Highlights from HERA

Vladimir Chekelian (MPI for Physics, M unich)
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HERA II performance

HERA delivered
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days of running

data taking till mid 2007:
~0(0.7) fb-! per experiment in total

HERA II:
- detectors and luminosity upgrade
ep ep
HERA I: 100 pb! 20 pb!
HERA II: 50 pb! 100 pb!

- longitudinally polarised e beam
in the colliding experiments
hatural transverse polarisation

(Sokolov-Ternov effect)
+ spin rotators

typically P,~40%
build-up time ~30min
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The first results from HERA I

pR::LFL} Va

o¢c Total cross section using longitudinally polarised e*and e-

Charged Current ep Scattering (HERA II)

weak CC is pure P

e'p =-vX

® H1 (prel)

o H1

A ZEUS (prel.)
~ ZEUS

— SM (MRST)

ep o>vX

& Hi (prel)

= H1

A ZEUS (prel)
~n ZEUS

—— SM (MRST)

4

Q° > 400 GeV”
y<09

left-handed (V-A):
1 62l(P)=(1+P)ciP (P, =0)

— P.=(Ng-Np)/(Ng+N;)

1 - linear dependence is firmly
£ established both for e* and e-

— - in agreement with SM
- - extrapolation to P,=-1 (e*p):

G2 (P, =-1)=-02+1.8(sta) =1.6(sys)pb

-> consistent with zero
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extrapolations to P,=-1,+1 test the
absence of right-handed weak current
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HERA: the QCD machine

2004 Nobel Prizein Physicsfor the Discovery of Asymptotic Freedom
David Gross, David Politzer, Frank Wilczek

. ... Themost dramatic of these (experimental consequences), that protons
Frank Wilczek: viewed at ever higher resolution would appear more and more asfield
energy (soft glue), wasonly clearly verified at HERA twenty yearslater. ...
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Study of the Nucleon Structure at HERA

Partonic structure

| Atlas and CM=2

1 Atlas and CME2 rapidity plateau
10 7 | D0 Central+Fwd. Jeta
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-> full HERA x range is needed for LHC

Theory Workshop
29 September 2005

Spin structure

polarised target and beam (HERMES)
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Precise SF data from HERA
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rich possibilities to determine pdfs,

test QCD (DGLAP, BFKL,

transition from DIS to vp,
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precision data +2-3%

5 decades in x
5 decades in Q?
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Low x at HERA

Rise of F, towards low x Longitudinal SF F (x,Q?)
2y _ 2y~ 4(Q%) L pQCDfit -
Fz(XaQ )_C(Q )X FI_ = }—jl F{' T — t’T_'\;{_ff_)
o~ 05 v )
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— low proton beam energy running
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NC and CC at High Q?

HERA
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» ZEUS o'p CC 98-00 Charged FAR

- SMe‘p CC (CTEQED) Current
— SMe'p CC (CTEQED)

Probe proton:

quarks are pointlike down to
1/1000 of the proton radius
r<108m

EW component of SM:
GNC ~ GCC at Q2 ~ /‘AZZ,/‘AW2
-> electro-weak unification

high x & high Q2:

_ i -> unfold different quark
2F 107 flavours
10 u — ! Ll :
10 ’ 1{}4
Q? (GeV?)
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NC at high x & xF;
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HERA Neutral Current at high x
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- makeuseof E.

Poidxda? (phiGeV?)

jet’ )
- both for e"p and ep
-> highest x point is an integrated cross section up to x=1 ;
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NC at highest x

29 September 2005

9.+ and events without jets (lost in the beam pipe) to access high x

b dc :
wa dxd Q"
l—x

max

- good agreement
with CTEQ6D

- input to PDF fits
at high x
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Charged Currents &
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Towards the combined HERA SF data

Aim: average the H1 and ZEUS published SF data
in the theory free manner

14 0.6
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® service to HEP community

- unique HERA data set
- proper treatment of correlations between different data sets

® cross checks of systematics: H1 vs. ZEUS
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xf

PDFs from HERA

Parton distributions (NLO): unfolded using the HERA e* p data only

ZEUS

Q’ =10 GeV?

ZEUS-JETS fit
fot. uncert.

H1 PDF 2000

Il tot. exp. uncert.
I model uncert.

H1: NC+CC U,U,D,D,xg<V,Axg—«,

ZEUS: NC+CC & jets U,d,u+d,xg—a

treatment of systematics, parameterisations
forms and other details are subject to conventions

-> PDFs from the H1, ZEUS and global fits
are in agreement

Gluon:
- dominant at low x

- Note: the scale for xg distr. is 10 times larger
> scaling violations

- Xg is nhot an observable
- at Q? of few GeV? gluon becomes valence-like

> jets, heavy flavours, F (x,Q?)
- directly sensitive to xg
- jets constrain xg at x ~ 0.1
- F| can pin down xg at low x
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Light Quark Couplings to Z

AN first coherent EW+PDF analysis at HERA (NC+CC data)
C‘g a, =1 —>(a,=+1/2a,=-1/2) F ~F"+(;+a)KjexD (Vv +an(q+7q)

_ 13 ) NC _ =~
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au og e ad
TeVatron: qq->ee Drell-Yan, A, - more sensitive to u (pdfs)
- compatible precision with the TeVatron
LEP: ee=>qq(y) (a2 +v2) . ar.
@ a - helps to resolve LEP ambiguities
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do/dEE" (pb/GeV)

ZEUS NLO QCD fit (inclusive & jets)

Includejetsin direct yp and DISinto QCD fit
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Boson Gluon Fusion :
depends on xg(x)

> constrain gluon at
medium & high x (0.01-0.4)

QCD-Compton :
depends on q(x) and a,

~ PDFs Qe
| "
\ ZEUS-JETS fit
tot. uncert.
\ N Xy
\.\ H1 PDF 2000 AR
- N e i

\ [ tot. uncert.
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Gluon uncertainty (with/wo jets)
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Strong coupling:

a, (M) =0.1183+0.0028(exp)

+0.0008(model) + 0.0050(scales)
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Inclusivejetsin the Breit frame
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Summary for Strong Coupling at HERA

-------

---------

01
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HERA o, results

Inclhusive jet cross sections in NC DIS
£EUS prel. (contributed paper to EPS05)
Inclusive jet cross sections in NC DIS
H1 prel. { contributed paper to EPS05)
Multi-Jets in NC DIS

H1 prel { contributed paper to EPS05)
Multi-Jets in NC DIS

ZEUS (DESY 05-019 - hep-ex/0502007)
Jet shapes in NC DIS

ZEUS (Mucl Phys B 700 (2004) 3 )
Inclhusive jet cross sections in yp

ZEUS (Phys Lett B 560(2003) 7)
Subjet multiplicity in CC DIS

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

ZEUS (Phys Lett B 558 (2003) 41)
NLO QCD fit

H1 (Eur Phys ] C 21 (2001) 33)

NLO QCD fit

ZEUS (DESY 05-050 - hep-ex/0503274)
NLO QCD fit

ZEUS (Phys Rev D 67 (2003) 012007)
Inclhusive jet cross sections in NC DIS
HL (Eur Phys J C 19 (2001) 289)
Inchusive 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)
HERA average

(hep-ex/0506035)

World average

(5. Bethke, hep-ex/0407021)

014
o, (M)
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bt
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w 0.25

* HERA

Running of a
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L .
=
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I - i
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- i

I QCD
L o (M, ) =0.118 + 0.003 C. Glasman ]

100
B (GeV)

10

HERA-average:
a,(M2)=0.1186+0.0011(exp.) +0.0050(th.)

- small experimental error ~1%
- theory error dominates (NLO)
- call for NNLO
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Charm Production

-> dominated by Boson Gluon Fusion (BGF)
-> resolved photon play important role inyp

p/~ PDFs® pQCD & Fragmentation

et (k) et (k)
G Perturbative QCD:
LT - hard scale m 2.
/ ig 5" - multi-scale problem
proton (P) g 2 2 2
mc ) Q 9 pt
: PDFs:
direct resolved . ..
- directly sensitive to xg
. - photon st r
Fractional rates of Fractional momentum of photon s ructure
charmed hadrons D* from c-quark
- ) ot H .
Charm Fragmentation Fractions at HERA 'E3'5 :_ @ Hi1 Prel. Data 2DOD| Fr agmer]tat I On :
0.6} { } ! ; 3 _ i) 2:: H1 hemisphere method
i MLICS Y B A ff gﬁnﬁ.ﬁj‘f’ HERA ep PCSUH’S are
oal viewo| B % e consistent with e‘e-
d % %}z 33 (ov=ue  measurements supporting
! " re=0h g5 ; Pl universality of
02| +} oy e 1 g{" e fragmentation
1‘: ia 0 f(e=a) 0.5f i 2
0 H1 ZEUS(prel.) Z::JS = 0 - 0.2 0.4 0-6 0-8 1
Z
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Charm Structure Function F, (x,Q?)
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60 GeV” 130 GeV” 500 GeV” x=0.004 (x &%)
0.4 1 T 1 10°? 'f:,...j’i' X =0.006 (x 47)
il T x =0.008 (x 4%
0.2 = HL 9900 (VIX) . ogoeemere=ig ™" x=([|;<0:22)
1 s ZEUS 98-00 D* 1
DEaC o o X=0.02 (x 4"
. 10| == zEUSNLOQCD _rﬁ——l-g":(['fgo)
0% 107 10° 107 107 w0’ X L 10 10° 10°
2 2
e charm contribution up to 25-30% . e Qe
o consistent with gluon from e scaling violations of F, are increasing
scaling violations with decreasing of x (similarly to F,)
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Beauty 1dentification techniques

100~

Jot i - transverse momentum - heavy mass
_ and impact parameter -long litetime
P 3 1 ‘ Emj . ZE[’S:pnI.)!i;T:ES N decay Channels (H’D)
E250 H1 | g [|= LRwbsnc . .
) N B i TTLIERAL - production (correlations)
A sl }L@g Inclusive lifetime tag
%. wol | e 10 11 [ 1 |_| w<90” — d=+d >90" —= 5=-|8
S0l it ?EE ] 6 : (resolution + secondary vertices) (due to resolution only)
B~ Lo . ] T T~ ~ . P_r_"f‘f"y Vertex
H 0 1 > pt'e' FGeV] -0.08-0.06-0.04-0.02 0 0.02 n.mao.?: rg.}oa 2{ . S~ JeLAxis sl / Jet A-xis
- Primary Vertex T& r-¢ plqne Track
ety Two-quark correlations
1 "o S ]
D*p, up (Q, m, ¢) 3 e 3
~ 10 c E
Jet ZEUS O T :
secondary & 250 T ITTTITIITTT I IR | SO S )
vertex c C * ZEUS (prel.) 96-00 ] T e — 3
4 - CTbbMC i — ]
W 200~ ] Jy.v,BHMC & R e T — N
F [CcetMC . E E
primary vertex 10— 12 i ]

jet

'\Hf
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50F

- all tracks with p,> 500 MeV
- subtract the contents of negative bins
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(=]
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W

- both c and b are defined from the fit
- small extrapolation to the full phase space

> [
*9_’: =
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‘Beauty Structure Function F,° (x,Q?)

X 0,000 Cross section fractions
Lr:l . iI:S ] I %_4 L H1 Data
/ bb it . ch . be e
02 x=0.0005 F 10
= 2 X = 0.0002 x = 0.0005
10 qu
10 N MRST04 be
T MRSTO04 f
10
x=0.005 e J—
o -
1 x=0.002 x = 0.005
x=0.013
=1 0~ + f b b+
10
* H1 Data
" H1 Data (High Q%) x=0.032 J— f
— MRSTO04 i=0 | f e
10 20 ... MRST NNLO ’#—:— 10 x=0.013 x=0.032
---------- CTEQ6HQ : " H1 Data (High QY
{k """ i v a fPP [
inclusive lifetime tag ] o
3 -2
0 10 10> 10’ | o 10° . 10 10 10>, 10
0% /GeV? Q’/GeV” Q’/ GeV”
e measured for the first time - charm roughly constant ~ 247%
e compared with NLO and NNLO - beauty changes from ~ 0.3% to ~ 3%
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Summary for beauty at HERA

g | H1 P o dijnX) prl @ Impact Parameter
o g o H1 DIS: o, (ejuX) pr|® Impact Parameter
i Y H Fo (high @) Impact Parameter
L A H1 Ff%(low @°)  Impact Parameter
L-EH 7 gp H1 Prel. 1p: dijets Impact Parameter
b * H1 D*u Correlations
6 A ZEUS 1p: boeX p{"l' o ]
O ZEUSL o, GiX) B HERA colliding experiments
5 O  ZEUS DIS: G, (ejuX) p,
3¢  ZEUS|Prel. D*u Correlations
4 ¢ ZEUS|Prel. uu Correlations - NLO is consistent both
- ¢ .
. IJr Data/NLO with DIS and yp data
Jf % ﬁ { 5 (although systematically higher)
2 4 &
: 6 sy |3
M- % i : T
QCD NLO (massive) 8
i | T
w (@°~0) 10 100
Q% [GeV?]
= W HERA-B (2004) . ]
;g mgé_ ¥ HERA.B (2002) N. Kidonakis et al. (2004)
e HERA-B
5 1 B - close to kinematic threshould
N - old and new results are
? R. Bonciani et al. (2002) pA 9 be CompaTible wiThin 1'5 G
10 :uu B 5l|)[l - ml]ul — :'llm - stllu - ulllu T
Proton energy (GeV)
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Inclusive Diffraction & DPDFs

AT tests of QCD factorisation in diffraction
. let}mz o(y'p—> Xp)~ p,;,(x,.1:x,0")® 6 . (x,0°)-QCD factorisation

w Zp C?g jet M, -f:ff/p(xfpﬁr)@pq/p(ﬁ Q )
;8% NLO QCD fits to H1 and ZEUS data
X ff IP
p o - — C
J’_é o Singlet o 2f Gluon
02 = t
L | B
N ==“=—_—::*‘*"gfq¥ N
of :
DPDFs from F,P ",

-> predictions for
diffr. final states
(D*, jets)

0 1
10 2 107"

E= NLO fit to ZEUS Mx (exp. error)
— H1 2002 NLO fit (prel.)

----- (exp. error)

----- (exp.+theor. error)

(from HERA-LHC workshop)

Theory Workshop V.Chekelian, Highlights from HERA
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- Regge factorisation

Qovzy  —— HI2002fit (prel)
6.5 LRG (H1)
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90




Diffractive dijets in DIS

H1 Diffractive DIS Dijets

& H1 Preliminary H1 2002 fit { prel.)
.| correl. uncert. DISENT NLO™(148,,4)
. - RAPGAP
g 2
i = = =
g of ERN - NLO using H1 2002 fit agrees
3 Le] 3 . . . . o o
E =F - with data indicating validity of
= ot QCD factorisation
IEI.I 0Z 02 04 053 08 07 0B 02 .1 EE.E =22 21 2 <18 18 17 1B -2
Elplch bgml:xm:'
EY (b i ;
= 300 M7 (prel.) 99-00 = 600 r - DISENT NLO ® had. |
orrelated syst. uncertainty ] S i H1 2002 fit (prel. 1
= 250 EISEllIIt" :’Lb@hﬁd. 1,500 . DISENT 1\t1(,l()) ®)had. B
2 o | ZEUS-LPS fit 1% = . GLP fit ]
N 200 N ] = 400 N -
- sensitivity to the choice S 1s0f 1§ #5% 1 S 300p .
of DPDFs 100F 1. ! 0 1 200 |
- better understanding of s0f T, Ch wof e ]
1 o |_.‘T.1f‘1_.'1 ] [ . --—.:L—]'_.'T'._'._'. L]
DPDFS IS needed 0(} 0.2 04 06 08 1 0(} 0.2 04 06 08 1
obs obs
Z1p X,
-> low GLP predictions due to small gluon at large z
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do/dz = (pb)

Diffr. dijets in photoproduction

H1 Diffractive yp Dijets

e H1 Preliminary  H1 2002 it (prel.) B 1000 ZEUSdijetsin yp
correl. uncert. FR NLO*(1+3, _.) L% 2 NLO (R=1)
- RAPGAP 3 N NLO (R=1) NLO from Klasen, Kramer
3-_1000 L <= 600 & had.
o 111 2002 fit +
:,Dg- saop 400 (prel.)
E 600

- data/NLO flat in x,
- global suppression

400 F

Data/NLO

* :."? X ::ulr:\{ I::.Llllv. ::):::l't;lint_\' | by ~0'6
%.1 02 03 04 05 06 07 08 08 1 %.1 02 03 04 05 06 07 08 09 _1 ’:‘ — 2'0 T
|ij ijm é
@) (b) g
H1 dijets/NLO: DIS & yp s
15 H1 Diffractive Dijets (prel.) ol
1. | data bin correlated uncertainty -é
1 H1 2002 fit (prel) g
12 =
] ;
0.8
06 - NLO strongly depends on choice of DPDFs
04 - using H1 2002 DPDFs
02 L - dijets in DIS support QCD factorisation
° - in yp QCD factorisation is broken
-0.2 .
W=185 GeV W=242 Ce\, by factor of 2 independent of x,
'D'dfn_a 03 04 D45 05 055 DB DEB5S
y
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Dittractive D* in DIS

Y
o
Q’ r
}M12 .
g—4| . ZEUS | |
W oz, O | Mx Q% =4 GeV? Q' =25GeV
T —_ [T T T T gy [T T T T T
8= ‘ = . ] L e ZEUS®8.00 ]
0/ e 001 Y 3 [ — NLOQCD
. < i k 10.015 F 5 1ametsev 2
r N ' 149.via Gem <16 G \
_J’—g < 200075 F \ ] [ e 1S
g ] i 1°
. = ] i 1
H1 Diffractive D 2 ooosf ] ooty 1=
S [ ] | ---- ACTW, 5D s
‘3 C & Higeoo(pel) =00025 L J0.005 | T ACTW.fieSG .
i EY NLDGCD .
-E-‘II]E-— E Oll“ 1 1) P A T P I P
— i 4 ZEUS(rescalad) A RARRRE SR RRRERRE LRARRRRR R RAREEE ARama R R
] [ ama ] L
: 0.008 T 1
& . . ] | |
B E ! 0.04 | .
3 0.006 | 1 I la
10 - 1<
0.004 | ] - 1L
1 002} 1.7
0.002 | . ' ]
3 i i N
ol 0 ol L ST TN
25 2 15 -1 05
log(B)
3 4 5 6 7 & 9 . . .
b [GeV] - NLO using H1 2002 fit agrees with data

indicating validity of QCD factorisation

agreement of H1 and ZEUS data sensitivity to the choice of DPDFs

(corrected for difference in phase space)
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Tests of QCD factorisation 1n diffr. -

diffr. D* in yp

ZEUS
=012 LR £0.0225 [+
[ * LEUS (prek) S5 (88 ph - - T.IJ.ISI'deH-Dﬂl'.‘!.ipb
$ 01 = mamemmsen | 2 UL [
2 T 20.0175 |
008 : 0.015 - _\
T 006 /{h\]\ 20.0125 | \}
2| A = 0.01] ~IN\ 0\
0.04 - { ] 0.0075 | h \Ex 1
002" N 0.005 =
_- Ny 0.0025 |
0 7015 20 25 30 35 40 45 50 0 a0 T80 30 560 00
My (GeV) W (GeV)
S [T T T 2 .
gz.s I o EEUS (pred 9500 1 A 1.8 F * EUS (e ) 9S00
rl L [ FRINR NLO (HTFIT 2000 jped ) ] % 1 6 o [ FMINE WL (HLFIT 2002 (e
= af
g z14 |
-] S =12t i I i
o ] 1 : !
e o e
05 f i

I’ L e}
] 04

AP FETTE FRRTS P IETI P P ....|...|.E 0‘2 ]
10 15 20 25 30 35 40 45 5!] 014“ 180 330 260 300
M, (GeV) W (Ge¥)

- direct yp contr. ~80%
- NLO agrees with diffr. D* in yp
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Summary

using DPDFsfrom H1 2002 fit

Summary for DIS :

- diff. dijets data/NLO ~ 1
- diff. D* data/NLO ~ 1
Summary for yp :
- diffr. dijets data/NLO ~ 0.6
(independent of x.)
- diffr. D* data/NLO ~ 1
27
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Elastic J/'¥ production and gluon density

- two gluons are involved :
- gluon at low x and low Q2

- progress on the theory side (e.g. MRT)

Theory Workshop
29 September 2005

~ g(x)?

o(1p — JAp) [nb]

o/ Fi

1
[ o HI
[ A ZEUS
[ — Fit
(% =005 GeV®

Hi

a
L 1 1 L 1
50 100 150 200 250 300
va [GeV]
L] ] ]
— Fit + fit uncertainty
== MRT (H1 QCD Fit)
---- FMS (CTEQ4L, A=4) ;
a-e  MAT (ZEUS-S) b)
" --- WRT (CTEQEM) ]
sssse WMRT (MRST02) .
N LA v ..
1 P 1 PR L PRI |
50 100 150 200 a0
W [GeV]

-> high sensitivity in input gluon
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Deep Virtual Compton Scattering (DVCS)

DVCS - fully calculable in pQCD NLO Freund & Mc-Dermott :
. DGLAP region: |z| > &
N LO H(x, &t 12) = q(a; p®) e Pl
Y HI(xz, &, t: ,u.gj =1 glx: ,u.z_) e~ blt] gluons
MRST2001 and CTEQG

q singlet

= =)

s 3 -

= 3 — % and ¢ generated dynamically
p%p ERBL region: || < &

simple analytic function

— 2 —_ -

N%J 10 DGtO L] | | -g *i e H1

o H1 Q’ [GeV’1| 4 8 — 10 by H1 a ZEUS

2 oL W 1GeV] g2 | & ﬁzi L0 QCD (Freund et ol

s : 1 BN z= CTEQS

o o ?323 """

= = 1 $

% 1F © - “‘3£“::“
2 10 '1__ W = B2 GeV -‘“*:i:;::::::::::::: -----------
Sl : E i< 1 GeV? T
g \II‘IIII‘I\I\llll\|l\l\|\||||‘"‘l‘llll‘l‘ll‘-l"‘ L b b b b b P P b g

0 01 02 03 04 05 06 07 08 09 1 0 10 20 30 40 50 60 70 80 90 100
Itl [GeV’] 2/ GeV?

- first t slope measurements allow absolute - in agreement with NLO QCD prediction,based
theoretical predictions on GPD model without intrinsic skewing
- constraints on gluon and sea GPDs
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- DVCS <«
7 ooo PEny b oegiex £ &
e T s T
‘é._ 0.2 _}++ E3 ++}{ # *
P -04F el F e L. ]
R + x Im[FoH — F1&]
e | S — mess= =i
£ o2f + + + + + ]
%q 0F *-+..+_..“,W, RS ST 2 . ++ e AL mm m ]
£ -02F -+_+ L
i 04 < Im[FH — e8] sl
-0.6¢ - $ 2 1 % (hep-plljh /0506264) |
C e | e e e e e e o e
0 025 05 0 01 02 03 0 25 5 7.5 10
-t (GeV?) Xg Q* (GeV?d)
Theory Workshop

DVCS in HERMES & GPDs

Generalised Parton Distributions (GPDs)

e'

GPDs @twist-2:

Q%>>, t<<

VAT A

H, E H, E

L1l

quantum number of final state
selects different GPDs:

060 +

Jg.q = = lim

29 September 2005
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HERMES:

interference between
DVCS and Bethe-Heitler

DVCS asymmetries.
BCA (e*,e") ~ ReH-cosg
BSA (F’beamipbeam‘) ~
LTSA (P

ImH-sin ¢
targ. Piarg ) ~ ImH-sing

Transverse Target-Spin Asymmetry

will allow the first determination
of J, through certain GPD models

~ 3
g

= lfﬁw + Ad + .--}..QJ +L,+AG+ L,
2 y , ——

Ji’'s Sum Rule:'

1
dr - = -

[Hq.g(x,&.t) + Eq.q(x. &, t)]

Recoil detector (2006/2007)
- detection of recoil proton
- background free DVCS
(bkg ~5% -> < 10/0)

30



®" search at HERA

ZEUS
T T T T T || O 0 - M=1527 + 2. X(stat) MeV
YES =] . ] ZEUS erardz " HERMES (pK.?)
g oo THOV g M M=152141.543 MoV 5
@ 140 &
R 4.6 o effect M=1527 £ 2.3(sta) MeV
% 1£' —Fit ) -Q2%>20 GeVZ 0 ~45 effect 0
§ -3 1/ ndf =59 /46 - Peckaren E - bOTh In pK pKS no Slgnal In pKS
ZEZ: g A e UNE I predommqn’rly in the
ot 15' =15 —i= i forward direction
——r : ZEUS
o VAN B By i
120 + =': 250/ (7(0 - p )
100 |- ‘D 2000 2020 :c:ugs ]
80 © 150:_ l=<1.5 _
of [ 5
‘D_ 'IUD:— ] I l—:
20 = 6. s0[ ]
B T - R VR R T I P TIE IS I8 1 16 1
M (GeV) Qi (GeV?) M('p) [GeV]
NO _
_ low momenium dE/dx selection H 1 (ng,ng) H ERA-B (pKSO) IlmlTS at 95% CL:
S0l o miwmanIiisue  Hiprel| -limitsaf 95% CL % o Brxdo/dy
%:Eg \ § - for Q2>20 GeVz: % 100 <3 7ub/N
{ a0 0<100-120pb 2 T
El I 2 ~7| (ZEUS 0~120 pb) 5 A
20F- 95%C.L. 20<Q°<100 GeV S , 1 A(1520)
NI NSy TS '1J||55Ij _' q7 14 1475 1.55 1625 1.7
N(Kpp)IGeV] pK2 mass, GeV/c”
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Charmed pentaquark

YE
S H1 observed D*p(3100)  M=3099+3+5 MeV 5.40 o ol oxerimonts
3 4u H1 g > « H1 Prel § * « H1 Prel
T wf * Dp+Dp g 150 RAPGAP = 01 ~RAPGAP| - suppression at
% : ” e © | = o+ o central rapidity
5 2 “‘“—I— E o1 i 4"+ | - D*p fragm. is hard
co # * * + pes B I © ot (similar to incl. D*)
10 _ % % % g 005__{'% B D* fr‘om D*p SO'H'CI"
Skl A —+— s than incl. D*
0 3 3.2 34 3.6 45 1 05 0 05 1 % 0z 04 06 08 1
M(Dp) [ GeV ] 1(D*p (3100)) Xops (D)
NO [ | 1T ‘ T |ZIELIJS| T TTT | FTTT | T T ZEUS
100 b+ ZEUS 19952000, 0% > 1 GeV? E - ho evidence for a signql at 3100 MeV
: D** = (Knm, ] - in the phase space similar to H1:
» - L like-sign combinations E Rcorr(D*p/D*) <059% at 95% CL
50§ ++H++++ bt wont E < 0.51% when including D*->(Knrm)m,
- T ++++ } m .
25 4 y compared to HI:
0 :I . | L1l ‘ L1 1| | 111 | L1 | - | - I: Rcor‘r‘(D*p/D*) = (1.59i0.33+o.33-0.45)°/°
29 3 31 32 33 34 35 36
M(D*p) = AM® 4 M(D*+)PDG (GeV) -> still IHCOH’\PGTIble
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[solated leptons with P, mss at HERA

P5 = 37 GeV, P = 44 GeV, P{ = 29 GeV

+
i_‘_' VI

I-I-

10

Isol.

Jet, PTX

Neutrino, P™s

Lepton, P,/
€,L,T

1+PPi=s events at HERA 1994-2005 (e'p, 211 pb’)

All SM N,
Signal

e

—4—

4+,

H1 Data (prelim.) MNp..=34

=25714.0

T

I||||I||||I|||||||||||||I|
10 20 30 40 50

||||I||||I
60 70 80

PX (GeV) e andp channels

Theory Workshop
29 September 2005

H1 e'p, ep HERA | (118 pb) | HERA I+l (211 pb™)
¢ H e (prel) u (prel)

All P.X 11/11.54 | 8/2.94 25/20.4 | 9/5.4

P.X>25 GeV 5/1.76 6/1.68 11/3.2 6/3.2

Double lumi:

€ - excess persists at HERA II
Ll - excess comes only from HERA T

V.Chekelian, Highlights from HERA

33




[solated leptons with P, mss at HERA

P5 = 37 GeV, P = 44 GeV, P{ = 29 GeV

Jet, PTX

Neutrino, P™s

i + = -II lll-ll.
a_‘_“ - I‘
-“‘&_‘_ - ]

X I

Isol. Lepton, P!
e,l,T
EJK
H1 e*p: excess over SM both H1 1994-2005 e+p (158 pb'l) ep (53 pb-l)

in e and p channels

no excess in e"p data e (prel) | p(prel) | e(prel) | p(prel)

All P X 19/14.6 | 9/3.9 6/5.8 0/1.5
ZEUS in agreement with SM PX>25Gev | 923 6/2.3 2/0.9 0/0.9
T channel (P* >25GeV) ZEUS 99-2004 e'p (106 pbt)

ZEUS (130 pb') 2/0.20
H1 (108 pb!) 0/0.53

PX>25Gev | 1/1.50 |
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Summary & Outlook

Rich physics output from HERA:

- centered around QCD, but also EW, searches, ...
- key word - precision

- investigate implications of QCD (evolution, scales, ...)

- provide information essential for future LHC collider,
see HERA-LHC workshop: http://www.desy.de/~heralhc/

- very often data are more precise than theory
- theory should catch up (and it happens, e.g. NNLO in DIS)

HERA II :
- lumi is a mainissue Il ~ O(0.7fb!) per experiment in total:

explore new detectors, clarify isolated leptons, pdfs, HF, F, ...

- less than 2 years of running time left (till mid of 2007)
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