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HERA and ZEUS luminosity
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HERA and ZEUS luminosity
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Physics highlights: publications

e 9 ZEUS papers published since May 2007

~ Multijet production at low xg; in deep inelastic scattering
(DESY-07-062, May 2007, NPB 786 (2007) 152)

~» Bose-Einstein correlations of charged and neutral kaons in deep inelastic scattering
(DESY-07-069, May 2007, PLB 652 (2007) 1)

~» Measurement of (anti)deuteron and (anti)proton production in DIS
(DESY-07-070, May 2007, NPB 786 (2007) 181)

~» High- E1 dijet photoproduction
(DESY-07-092, June 2007, PRD 76 (2007) 072011)

~» Forward-jet production in deep inelastic ep scattering
(DESY-07-100, July 2007, accepted by EPJ C) average of one paper

~ Three- and four-jet final states in photoproduction every two weeks
(DESY-07-102, July 2007, accepted by NPB)

~ Exclusive pY production in deep inelastic scattering
(DESY-07-118, August 2007, accepted by PMC A)

~ Dijet production in diffractive deep inelastic scattering
(DESY-07-126, August 2007, accepted by EPJ C)

~~ Diffractive photoproduction of dijets in ep collisions
(DESY-07-161, September 2007, submitted to EPJ C)

DESY, November 8, 2007 C Glasman (Universidad Autbnoma de Madrid)
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Physics highlights: new results

e New ZEUS preliminaries in 2007 (presented to EPS07/LPQ07):

— HERAI:

~+ Beauty production using semileptonic decays into electrons (b — e)

~» Beauty in DIS and measurement of beauty contribution to F» (szE)

~+ Deeply virtual Compton scattering (DVCS)

~ Excited charm and charm-strange mesons production (D°, DT, Dgi, Dg"', D*t, D*V)

— HERAII:

~+ Multijet cross sections in CC eip DIS

~ Jet substructure in NC DIS

~ High-Q?2 NC DIS cross sections with longitudinally polarised electrons (eZ/R)
~ High-Q?2 CC DIS cross sections with longitudinally polarised positrons (ej{/R)
~» D* in DIS and measurement of F3¢

~ DT, DY cross sections

~+ Beauty in dijet photoproduction

DESY, November 8, 2007 C Glasman (Universidad Autbnoma de Madrid)
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Physics highlights: towards final results

— New ZEUS measurements combining HERA | + HERA |l data:
~+ Scaled momentum spectra in the current region of the Breit frame

~ KYKY spectra

~ Dijet cross sections in NC DIS

~- |solated high-energy leptons with associated missing transverse momentum
~+ Multi-lepton production

~ Electroweak fits

~+ PDF fits

~+ Limits on contact interactions, extra dimensions, heavy leptoquarks

~ Inelastic J /v

~+ Exclusive photoproduction of Y mesons

e NEW!ll — H1 + ZEUS combined results:
% ag from combined HERA | H1 and ZEUS jet measurements
% Combined NC DIS HERA | reduced cross sections
% Isolated leptons from HERA | + HERA |l
% Multileptons from HERA | + HERA |l

DESY, November 8, 2007 C Glasman (Universidad Autbnoma de Madrid)
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Search for physics beyond the SM

e Search for signatures of physics beyond the SM
using eTp HERA | + HERA Il data: ZEUS
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DESY, November 8, 2007 C Glasman (Universidad Autbnoma de Madrid)
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Towards F7,...

e For direct measurement of F; — need NC DIS cross sections at same x and Q?
but different y

e Measurement of NC DIS cross section with different centre-of-mass energies
— first look at MER/LER data: big progress, but MC still not perfect

MER (E, = 575 GeV, /s = 252 GeV)  LER (Ep = 460 GeV, /5 = 225 GeV)
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—> Collected data during MER and LER together with HER cross sections will allow
measurement of F,

DESY, November 8, 2007 C Glasman (Universidad Autbnoma de Madrid)
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e After 15 years of HERA operation: 1 fo~1 of combined H1 + ZEUS data
— most precise parameterisations of the proton PDFs

e First step:
% average of e:I:p HERA | NC and CC cross sections (~ 115 pb~1 per experiment)
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—- Reduction of systematic uncertainties = more precise PDFs

DESY, November 8, 2007 C Glasman (Universidad Autbnoma de Madrid)
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Towards final PDFs from HERA...

e Model-independent method of combining cross sections allows substantial
reduction of uncertainties

e Next steps:

— extend combination of H1 and ZEUS data to HERA | + HERA I
— include more data sets ZEUS

eg, dijet cross sections
In NC DIS
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DESY, November 8, 2007 C Glasman (Universidad Autbnoma de Madrid)
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Towards final PDFs from HERA...

e Update of ZEUS PDF fits — ZEUS-Pol fit: e
— polarised NC and CC HERA Il data included m(rj:l"eevz
— NC DIS and PHP jet cross sections included TR
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Electroweak analysis

e Simultaneous extraction of electroweak couplings of quarks and PDF parameters
— In EW, 4-parameter fit: now possible because of HERA Il data included

e HERA | + HERA Il data included: polarised and unpolarised cross sections
— unpolarised x F3 sensitive to a;
— polarised F5 sensitive to v;
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—- Results are very precise: resolved sign in d quark couplings

DESY, November 8, 2007

C Glasman (Universidad Autbnoma de Madrid)
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CC DIS and polarisation

Charged Current e*p Scattering

3120_ T T T [ T T T T [ T T T T [ T T T ]
e L ep - vX i
g L e H1 2005 (prel.) i
© 100~ © H1 98-99 —
t - 4 ZEUS 04-05 (prel.)-
P Pemsant PP P~ Pemnant e : SZEUSB9
80— e’p - WX —
+ 0 : A + ZEUS 06.07 (prel) |
HERA Il data ot (P.)=(1+P.)o : \ AZEUS1BOTrel)]
cc cc o electrons™y,
4 ZEUS 4 ZEUS -~ CTEQSD S e ]
10 F T T 1 10 F R S S RN R MRST 2004 .
3 ZEUSCC €p (prel.) 'z ZEUSCCe'p (prel) E or B
O o o P=- SN O 104 * P=-0.37 (77pb?) | i 0 Sitr ons 1
Q 7 P=-027 (106 pb™) | © 10 & o P=+0.32 (102 pb™)3 i p > .2 . 1
R o P=+030(74pb”) 1§  © — DM 20— e Q? > 400 GeV? B
~ g — -3 b = - " "
NO 10 -3 y<09 . 1 NO 10 ? 7: B -_.--""-.’.-' * y <0.9 \\“-\ N
? j . E ] _-".-I----‘I- o o b Ly T‘.’:
g i EJ:‘ _>14 GeV € p ] g 10 -4; y; 0.9 p ] 03 05 0 05 1
© 4 -1<n%<25 1O - Ef >14Gev P,
10 = indusivejets E g -1<n®<25
] 10 3 inclusivejets E
g F § -
0 ER 1 CC eT “total” cross section vs P,
F [ energy scale uncertainty ] % [ energy scale uncertainty %
810-67 i -+ — 1 ﬁ\10-7: b b 1 111]111: : : : :|:
8 18T , | —) Jetcross sectionsinCCe
F by TP T ; for different Pe
S 1p 19 1F ] ]
| | | g | | | = Good agreement with SM
0 L L I L © 0 L I L I e d
3 4 3 4 - -
10 10 10 10
0% (Gev?) 0% (Gev?) predictions

DESY, November 8, 2007 C Glasman (Universidad Autbnoma de Madrid)
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HERA combined 2007 as(Mz)

— make simultaneous fit to ZEUS and H1 data sets which yield the most precise
as(M z) values (instead of combining as(Myz) values)
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HERA combined 2007 as(Mz)
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DESY, November 8, 2007 C Glasman (Universidad Autbnoma de Madrid)
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Jet substructure in NC DIS
e Jet substructure: HERA Il data ~ ZEUS

— stringent tests of pQCD =
— differences between quark and gluon jets F09; , 5
] - 08 |- phjet
— gluon jets expected to be broader than quark jets _- tWOZ 18 (Jowest Br)

e Integrated jet shape: average fraction of E?Fet within 06
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r

DESY, November 8, 2007 C Glasman (Universidad Autbnoma de Madrid)
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Charm production with HERA |l data
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Charm contribution to F»

e F£¢ unfolded from HERA %
— D"‘ DO D+ and D* in DIS 8”_(\1 A P H1HERA|(D*)H‘
10 7 x=000005(x4%) ™ H1(prel.) HERA I+l| (VTX%

- o ZEUSHERA | (D*) ]
X=000007 o ZEUSHERA|I (D",D° DY) ]

P (x4
x=000013, 4EYS(Prel) HERA I

(x4
X = 0.00018 (x 4°)
X = 0.0003 (x 4%°) E
_ x=0.00035 (x 4) |

. X =0.0005 (x 4% ]
x = 0.0006 (x 42 E

with HERA 1 + HERA Il data
vl
27.6 GeV g P
¥ 2 Jet,c,b
® cmc ~ 25%F2

Jet,c,b - ’m/,/q, X = 0.0008 (x 4")

X = 0.0012 (x 4% E

SU‘Ong — , &+ g X=00015(x 4)

e syt | Scaling 0 AT g M X=0002(4)

O 2000 [ Wrong-charge Background | - . 103 i | X =0.003 (x 4)

g lamens | Violations P T
E 1500; h = observed 102? M"‘“"’og'f x = 0.006 (x 4% ]
£ 1000 ®  Observable < ¥ f R T
8 - . o i NLO QCD: R
oo - sensitiveto  *Fmgmm T al 7

- ] . - X 8 x=
0:\ ! \ I Lo T gluon denSIty 10 7 o S 0(2340) é

0.14 0.15 0.16 EE— ‘ HHM‘Q —

1 10 10 10
AM (GeV) Q* (Gev?)

= Good precision of measurements: will help to solve ambiguity in HF scheme
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, ZEUS e Beauty production has  _
E | RS been identified in HERA Il 3 =0.0002 room for
103 O bb MC . ; ; N / i=5 ] ]
data in events with jets Improvement
and muons =09% in precision
102 «— p Impact parameter fx=o,(30f2D|S data'
. i=3 |
* e Beauty signal extracted as ol |
Np = Ndata * fb :
10 x=0.005
< e =2
-0.08 -0.06 -0.04 002 0 002 0.04 og)e(crg.)os ° szl_) ~ 1% F2 1t .
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R I Strong < : I
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= o violations Lzl _ :
S H o mosoobjer Ty ; observed =0
S Y H199-00 b pjet ] 10'2__ -------- MRSTO4 g |
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5 e TR ] inti o CTEQ6.5
JLgmemene T description of | obs s CTEQSHd
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A& ZEUS (relonopb e e - 10 10° 10°
10o””5 ”'10” '1|5' '2|5””30 InPHPbprCD QZ/GeV2
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e Exclusive vector-meson production via two-gluon exchange

Y7z, Wave function - V wave function _ _ I
iy . e Signal searched in ™~ channel
WV\M! - E —\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\—
pd e ZEUS (prel.) (410 pb))
[+
qqp scattering —— ~—— gg ladder P [ | Bethe-Heitler

_‘\g - y1sas3s
< 400— -
(] 15,25,38
> —— BH+Y"S®
w

e Y in photoproduction
with HERA | + HERA I
data a

o
N

o

Cross secuon (D)

o(yp = wp) 22 ] <R TN SR AT S T T o

7 5 6 7 8 9 10 11 12 13 14 15
W woz M, (GeV)
oS olyp = ¢p)

e 50 Y signal observed

[ WOS
d a(yp ij = Fit of cross section vs W for the first time:

woems | /' consistent with a high power of W
g . prel. 1
iE%EdM&iget oop = vEsp )/ = Information on generalised parton
o(yp —> T(1S) % distributions (GPDs): three-dimensional

T e T w(ee) picture of proton
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e \ery precise p0 measurements in DIS from all HERA | data

Vr(zy Wave function - V wave function

e Consistent picture of
exclusive vector-meson
production in PHP and DIS
via two-gluon exchange

e Constraints on the gluon and
spatial distributions of the proton

ZEUS
2 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T /\14 T T T T T T T T T T T T T T T T T T T T T L T T T T T T T L — T T T T
WO “ 17 e pzZEUsr20phY L gk ] oL " e pzEUS 120 pb?
1.8 A pZEUSH ¢ DVCSH19600 ] 3 e pZEUS 04 1
LY pZEUSS /A DVCSH1HERAII ep (prel.) ] = 12 o pZEUS 95 B
16 - B @ZEUS — — r O pH195-96 ]
L * JWZEUS . A @ZEUS 98-00
1.4 [ O DVCSZEUS96-00 . ] 10 v @ZEUS 94 _
[ * DVCSZEUS(pre.) (28pb™) E
r ] [ = J/y ZEUS 98-00
12 / 7] H * J/y ZEUS 96-97
[ ‘L ] 8 I o J/P H1 96-00 ]
#

% | IE 6 %ﬁi&;}i% o |

04 r = i i
o.2$ ; a'ocW‘sl E 2’ dd—g x eb? 7
% 5 10 15 20 25 3 35 O 646" 15" 20 25 30 35 40 45 50
Q+M“(GeV") Q*+M3(GeV?)

— Value of 6 and its dependence = Decrease of b with scale and
with the scale are similar asymptotic value are similar

for all exclusive processes
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Deeply virtual Compton scattering

e e e DVCS predictions depend on the GPDs
vy — Information about the proton wave function
e Proton tagged in the LPS: first direct measurement of ¢
P D distribution — information on the impact parameter (b)
D
QCD colorless exchange ZEUS
O rrprTrTrTT T T T T T L L B
ZEUS > e ZEUS (prel.) 31 pb™
g ° ZE‘USpreI‘.(Gl‘pb'l)‘ o Q
: m ZEUS96-00 (95 pb™?) g
% 5 =10 - .
o 0.56+0.32 ;Q
‘= Q*(GeV?) = o
o 1
10 |- ‘s 0.4940.25 ~ g Q? =6.2 GeV?
’ ' f S | w=104Gev ]
| 7“MHHHHMHHHH\HHHH\MHHH ]

| = New cross-section measurements vs W at
lower Q2

[ --\ | ‘ L \7
' 9.9 0.77£0.28 4 0.1 0.2 0.3 0.4 0.5
It| (GeV?)
1 n
i 18.0
| | ]

10 10

W (Gev) = More information for constraining models
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Conclusions and outlook

e HERA legacy (1992-2007):
— fifteen years of ZEUS physics results transcend all expectations!

* Fy, F3, F§C, sz’_’ and PDFs ¥ jets and ag
% hard diffraction % NC vs CC: unification of EW interactions
% photon structure % pushing the limits on leptoquarks

e ZEUS program with full HERA luminosity and combination with H1 well under way
e F'y measurements started
e Important progress in heavy flavours and diffraction

e Towards final results (ZEUS and H1 with HERA | + HERA |l data):
— searches
— PDF fits
— EW fits
— Qg

% % % ZEUS rich physics program still ongoing % % %
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