bt
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HERA Fundamentals

e (Ee = 27.5 GeV) ’ p (Ep = 920 GeV)
(820 GeV till 1997)
/ Vs =318 GeV

HERA

Circumference 6.3 km
Peak luminosity

5 103! cm2 sec!
szax = 10° GeV?
max ~1/1000 r'pr*o‘ron

"3

pin Rotator |

Longitudinal e polarisation
Pe=(Ng-N_)/(Ng+N_) ~ 40%
Béam natural transverse polarisation

4—/ Direction (Sokolov-Ternov effect) +
spin rotators

Transverse
Polarimeter

13th Lomonosov conf. V.Chekelian, Review of HERA Results 2
Moscow 23.08.2007



H1 Integrated Luminosity / pb™

Status: 1-July-2007

HERA | & I

400 I I I I ‘ I

| —— électrons
- —— positrons
low E

300 —

200 -

100 [~

1

per expt. HERA I HERA 11
ep ~100 pbl  ~200 pb?
ep ~20pbt  ~180pbt!

HERA II (2003-2007):

- lumi upgrade
- longitudinally polarised e beams

H1+ZEUS in total ~ 1 fb-!
about equally shared between
- experiments (H1, ZEUS)
-e*and e,
- positive and negative P,

1500 — low proton energy run 20 pb-!

0 500 000 -
Days of running for direct F_ measurements
13th Lomonosov conf. V.Chekelian, Review of HERA Results 3
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Energy Frontiers at HERA

Model-independent search
complementary to LEP & TeVatron

H1 General Search, HERA Il ¢'p (178 pb™)

@ 10° o
E 104 ® H1 Data (prelm.) |....
e LEP e |_|>J i > SV
1[):i o
U 10%4 ]
HERA N N e WiE
2 10’1:
TT M ETIII G iiiETIIIIIIAE
10 H1 General Search, HERA Il e p (159 pb™')
2] i -
q TEVATRON q § 10° . ® H1Data (prelm.) |
w 10° e M
. . 0? 7] M
Searches for New Physics: I lam N
leptoquarks, exited fermions, LA A Ml
cqg’rac‘r interactions, SUSY, 10 1
H™, LFV, extra dimentions, W ILiliiiiEELFLiLEIELEC
. o028 RdEmy Y EELFERT
multi-leptons, TUE
13th Lomonosov conf. V.Chekelian, Review of HERA Results
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L eptoquarks (L Q)

Leptoquark: colour triplet boson with leptonic and baryonic quantum number
Fermion number: F=L+3B =0 (e'p)/2(ep)
Buchmueller-Ruecl-Wyler classification: 7 scalars & 7 vectors (spin, isospin, chiradity)

q:

% y-channel %

13th Lomonosov conf.
Moscow 23.08.2007

Comparison with LEP & TeVatron
T~ 1 " 1 1T

18 S~ (F=2)
} = . i
-1 — \oé oL -
10 E }*C-_/ H1 (05) prelim. single LQ ;
l_/ ——— H1 (94-00)single LQ
i DO pair prod. ]
1072 = L3 indir. limit E
200 300 350 400
M,/ GeV
V.Chekelian, Review of HERA Results 5



|solated L eptons with P.™ss at HERA

P = 37 GeV, P"** = 44 GeV, P{ =29 GeV

oy ~ 1.3 pb

+
i"—' VI

X I

Isol.

Jet, PTX

Lepton, P,/
eu,t

e,u+ P:”SS events at HERA I+I1 (e*p, 0.58 fb™)

E ® H1+ZEUS Data (prelim.) N. =57
= AlISM Data —
10° _ Signal N, =53.1+ 6.4
1e —l—l—
10k -
2

13th Lomonosov conf.
Moscow 23.08.2007

_2 1 1 1 1 1 1 L 1 L 1 L 1 L 1 1 1 1 1
10010 20 30 40 50 60 70 80 90 10

X
P> (GeV)

HERA Exotics Working Group

Neutrino, P™s

0

H1+ ZEUS e'p (0.58fbt) data/SM ep (0.97fbY)
e u e,u comb. | eu combined
All P 39/41.3 | 18/11.8 | 57/53.1 87/92.7
PX>25Gev |12/74 |11U7.2 | 23/14.6 29/25.3
(1.80)

e'p H1 (5°<6,<140°): data/SM -> 21/8.9 (3.00)
~1 fb! (H1+ZEUS) for W production study

V.Chekelian, Review of HERA Results




Deep Inelastic Scattering at HERA

Neutral (NC)and Charged (CC) Current DIS :

e p-oe (VX
=-g? = -(k-k’)? virtuality of ~*, Z0, W

QZ
% AT g 1 N X =Q%2(Pq) Bjorken x

y = (Pqg)/(PK) inelasticity

drg SN
S . N -
Uet) quan izt 3 Q2= sxy s=(k+P)?

: 2_€p 2 2
O, 2 .
e e’ Virtual y, d ch =— Y+[ F, Y F $Y— XF3] Y, =1+ (1-y)°
W, Z dxdQ” xQ Y. Y.
Factorisation QPM: F,(x,Q%)=x> A(G+T) xR(x.Q*)=x> B (g -7)
~ F =F —-2xF =0
Opis ~ 0 @ pdf () S
oo perturbative QCD cross section — probe proton with the spatial resolution of X\ ~ 1/Q
pdf — universal parton distribution — probe the EW sector of the Standard Model
functions — probe new physics beyond the Standard Model
13th Lomonosov conf. V.Chekelian, Review of HERA Results 7
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Electroweak Unification

HERA
ﬁ""- 1 I 1 LI I 1 I 1 LU II I I 1 E
3" + H1e*p NC 94-00 + :
QT
L) & H1e'p NC e_ p ]
g 10 5 o ZEUS e*p NG 99-00 -? EW ComponenT Of SM-
s i o ZEUS e'p NC 98-00 1 Oain 25 O 2 ~ 2 2
s 1F - SMe*p NC (CTEQED) E NC cc ot Q7 ~ Mz% My,
- 0" B — SMep NG (CTEGED) ] -> residual differences due to
1 - -
: u/d flavour asymmetry and
10 EE Neutral . helicity factors
A: i, CUrrent  :
10 F S | . .
2 « H1ep CC94-00 H"q‘ Y, VAR The h'ghes"' QZ‘
4T L HiepCC AT ] gy
10 F W R - search for deviations from SM
F = ZEUSe'p CC 98-00 Char‘ged “nxﬁ f f
sF «zeusepccosss Current s ]
10 F . SMep CC(CTEQSD) ~
[ — SMepcC(CTEQBD)
10 E
E y- 0.0 bt
=T I "l. [
0 el
10 10
Q* (GeV?)
13th Lomonosov conf. V.Chekelian, Review of HERA Results 8

Moscow 23.08.2007



NINCTEQSD -

NC at High Q?

0 12 | ) gy ® ZEUS 94-05e'p
= 12 L L N - -
r L J (C) R2 = -16 2
—-— RZ= (0.67 10"°cm)? 1 “ y o
R I S R? = 081 10" em)” | Quark “form factor” with R,
Y L 1 corresponding to the average radius
K v of the spacial distribution of the quark charge
L B e s U RN N _—f T
ﬁuark Raditle Lin'llits o E dG dO-SM 1 52 2
10° 10* — 1__ R Q
Q? (GeV?d) dQZ dQZ 6 q
H1 Quark Radius Limit HERA I+Il (417 pb™)
NE Y el @) T
g 12
. -
0 L
E 08 i PDF Uncertajgty . . .
oo | —REOmImMERA) | Quark is pointlike :
14 | .
- 4 €eP o)
12 { ZEUS R,<0.67 x 1018 m (95% CL)
H1 R,<0.74 x 108 m (95% CL)
o
Q? (GeV?)
13th Lomonosov conf. V.Chekelian, Review of HERA Results 9
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- Total CC Cross Section

‘f]'

80

60

40

20

13th Lomonosov conf.

e H1 Data 2005 (prel.)

V‘? . ot using longitudinally polarised e* and e- beams
e %
Charged Current e*p Scattering weak CC is pure 5 %
T T T T | T T T T | T T T T | T T T T ] lefT_handed (V_A): [—-
ep—->vX | _<I,:|_’ -

O H1 Data 98-99

A ZEUS Data 04-05(prel.) ]| GCe:_Cp — (1i Pe)G((;:p (F)e — O) :

A ZEUS Data 98-99
e'p > vX
$ ® H1 Data
A ZEUS Data

B

SM (H1 PDF 2000)

(

: Q% > 400 GeV?
y <0.9

Pe=(Ng-N_)/(Ng+N,)
- linear dependence is firmly
established both for e* and e
- Wi mass limits at 95% CL (gg=g,, light vg):
W, > 208 GeV (H1, e)
Wy > 186 GeV (H1, e*)
W, > 180 GeV (ZEUS, e°)

vV

| ol T T JT | 1 T | LI | T 1T 1 | 1 T | T T

1

-0.5 0 0.5
\ I absence

of right-handed weak current I W

Moscow 23.08.2007
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0.8
0.6

04
02 [

02 L
04 L

-0.6
-0.8

0.8
0.6
0.4
0.2

0.2
0.4
0.6
0.8

NC: Polarisation Asymmetry

HERA
r T o ! H: "-f 1 r TTTTT T j H:
= = 0.8 =
r H1 (prel.) ] ZEUS (prel.) ]
= - 0.6 =
L 04 - 4]
0.2 F ! H -
o ot bl
02 F f ++ .
i 04 F i =
r o A ] o A ]
O A = -0.6 = A n
T — H12000PDF ' 1 - -- ZEUS-JETS ]
- E A PDF E
wl vl I T T R ST
10° 1t ' 1w
Q’ (GeV?) Q* (GeV?)
— —
a3 H1+ZEUS Combined (prel.) E
| - + —
A .
E | e 7
: ]
b o A- | E
- " A .
—— HI1 2000 PDF
e ZEUS-JETS PDF E
L1 ‘ 11 ‘
10° 10*

13th Lomonosov conf.
Moscow 23.08.2007

Q* (GeV?)

V.Chekelian, Review of HERA Results

Polarisation asymmetry (H1, ZEUS, H1 & ZEUS):

+ R + L
AL — 2 .GNC(Pe )—onc(R7)  RR>0
PR_PL Ji (PR)+Gi (PL) PL<O
e e NC\"e NC\"e e
— a direct measure of parity violation in NC
F/* 1+d, /u
A" =Faxk—~*t—=tax—>"—'
F, 4+d, /u,
__ @ 1
~ Q*+M? 4sn¥y cosy
at low Q2: A"~ 0,A = 0

Aand A" are of opposite sigh and
A*-A" significantly above zero

at high Q?:

11



Light Quark Couplingsto Z

coherent EW+PDF analysis of NC and CC HERA data

3 : ~ 2492 a
((g a, =l —>(@,=+U2Za,=-1/2) F ~F"+ake xBZequvq+aEk(vq+aq)}(q+q)
3 P2 NC =

—— v, =g —2e,8in" 8, XF' = —a.ke2x) enau(q—T)
ZEUS ZEUS
>= [T | T T | T T | [ ‘ [ | 1] [T | T T | T T | [ ‘ [ | 1]
_ ZEUS-pol-a -v,-PDF (prel.) i - ZEUS-pol-a_-v-PDF (prel.) ]
41— M tolal uncert. u — 41— M tolal uncert. —
: uncorr. uncett. : : uncorr. uncett. :
- WEE H1 prel. (HERA I+l 95-05) . - WEE H1 prel. (HERA I+l 95-05) :
05 Q ] 05 ]
o 4 o =
0.5 - -05F -
B * SM _ N * SM ]
B — CDF ] B — CDF ]
- 68% CL LEP . - 68% CL LEP .
-1 7 -1 7
[ | I | L1 | I ‘ [ | | [ | [ | I | L1 | I ‘ [ | | [ |
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
TeVatron: qg>e'e (Ag) G Ay

LEP EWWG: ee>qq at Z (a2v2,a2+V?)

13th Lomonosov conf.
Moscow 23.08.2007

-> help to resolve LEP ambiguity
-> the best precision on u quark coupling to Z

V.Chekelian, Review of HERA Results
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Protonstrukturfunktion F,

12F

The Rise of F, to Low x at HERA

= —
(=] @ %]
L) T 1.7

e
£
T T T

the first HERA data: 5 15 ey’
-> discovery of the F, riseatlow x ~ ©£25
1992 s
2 ®H1 92 2
O ZEUS 92 v NME o
s A BCDMS 2
' — GRV91 <
(5]
® H1,ZEUS 1 @
4 A andere Experimente I45)
2 Vz‘ (CERN, Fermilab) [ S
i oo % ——  QCD-Anpassung 05 | 3
0
Nobel Prize Laureate Frank Wilczek:
... Themost dramatic of these (experimental consequences),
that protonsviewed at ever higher resolution would appear
mor e and mor e asfield energy (soft glue), was only clearly
verified at HERA twenty yearslater. ...
-> The rise is driven by gluon
Impulsanteil x can not rise forever: search for new gluon dynamics
precise data allowi to look for smallest deviations
13th Lomonosov conf. V.Chekelian, Review of HERA Results 13
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Kinematic Reach in x and Q?

2 8 | Atlas and M3
G107

5 decades in x
5 decades in Q2

| | Atlas and CME rapidity plateaun
l{iT: | D0 Central+Fwd. Jeta

=+ CDOF/D0 Central Jetm

full HERA x range is
needed for LHC

ml M=H}‘|;:ev

& fixed target experiments
1| SLAC,BCDMS,NMC,EB65, ...
211

10" |
10 10 10 0 10 0= 10 ]

13th Lomonosov conf. V.Chekelian, Review of HERA Results 14
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Precise SF Data from HERA

Final word on NC SF at Q2 < 10 Gev?

Scaling violations

I sl i
. x=0.000050,i =21 e Hle P
5§ -"‘ x=0.000080,i=20

[ 10 ; x=000013,i=19 = ZEUS ¢'p

e x=0.00020,i = 18
¥
a7 'l'. = x=000032,i=17 » BCDMS
105 3 II-.l"' x=0.00050,i =16
» a5
e . x=000080,i=15 ¢ NMC
ar
gt o x=00013i=14
"-. o~
4 or? o *=00020,i=13
10 P ..-.J..nll'
'y x=00032,i= 12
u ¥ ﬂ‘-...'--- x
up® - -
. . e x=00050,i=11
- =0.0080,i =10
]-03 § o o Jnlulli-i"“" ® E
- e 3 resesamesares x=0013i=9
P R L
—
2 i ‘dﬂe; e R plwye s vt Y x=0020,i=8
2 ¥ .
10 PP bl sy mm g wstygh - X=0032,i=7

4 parpoed e
&

g b8
T e

10 ’ & b edehpdosnd my
o 4 bape-diesdimbiong o
%aseanﬁlmmm-"“......‘.';

#
Felsomapinmano s,
zebb ; st on apsul g . L

P T At B x=0050, i

reren ety o o

=&

sbgppmme B4eul s ® & x=0080,i=53

™ : 1 x=025,i=2
e 1
uark g b i iadanss s o5 gs 0
q Mpet il pil L » Pty r=0d0i=1
-1 " i .
10 -
Mﬁp%thgan # * ; |
i) **. 5 ~ :
10 H1 PDF 2000 | o o { * x=065,i=0
| |
extrapolation
3
10 -
1 10 10~ 10’ 1ot

10
Q% / GeV?

H1 Collaboration

04

02

0.6

Q.8

04

HI Preliminary Q=025 GeV’ Q=035 GeV’
® SVX 00OME 99 ME 97 comb. *
— Fractal Fit T
. 2 _ o, . U .\
— oQ’— 0.2 GeV e $ Y
Q' =05GeV" Q =0.65 GeV© O =085 Gev”
2
= -, H 3 -
e ot S 104 MURRY H1 preliminary
-t R -
! L S - ] - — Fractal Fit
* 1 w=190Gev
4 %2048
Q= 12GeV? Q=1.3c¢ 1 w=1s06ev
10Y .
e £, | werzsgy
- y . ]
e ' 1 w-95Gev
- X256
| w-socey
Q7 =25GeV” Q' =35¢C
» 102 w-rocey
. e 2
?’b"‘o' ! “{. ]
e, .y | w-socey
e 1
W-40GeV
— x16
Q=65 GeV™ Q@ =85¢C W=30GeY
4e 10 o ]
L I % ]
! . 1 w=25Gev
. * "’
T 1 w-16Gey
x2
5 A 5
10 10 10 10 14
] e H1MB99, SVX'00, MB'97 comb.
1 = ZEUS'97
' 4 ZEUS BPT'97
10 .

1072 10

- all H1 data with Q%2<10 Gev? are “averaged” )

- final precision +1-2%

1 10
2 GeV?

-> rich possibilities to determine pdfs, test QCD, transition from DIS to vp, ...
V.Chekelian, Review of HERA Results
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Combined H1+ZEUS Inclusive Cross Sections

HERA T e"p Neutral Current Scattering - H1 and ZEUS

[

L 2

. w " 8 L QP=150Gev? [ QP=200Gev? [ QP=250Gev? [ =300 Gev?
Aim: to have "the HERA data set”" ¢ ¢ g g g
. & ' F - - -
expert knowledge in the treatment of . et . .
CorrelaTions beTween individual daTa seTS 0 r 1 ||||||I| 1 ||||||I| L1l I_ 1 |||H|I| 1 ||||||I| 11 II_ 1 ||||||I| 1 ||||||I| L1 I_ 1 ||||||I| 1 |||||||| L1 Il
[ Qf=a00Gev? [ @f=so0Gev? [ Q*=650Gev? [ '=800GeV?
L E - - - e
HERA I e+p Neutral Current Scattering - HI and ZEUS r r \ r \ r \ j=
¢8 0 Eovwd il Pl HERA T ep Charged Current Scattering - Hl and ZEUS
= 14 [ Q=g [ —~ r - r -
o 1L L o F Q=300Gev? E o QP=500GeV? £ QP=1000GeV? E o QP= 1500 GeV?
o HERA I (prel.) S S = E E
2 F O ZEUS - F9 s a :—} CCtep
1 ||||||I| 1 ||||||I| 111 1 : : :
o HI 0 L L I F r F o
L Q*=3000Gev? [ g g g g
o 05 C o os = - g
r r Bl NGB il Nl il N E
DS B 0 _—I ||||||I| 1 ||||||I| 1111 _—I Qz =3000 Ge\fi: : Q2= ﬁDOD Ge\’: : Q2= SODO Ge\": ‘é
7 E [ Q?=200000ev? [ \ :— N - N E
06 - _f 02 - £
I 2 L L 05 L L L 2
[ E L 111l I 1111 i 1 L L L L -(r
04 |- Z 0 : : L L L L &
L E lo-: 10-' lll 11 \IIIIIl 111 HII_IIl 1 I\Illl\l | AREII]] 1 IIIIIHl 1 sl 1 IIIIII\l 11 1Rl jas]
- — HI12000PDF A 05 - o_ 15000 Gev? |- Q= 30000 GeV? 10" e
02 L —— ZEUS-JETS g T r
= & 0.6 |- =
3 E ® HERA I{prel)
a 04 - —— HI1 2000 PDF
D 1 11 \IIIIl 1| III\Il — 1 11 \\III"1 1| II\Hl4 1 : : - ZEUS_JE’TS
1 10 107 10° 10 02 —
Q%7 GeV? r \
o | Y A I R

' 100

The 15" step: combine all published NC,CC HERA T results (H1 & ZEUS) 1.5<Q2<30000 GeV?

13th Lomonosov conf. V.Chekelian, Review of HERA Results 16
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Flavour Separation: Charged Current

d’occle’p) _ GFMW 1 -~ l2£+W2 y2\N|_ +Y- XWB]

27X 2
dxdQ’ Q+Mi ~
% Hlep % H1e'p 94-00 — SMep (CTEQ6D) ~ X _ :
O ZEUS ep 98-99 O ZEUS e'p 99-00 — SMe'p (CTEQ6D) GCC( ’Qz) reduced CC cross section
JH\‘ T \\\HH‘ T \\\HH HH‘ T \\\HH‘ T \\\HH HH‘ T \\\HH‘ T \\HHL
i = 280 GeV? : Q? =530 GeV? T Q?=950GeV? ] .
2 - l e p T - The CC e*p cross section
E . % 1 - dominated by d quark
B - | G (%,Q%) ~ (T+T)+(1-y)X(d +5)
A u H
- Q?=1700 GeV? - i
1 - S - The CC ep cross section
o5 L g T Tk T 2. | -dominated by u quark
T i N 1 ~ep 2 20T | =
:HH | ’\’\/\HH\ [ i [ L«T\’\’H’“ [ H: | Lol T Y H: GCC (X’Q ) - (u + C) + (1_ y) (d + S)
e
1 . Q%=9500GeV? I Q?=17000GeV? F  Q?=30000GeV’ I
0.75 |- - —+ = . .
- T A 1 - constrain d (u) quark density
05 E T 1 - free of nuclear corrections
0.25 - g + \5\ and isospin assumptions
—HH‘ | \\\HH‘ -7 \T—HH‘ | \\\HH‘ \T—HH‘ | \\\HH‘ | L1 1Tl
-2 -1 -2 -1 -2 -1
10 10 10 10 10 10
X
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Structure Function xF4(x,Q?)

reduced NC cross section: 5

GNe = |52_Y_|5’L iLles

Y Y+

HERA Neutral Current at high x

T T ||||||| T T ||||||| T T |||||||
_ oHiep o H1 e*p 04-00
10 3 - a ZEUS e'p 98-09 o ZEUS e’p 99-00
F  —— SMep (CTEQED) — SMe p (CTEQGD)
1{}4 3
E 0.8 (¥10000) —— oo g BB R E-Br-g=8
1{}3;— 320,13 (%2500 —:rgn—:m—u&ﬂi-l—g-ﬁ:-ﬂ_._g;__
2:_ %018 (X500 —H—u—n-g-nﬁau.g..pgia:
10 3 - e-
F 0=025(100) ——ogeoa-oning - E"i:'g_ T
10 E e_|_
1 g_ =040 (X5 B - B-ET
_1 -
10 F
25 =065 "
10 3 ﬁ
af
10 N T B
10° 10° 10°

Q? (GeV?)

constrain u,,d, at high x :

13th Lomonosov conf.

1_ _11 _5
| Fi7dx =3 jo(zuv+dv)dx_5

Moscow 23.08.2007

mostly due to ~Z interference — k:QzS?\,@ 4S.nzalesz
XFJ? = XY (6 6 ) Ak ~ 2 +d
3 = oy NC NC e Uy ™0y

xF3"% :  little dependence on Q2
— transform to one Q? value of 1500 GeV?
— and average (all Q*> & H1 & ZEUS)

L, l |
=
M H1+ZEUS Combined (prel.)
0.8 - 2y o 2 —
Q=1500 GeV
I — H12000 PDF 1
0.6 - ? ---- ZEUS-JETS PDF -

combined H1 & ZEUS results:

j°'65 F/? dx= 121 + 0.09(sta) + 0.08(sys)
%% \Lo QCD fits: 1.12+0.02 (H1), 1.06+0.02 (ZEUS)

V.Chekelian, Review of HERA Results 18



PDFs from HERA

Inclusive NC,CC cross sections

PDFs @ =106V
\ .
\ ZEUS-JETS fit
\ \\\ | tot. uncert.
\\ \\
N\ Xy
\._\ H1 PDF 2000 ARy
| "'\\'\_ Il exp. uncert.

\\\\\_ [ tot. uncert.

N
",

~

10™ 10° 107

13th Lomonosov conf.
Moscow 23.08.2007

10! 1
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[ —
=
=i R

o L
g

Boson Gluon Fusion

Gluon and sea are devided by a factor of 20

Review of

Parton distributions unfolded in NLO QCD fit using the HERA e* p data only

Gluon uncertainty (with/wo jets)

i I 1k ]
E 0.6 Q'=1GeV’ el Q*=2.5GeV? E
Soap 4 |
5 1~ ]
5 02 4 T .
g b = E
E r s ]
=02 JE — =
] o 1 — 1
S o4l i =
'E=b i it I without jet data 1
0.6 b with jet data -
0.6 } QZ:'IGeVZ Jde QZ:MGeVZ |
0.4

0.2

0.2f
040

Y

0.6 -
0.4
0.2

0.2f

0.4

06 1 .

10" 10° 107 10" 10° 107 10" 1

- jets help to constrain gluon
at medium & high x (0.01-0.4)

HERA Results 19



The Strong Coupling a, at HERA

HERA combined 2007:
a,(M ZZ) =(0.1198+ 0.0019(exp.) + 0.0026(th.)

HERA ay results

-> Very precise

r—+e+— Inclusive jet cross sections in NC DIS

ZEUS (Phys Lett B 649 (2007) 12)

——i Inclusive-jet cross sections in NC DIS

H1 (DESY 07-073)

e HERA combined 2007 inclusive-jet NC DIS

(this analysis)

v HERA average 2004

(hep-ex/0506035)

™ World average 2006
(S. Bethke, hep-ex/0606035)

0.1 012 014

o (M,)

13th Lomonosov conf.
Moscow 23.08.2007

V.Chekelian,

HERA

3 | * ZEUS (inclusive-jet NC DIS)
I v ZEUS (inclusive-jet yp)
0.2 = + ZEUS (norm. dijet NC DIS) el
. = H1 (norm. inclusive-jet NC DIS)
% + H1 (event shapes NC DIS) <
Y 8
o % 3
n & ey
-]
0.15 - } E ;
- % ﬁhﬁ‘Ii [ Es
] z
...... QCD i - = I 8vx
; o (M,) = 0.1189 + 0.0010 1 M
0.1 - (S Bethke, hep-ex/0606035) T 1 1B
10 100
u=Q or B (GeV)
< inclusive-jet NCDIS
° jet )
0.2 [ ZEUS (from do/dELY) |
I = H1 (from d’c/dQ’dEL") -
SN =
- 19
0.15 | I I I '
L R 0 - 2 ;c:
ffffffff QCD ek
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Charm Structure Function F,< (x,Q?)

e
Boson Gluon Fusion (BGF) e
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1 —— CTEQSF3
. . . i MRST2004FF3 —n-f‘:ﬁ;"z
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. . . . . (x47)
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— heavy quark treatment in QCD fit is very 1 10 10’ 10°
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Beauty Structure Function F,2° (x,Q?)

= L B S LU ALY first F,b> measurements (inclusive lifetime tag method)
'3 x=0.0002 :
5 /s ] : : -
= o szb | - consistent with pQCD predictions
0l X=0-g}105 - beauty fraction increases rapidly with Q2
- from ~0.3% (Q? < m,?) to ~3%
L;_:o.ooz .
g = : -> important for LHC (e.g. bb->H)
10 £ o 1
x=0.005 : Beauty photoproduction at HERA
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o T 10 02 1ev? howi d be slightly above th low p+b
mb2 Q? 1GeV showing a tendency to be slightly above theory at low p+
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High y Measurements and Determination of F,
y2

~ _ 11} ° M "
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Low E,Data - Direct F Measurement

oOnec = Fy-f(y)F;

fy)=vy"/[1+(1-y)’]

Q2=40 GeVa

0.9

13th Lomonosov conf.
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FL measurements should allow to distinguish
between different PDFs (MRST, CTEQ)
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Hard Diffraction & DPDFs

QCD factorisation in diffraction:
o(y'p—= Xp)~ p,;, (X, 1:x,07)® 6 . (x,07)

Typically ~10% at HERA Jiprp (XD ® p o (8,0%)
~1% at TeVatron - 1 (PS) (Regge factorisation)
2
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Diffractive PDFs from “Inclusive + Jets’

Diffractive PDFs

inclusive
diffraction
Q> 85 GeV? q
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p P
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-> consistent picture
-> dijets help to improve
gluon density at high

V.Chekelian, Review of HERA Results

26



Factorisation Breaking in Diffraction

Fact. breaking in ppbar Tests of QCD fact. at HERA
diffr. dijets at CDF - factorisation works nicely in DIS
= dijets and D* (as expected)
;’ —= H1 fit-2 — CDF data H1 2006 Fit B DPDF ~ ho hints of br‘eaking in D* in YP
i e ol FR NLOx(1+8, ) .. i
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: ) . .2 @1000— H1 b)‘ E£600- e zeusdaa7rey’ —
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01 | — H12006 DPDF Fit A x!f'sl
‘'E — H1 2006 DPDF Fit B
e : H1 sees a global ZEUS does not see suppr.
0.1 B 1 suppression ~ 0.5 (due to harder jets ?)
Calculations using DPDFs from HERA
are 10 times higher than measured -> needs clarification

dijet cross sections at CDF
-> gap survival probability

-> important for LHC
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Conclusions

After 15 years of data taking HERA finished its operation in June 2007

- in total HI+ZEUS collected ~ 1 fb-! about equally shared between
different polarity and polarization of the e beam

Rich physics output from HERA

- search for new physics ongoing -> no signs for new physics found
1.8-3.0 c effect on isolated leptons remains

- high Q2> ~ m,2,m,,?2 : EW physics -> text book plots

- physics %r'ogram centered around QCD :
-> SF, PDFs, jets, HQ, ay, diffraction, VM, ...

New step in the HERA program
- make full use of statistics, reach ultimate precision in systematics
- the "HERA final results” : H1+ZEUS (combined working groups)
-> provide information essential for LHC collider and beyond
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