Highlights from DIS 2001

Experimental Results

Frank-Peter Schilling / DESY

Structure functions

s and g(x) from jets

Heavy quarks ( F3, b cross section)
Spin (incl. DVCS)

Diffraction

Isclated Leptons Update
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Structure Functions

e Final 1996/97 Fy(x, Q%) at medium Q? [ZEUS,H1]
e NLO QCD fits to determine ex,; and g{x) [H1,ZEUS]
e New high E'q Tevatron jet cross sections [D0]
e New Fi(ax, Q°) data at very low Q7 via ISR [H1]
e Longit. structure function Fr at low and high Q* [H1]
e New FY data at low @, Q* [CCFR]

e Photon Structure:
New LEP data [Opal|
- High Er dijets in photoproduction [H1]
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Inclusive DIS at HERA
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ZEUS/H1 final 1996/7 Fy(z, Q?) data

ZEUS+H1
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ZEUS/HL1 final 1996/7 F:(x, Q%) data
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H1 and ZEUS NLO QCD fits

H1 [published]

ZEUS [preliminary]

- use lepton-proton target
data only: H1, HL+BCDMS

— parameterize axg, V(x),
A(x) (effective valence and
sed )

~ 5/4 parameter xg(x)
(H1+BCDMS / H1 alone)

- Qf =4 GeV®
~ ay = 0.115

- FFN(3) massive heavy
quark scheme (PGF)

— Careful treatment of point-
to-point  correlated
errors (Pascaud-Zomer)

syst.

- Systematic offsets
determined by fit
~ Scale dependence

computed +0.005

— use ZEUS, BCDMS(P+d),
E665, NMC (pt+d), CCFR
(xF3)

— parameterize £g U, dy,
@S, (d — u)

— 3 parameter xg(x)

- Qg = 7 GeV*
-, = 0.1172

— VFN (Thorne/Roberts)
heavy quark scheme

— Careful treatment of point-
to-point  correlated  syst.

errors (Pascaud-Zomer)

— Systematic offsets NOT
modified by fit

— No scale dep. evaluated 3.\31‘
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ZEUS xg(x) (Preliminary)

ZEUS
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Comparison: ZEUS and H1 xg(x)

H1+ZEUS
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o, from NLO QCD fits (H1/ZEUS)
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High E+ jets in pp (D0)
d*e /dEydn (fb/GeV)
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Radialion
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New Fy(z,Q?) data at very low Q? (H1)
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New Fr measurements at low/high Q° (H1)
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New data FY(xz, Q%) at low =, Q* (CCFR)
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Photon structure at LEP and HERA
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Photon Structure: New LEP data
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LS Feiton)

High E7 Dijets in vp (H1)

Measurement of n‘i'!T“

5 v

Difference between data and theory:
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ag and g(x) from Jets

e New resulit:
— 3-Jet cross sections in DIS [H1]

@ New result:

~ o, from subjet multiplicities [ZEUS]
@ Gluon density from jets [H1]
® v, measurements summary [ZEUS H1]
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ag from subjet multiplicities (ZEUS)

— _
Comparison of the DATA Q242§ Gev
with NLO QCD predictions (2) €. 248 Gev
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g(z) from jets in DIS (H1)

Determinalion o § G __ i _

12 - NLOQCDft  pf =200 GeV?

¥ Gx)

10 - 1 H1 jet data
i wu.l....“r..un_u._.—?_unﬂum.

® Jet cross sections dirsctly sen-
sitive to zg(=) and xq(x)

® Inclusive DIS (%) dirsclly sen-
sitive {o zq(=) only

® o, (Mz) =0.1184 £ 0.0031

Diract determination from jets at
.01 < x < 0.1 is consistent with
results from global fits

Aintar Brincharmey, MM Manicn

x3 and o liomJels in WE 1
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o, summary (ZEUS,H1)

¥

B

T T 1 I I I L] i I
—t—— Experimental errors

'''''' Thearetical error

IRU ZEUS (prel. ) 96—97 Incl, jets

ZEUS NLO—QCD fit (prel.) 2001

==  ZEUS (prel.) 96=97 Subjets

ZEUS dijets
(hep—ex/0102042)

H1 Incl. jets
{hep—ex /0010054)

H1 NLO-QCD fit
(hep—ex/0012063)

PDG 2000
{Eur. Phys, J. C15({2000) 1)
Lo . Bethke
I {J. Phys. G268 {2000) R27)
0.12 0.14 016
{xl (MI)
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Heavy Quarks

e D" cross sections and Fy measurements [ZEUS,H1]
e b cross section at LEP [L3,OPAL]

® b cross section in photoproduction and DIS [H1,ZEUS]
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New measurement using semileptonic decays:

ZEUS Preliminary
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b6 cross section at LEP
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Production of Open Beauty at HERA

QCD calculations available in NLO

€ e Py 7= 1y —+ 'massive’ approach
T (& produced dynamically in hard subprocess)
Tk ® ~p: 'FMNR’ (Frixione et al.)
g b
@ DIS: 'HVQDIS’® (Harris, Smith)
p X

® necessary ingredient to
understand proton structure NLO corrections
large in both cases

® b mass provides hard scale, ie.
good testing ground for pQCD

J. Fromberg Dp=n Beauty Production at HCRA DIS2001 1

DIS 2001 Highlights, F.-P.5chilhing, DESY Seminar, 05,05,/2001 2748



ﬁu.:qum&mdu

Open Beauty at HERA(I) : Photoproduction Cross Sections

new data and new methods — ~p results confirmed and improved

ZEUS: electron pi¢f analysis H1: muon lifetime — pi“ analysis
3 T awnw | 44 . - Damlprel |
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[ NLO QCD: o = (0.64 = “0%)nb] [NLO QCD: & = (104 £ 17) pb ]

1. Erosaberg Jpen Beawty Production z¢ HERA DIS21 16

DIS 2001 Highlights, F.-P.5chilling, DESY Seminar, 08 /05 /2001

28/48



E 9. HIDSEISf:er

Beauty production in DIS (H1)

Open Beauty at HERA (lII)

® first measurement in DIS:

i II.I-I igﬂm{;ﬂhﬁ [-|'|I
= baauty

« Data (prel.} -
- il

1 beauly

0 - mm charm + fake | 1w charm = fake
| g
;:j gm L
z
i 10 -

| 1
. Lkt ] ||
a 1 2 3 4 5 =[k1 {106 ] 0,05 0.1 0,15
pyel [ GeV | Impact paramater & [ &m |

ep —+ bbeX — X' cross section in visible range:

Teis = [39 + 8 (stat.) & 10 (syst.)] pb ‘

NLO QCD: o = (11 % 2) pb

® all measured cross sections above NLO QCD I

— discrepancy theory <+ data further established

— now seen in ep, <o, v and pp interactions H

J. Kinseberg {pen Beaoty Prodactian at HERA Disana1 17
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Spin

® Status of g4
- HERMES low @« data [HERMES]

{valence / sea dec-::mp::rsitic:n]

® Transversity [HERMES]

e DVCS [H1,ZEUS,HERMES]

1/2

~30%

7%
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Spin: Introduction

Quark number density: q(x) ’V\y\f\
(@

Fiy=1zx ﬂi (a(x)+q(x))

Quark helicity: Agix) "\/\l\/‘} @ —_— @
—— e

g (x)=1/2 qu:mqf.mﬁHﬂﬁ{ﬁD 4, —
Aq(x)=(q (x)-q (x))

Quark transversity: §q(x)
hy(xy=1/2 Eq ﬂzqmqr:lj'i‘ﬁa(?{ﬂ '\/\:y\/\} T@ —_— ®¢

Transversity:
— 0q: distr. of transverse quark spin in transversely polarized

nuclean
- 8g # Aq due to relativistic and spin orbit effects

— hy never measured so far, chiral-odd !
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g1: New HERMES low x data

—
X 44 x=0.00863
c rr +. T phen. fit
+ ..-'
G i fr EMmc
I . x=0,0141
H“ 3.2 I ;L III._.I.--" ] . -*- SMC
I;‘.'-:: 1 ) J_'." | I-_ll_..-l
o f ; T.-°
1A x=0,0245
3 _Jr" [}i 1.-
8 B - [ 1 x=0.0348
- _g"'"' T sm0.0490
2'5 B _..r"-;:l I [ = o
.._dl' 1 ;‘- -‘_,_-‘F
e ’}  Xm0.0778
2 --*"'a'ﬁ-b T x=0,122
s 1, F..
IOy
a==T 4% x=0,173
15 | g =
x=0.245
———————— n-ﬂ';"""'i—---‘r-n-
1+ x=0.348
----- Ll el IR SYSSp
E155 prel
ey x=(]. 490
E143 " e et ST Ty
0.2 | v
| @ HERMES i) T8
= s = e o mmm
i (0 HERMES low-x prel.
||| 1 1 1 [ p |
0" -
1 10 10

>, fcm‘.t.'nj wiolation
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. U:nr:i‘.:r)

Transversity: First results

Single spin asymmetry with long. polarized

- "'ﬁ"“ui . rll
target also sensitive to éq[m)Hr‘(l}’q(z) Coiling FuncTion

A I (Tranfv. pot
ClP#7 |5 Sr~15% Frog fanc.)
$pin olepenolgace o.os -
of Qiimuthal  ocir
i, Of Leactiyy 082 I
i = a _#_L--""— _"""-1‘_

P Wwon 4 — T ~

-0.02 | “‘L_j--—"llll A =P, + P, sin g,

—{.04 | B, = =0.007 £ 0.003

+ Py = 0.020 + 0.004
0.06 é -
@ [of 11 arounat ¥* a:.ﬁ!-‘!"#‘“ﬂqj
0.08 —
.04

— DIDE o

m'+.L++*++-4

=P, + P, ain @,
Fy= 0,005 L 0.004
Pr = =0.001 £ 0.C05

0,08 = r!'; ol

¥

e non-zero asymmetry for T, °; difference to

7 predicted by Collins (u-quark dominance in
valence region)

-4

=> Major physics YopiC in PERNES taun O ?
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'l..ﬂ‘.w..ﬁ- ’ . T %oﬁ u_n. ...er‘u\ ~ Ciean process
Xa % - ! | —ALO calc.

X, kX DVCS (ZEUS and H1)

LEUS - first observation of DVCS
u ._hhﬁ._.lu._u_jm. +E # srlection enberiac

£ = IG0Y B o= 10 (leV

mmamﬁh-nrﬁﬁﬁﬂ.‘ ﬂ_ .unl._u.w__._ ”..n_.u.fu eV
*ﬂhgah .n_u = ﬁ. _”..,-..ﬂ.._._w..n
I
PD3F's .
MC:t slope  45GeV™
[see review L )
.—J U_n_.____hu ml.mf.u E-.EEEf - -
.l 3} .-ﬂ HU“__ + |

Il!ili
Eg
£
o

E
i
I

auailobie  [AFred pol)

H1 Cross section measurement (Coot.)

— 102

=, ¥ * H1Preliminary
_m [ BH +DVCS (FFS)
5 E= BH

= o B W T GEY
Eﬂ Ji] & niaent

—

=

o? | GeV?]

=  H1 Preliminary
3 L &M+ DVEE (FF3)
E2 BH #

Iw Qo EbGEY §
2 e et

deidW [ ptv'GeV ]
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G ~ |DUcs|t+ IBH)Y+ [RH*DUCS
= (p. access o amplituse via ¥ asymmotsy !
DVCS (HE”TIEE) L'I“]L{_J-‘Iinffgr;

2-(N*(¢) =N (9))
(12]) - (NT() + N (@)

N+ are the normalized yield of events with
positive and negative lepton beam helicity states.

Ay (o) =

ep—erk  (04<M, <14 GeV)

FIT BY: P1 + P2 glnju)

= 06 |

'E Tt P1= 0.07=0.09

™, |

E- ) o wneE Lnu a%mma#&
= 02| | +‘~t ohserveot | f
7 “.“ | H‘+ ] ﬂ;#ij
ﬂ F e - _—

m !

£ Ve |

oh t

uncorfecled far amesring and coaaptanca

-0.4
l: HERMES PRELIMINARY ‘
|

-3 -2 -1 0 1 2 3

¢ [rad ]

=> Hot Yopic for HERNIES ran]] ?
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Diffraction

e Odderon [H1]
e [actorization breaking?
a) p-diss. p meson production [H1]
b) Leading baryon production [ZEUS, H1]
e Hard Diffraction in DIS:
— Event shapes [ZEUS]
— Dijet production [H1]
— 3-Jet production [ZEUS]
e Diffraction at the Tevatron |CDF,DO]
3
3 —
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s

[
Nt
u} I 'm "
—7— 0= Searching the Odderon (H1)
THE SIGNATURE
. Background Reducticn
ep —= e "N — Mo Bethe-Hedtler
¥ Y = Mo Tracks
N —=nX = - Energy=Momentum
Conservaton
SpaCal
e o !l W e P
[ . e — -
I ETAG
i Simple Skatch of H1 |
— lim '-— —= Mmoo

Moolel: MSU (Stechastic vacuam)
[ Dosch y AMachTmanh | BErgerj

Midg of 180 Siochartc fzéuum

E ‘ « 44 nb H1 praliminary)
; 8 (H1 preliminary]
§ 7 o = 40 nb (MSY predictien)
i gp—athE

Z

restrieted be the viskle & ranger 000 G« f £ 23 Ga!?
A y e 0.7 wad G2 < D1 daa¥?
W, = 200 G
riurtron bagged and extrapsiated va Chibsch Gardan farmalm f

= This O ruled oz !
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Factorization breaking in Diffraction?
(H1,ZEUS)

Leading Baryon Production:

ZEUS LPS:
H1 FPS: ZEUS
S AT A1 P N
4z Landirg Preton Daka S "E" I.|1.=| : P
. .._H1 ." ::' LA £ l e=01.700 g '.:17 : ; * ‘
! L ., E
n.liﬁ' i Lﬁ-{ i [, gﬂ;:mr-l . _.,...T L I”“|I:| - ““1||:= IQIL
n.::-a-: E } ; . 0 ]
:-Iilé.=|... 1 !.;I:II-JEIIIJ.-'-I.
+ 0 | ZEUS FNC:
£ 18 ) ol 829 . £=0.B78 ZEUS
Y
a L1 i oaaaia (i _1|._ il : 3 L l:‘.E#{.N.{ﬂ;EE
0 o 151'1 .:.-I:'j:l i 1;’['::‘:"'1] Ql b ':,,, ; - L

et QO
Proton dissociative p production (H1):

“*n =+ a"Y Ratio p-Diss. / Elastic
E“ #1105 18 GeV! e .
luhs;.-a-'.;:’ - o Breaking of Meye
12 TEIIS, '
E 1- . fﬁ C}:‘},"J' ?-Qf.}‘ﬁ'n ]?
o - ’
..I'i.d_ ;'Il -.l {
oz * b Mot ohSparueo
0
popmon 7L TTIIECST Y Such pronguntsel defore
Trosn present analysly
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[T_‘fnnm shi‘}a:]

Event shapes in Diffraction (ZEUS)

Event shapes In diffractive DIS
Protan is tagged using Leading Proton Spectrometer (LPS)

4 < QF < 160 GeV2, 70« W « 250 GeV ‘
0.0003 < #p < 0.03, 4 < My < 35 GeV
13.8 pb~1, CMS of hadronic system (X )

[Mean thrust value (<. T >) as & function of My

1

ﬁ = * ZEUE ¥ep 1 eXp
n o r Eaperiowab
s — KT r
& ]
"1 g
— dem
-~ E 115 L = }n.-':“"'! ]
T J— -
n) = T [ o '
il mp Lo
}1
195 ~
(fi : max T(fi)) [
i coad e la bl b Lo gl
] 1L 18 k] pL] L] L]
My eV
LB 0 EELGRN, up — ik I
L LR R N BTl
— mrud-n!I'FE-
Bl gy pmri e =
b s SATRAP e
RI U o
B .-". ,.-Ir_"‘f“an‘
kB - r =’
1 |
i | T T T T N TR T T T I T T ..J..J_IJ
H M 1 o E n B
M [Ge¥

< T > now agrees with H1

<« Definition of HFS changed such that short life time
particles such as D+ are decayed.

< T >» becomes larger as Ay increases

< T > in diffraction is smaller than in e+e-

Resolved pomeron model (RAPGAP) describes data

g part only is too narrow ~ e+e-

= Importance of gy contribution in diffraction
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Dijets in Diffractive DIS (H1)

F.-P.3chilling, DESY Chifractive Jet Producteon in D15 - Testing QL Factorzation
Diffractive Gluon Distribution

Dijets directly constrain shape and normalization of g=

H1 Diffractive Dijets

E 2 *_QP4pl=a2 Gev?| %
m 1 2 1
M 1 M
—_— D el — n i i Lk
8 g ] : « H1Data
& 2 - = : res. IP cil. )
- = Hifit2 = s = H1
§ ‘Em - H1 ﬂt 3 i lﬁm - E I E mn H1 '“_3
o : y L) E e : - ACTWTItD
E 400 - | = -_DE 400 |
- . Ay
200 200 b i
u 3 % u -. PR B "I A I | .
1] D.E 0.4 0.6 08 1 0 02 04 06 08 1
z lloee] 5 floes}
P P

[res. 4", BR and quark contributions small]

e H1 fit 2; very good agreement with data
e H1 fit 3: overshoots at high zp
e ACTW-D: too high

= Strong support for fully factorizable diffr. PLOF's in DIS
which are gluon-dominated with momentum distr, flat in =

Proton rest frame picture; ggg 2> gq states

D5 2001, Bolagna, 04,3001 9/18
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3-Jets in Diffractive DIS (ZEUS)

Jet shape in diffractive DIS 3jet events |

E ‘: I.‘ oS (prel.) BE—00 | at [ ¥
A . 1 B (pEdp/2)
L1 I & rrow Davkmur d ful ﬂ['llg) — <E E‘J ‘T >
:: ? {:} D1 AT PO
0o ¢
wa most forward /backward jet
& LB B LB 'O 128 1% E'L?&Je;u"f
FEUS

ZEUS (prel.} 98—-00
B moal bockward Jet
2 movsl Towwore o

1.8 f_% RAPAP = 00N

= sl Backwand jil:

I"'- == manst forwgrd jl_-l-l
1 h, \b
N E'y = 9 Gav
T = Y
a.7s 4
a5 RO .
= "n T
L ¥.
0.8 | -y e
e e
P SN T T T S L S
o 02 04 o ca I 1.2 1.4 1.4
g {radiana}

o Most forward jet is broader than most backward jet

« Data are described by the model where g is emitted
to the IP side and one of ¢ is emitted to the - side.
= Supports the picture
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Ditfraction at the Tevatron
Diffractive dijet production:

w_‘:;:ﬁ E e HY b2 t CODF data

% "-'-mn == H1 fit-0 Ef12 57 Gl

——, b (D=7 0eVE) 0.098 <E< 0005

f_}l—-—\. |‘t| <1.40 Eﬂ'ﬁ"l

:’--I-' L

- 10 ¢
- ,i A ;}‘f HeERA

P L AD
: E.at'i'mjgnr{nﬁﬂh »
01k

Tevatron Summary:

Rv"l -H:r L‘."J corracted with hard glucn |,.,|,-; .

& ODF1B00GeV | '
ga s mg0- 0G| |
nen* Df:.'th S 30 630 ek
2 e I. -T.-I....; i”.lln.:: H

£ Y +.+ sl n b

F P _
1 i iiialet SL I SRS SEIEIRETPCAEE

[

.

. !
I:'.E-_—""E . :

HERA <> TEVATRON: Factorization badly broken!
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Isolated Leptons Update

Standard Model ¢ + P events

& W mostly photo-produced — low(ish) Pr
PY¥ is measured from hadrons — Iy

e Standard Model (QCD LO) o(ep — eW=X) = 1.2ph""

¢ HERA experiments accumulated 120 ph™* fexp.
-~ 30 events already produced in each detector

DIS 2001 Highlights, F_-P.Schilling, DESY Seminar, 08,05 /2001 45,48



Isolated Leptons Update (H1)

§of otann o] oo Combineot
I 1 EPvEC |

E*m

MNew Data sinee Osalm: extra 20 ph~1 o%p i 5 — 320 GaV
4 new W candidates in e-channel {let @ F7 = 25 GeV)

g+ comhbined |

- H1 84-00 Electrons klunns
m efp 101.6 ph 1 ;

P >0GeV (10/7.9 =198 /260718 /105=25

Bisatn {ouly W 8.2]
P2 12 GeY 5/28+£0T |B/268=0T 13/51+13
Aosaica {only W 4.2)

@& Anew

PA>2GCeV | 4/13+03 |6/1.5 04| 10,/28L07 .
ul.alllll.';:ll {Ull]}' W 2.3] EUf.ﬂ* “r Fr ?II

B~ d0GeV | 2/04401 |4/06+02] 6/1.0+043
 (only W 0.93)

2Lp'.'--ﬂrn-

|

@ high £Y = 25 GeV : 10/2,8240.73
84-87 data 38.5 pb~' 5 events Su (2%, 27,17)
89-00 data 651 pb™' B events 4 e and 1

| H1 98-99 «"p [ 13.8 pb~') Data: 0 SM: 1.78
| (el 46 = 0,30 0 32 £ 0.09)
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Isolated Leptons Update (ZEUS)

LEUS prel. Electrons Muons
1994-00 e T Observed /Expacted (W} | Observed/Fxpected (W)
130 pb !

F@i = 25 GeV | 1/ 114+ 0.06 (1.10) | 1/ 1.20 = 0.16 (0.95)
Py > 40 GeV 0/ 0.46 & 0.03 (0.46) | 0/ 0.50 L 0.08 (0.41)

=> o [ SHI $ee$ XKLe§s
v 2EU§ olees NCT

=) L’prawf 01 sdoasniarod
fuctnal s on 2

= HepAJ]
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fersona( Highlesh1s

¢ New _Tru}‘z_ Halasets
at medium XY D j/x‘)ja{f

o [Cw @zfu A Geut Hato \
= ‘}Tﬂmgj«)l,-m;r n::?j',‘a,ry LN}’VL O_

e Jotl: 3 ders 5 " (_'__/
‘fﬁ&da)‘f ) $
o A progs Sections
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& |t was impossible to cover everything!
e Not covered today:

— Vector mesons

— High Q* NC/CC cross sections

— EP-5U5Y, Leptoquarks, excited fermions,
extra dimensions, ...

e Sorry to all whose results were not shown
e Thanks to all who helped by providing plots / transparencies
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