) -1 -0.8 -0.6 -04 -0.2 0 0.2 04 06 08 1
Consistent with SM P

CGcoc =38.1 £ 2.9 (stat.) + 0.8 (sys.) £ 2.0 (lumi.) + 0.8 (pol) pb

W.Smith, U. Wisconsin, ZEUS Results, DIS’04, Strbské Pleso, Slovakia April 14,2004 - 31




ZEUS Conclusions & Outlook

New""'results completing the picture from HERA I:

‘Full complement of structure function & cross section
measurements

‘Precise jet measurements determine o, within 2% and
constrain the structure function QCD fits

*A new era In spectroscopy has begun with the pentaquark
-Charm physics providing new constraints on the gluon

‘vp & DIS b cross-sections are now in general agreement
with NLO QCD calculations

-Understand diffraction in terms of QCD & diffr. PDFs

First results from HERA Il show great promise
‘New charm data with Zeus microvertex detector
‘Polarized Charge Currents
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