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HERA Harvest
data taking longitudinally polarised e* beams:
until mid 2007 W ’ o Bl il

i ’
E, =275 Gevyw E, =920 GeV / x

integrated luminosity:
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Days of running polarisation of more than 45%

We thank the HERA machine people for
delivering a vast amount of beautiful data
on ep collisions
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HERA Program/Outline I

@ Searches + Electroweak Physics
— HERA testing physics beyond the SM with (2 x 0.5 fb™)

@ Proton Structure
= HERA the microscope

» Exclusive Processes:
~ Perturbative QCD
~ Soft QCD and Diffraction
- Heavy Quarks

= HERA probing QCD at small x and high Q2

@ Conclusion
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.) Neutral Currents @ high @?
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Search for Leptoquarks and LFV

first generation LQ search LQ coupling to 1% and 2" generation
Leptoquark Search, HERA I+l (449 pb™)
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unique sensitivity to high mass LQs!
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I Multi-Lepton Final State I

@ Search for multi-electrons: :
(Eur Phys J C31 (2008) 17) H1/ZEUS combined result
Multi-electrons, HERA I+l (e"p, 0.94 fb™)

ﬂ 2e + 3e H1+ZEUS (common phase space)
o 5 @ Data (prelim.)
g 10 —— SM

LL] SM Signal

possible signature for:
H++ - et et

High P_ results H1/ZEUS:
2e: 5 (3.41+0.37)
3e: 4 (1.89+0.24)

HERA Exotics Working Group

v

0 20 40 60 80 100 120 140 160 180

@ Other Multi-Lepton channels X P; [GeV]
investigated by H1:

HU, ELLUL, ENL
= to be combined with ZEUS
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Isolated Leptons and p_™

e, + P™ events at HERA I+ (e*p, 0.97 b

@ topology: (H1 Collab., Phys. Lett. B561 (2003) 241) - .
- @ H1+ZEUS Data (prelim.)

7]
el
o - = All SM
21102 L1 Signal N, = 92.7+ 11.2

= H1 + ZEUS comb.

10E

HERA EXotics Working Group

10.1 1 iaalsinad b adbaad b i b Gad b | 111
0 10 20 30 40 50 60 70 80 90 100
PX (GeV)

Results for p * > 25 GeV (H1/ZEUS e*p):
electron muon electron + muon

16 (13.3+1.7) 13 (12.0+0.24) 29 (25.3 + 3.2)

- H1/ZEUS combined data consistent with SM prediction
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W-Production and Polarisation

Determination of the W polarisation:

dN
dcoso”

André Schéning

«F .- (1+cos0")*+ Fy 2 (1+cos0™*)+ F_-(1—cos6")’

0.5

W Polarisations at HERA

H1 Preliminary

® HERA I+1l Data
YSM
H Single Top

W Polarisations at HERA

Q
a H1 Preliminary
%
8 ® HERA I+l Data
= o — Fit
°
© --=- SM
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qlcos((-)*)

fit W decay angle

— H1 data consistent
with SM prediction
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. Anomalous Single Top Production I

SM cross section negligible at HERA
— high sensitivity to anomalous top quark production

= H1 Preliminary (HERA I1+ll)
=
1 L\ » Excluded
I \ » Excl. by ZEUS
: i Excl. by CDF
final states: - e
* 3-jet -
s lepton + jet + p, ™ Koy < 0.14 1\
—» Excl. by L3
107
o = Koy = Vyorr = ()
HERA most sensitive i m, = 175 GeV
" 1 1 Ll I Al 1 1 1 1 1 L1 I
on coupling «, 107 1 i)
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Proton Structure I

@ New Neutral Current Cross Sections from
H1/ZEUS combination
= highest statistical precision

@ Measurement of the longitudinal structure
function F:

= first direct measurement at low x
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Combination of H1/ZEUS HERA | cross sections

Proton Structure

H1 and ZEUS Combined PDF Fit
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April 2008

HERA Structure Functions Working Group

(NC):

— statistical and also
systematic errors
largely reduced

also new preliminary
HERA | PDF fit

see next talk by
— H. Abramovicz
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Measurement of F,

NC cross section: F,~o.+0,
T

_ 2 v 2

(Tr—Fz(X,Q)_1+(1_y)z FL<X!Q) FLNUL

(F,_ term contributes only at high y!)

_ o, 2 (1 dZ[16 2. X
QCD: FL_41TX X?[?F2+82qwq<1—;>zg(z)

» Indirect method:
-~ F, extrapolation method (Phys.Lett.B393:452,1997)

» direct method: Rosenbluth plot:

- measure o, for same (Q?x) at different y:
Qz F,

S = W — measure at different beam energies

Ep= 920 GeV — lowery e, =
E = 460 GeV — highy (high BG))

high s
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Data from Low Energy Run

l.)

HERA low EP run Status: 1-July-2007
T T
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" high@? 5t |
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Days since 1-Jan-2007
E, = 460 GeV

H1 Preliminary

2] D 23
< * Data <
S . — MC+BG s
G = BG(data) oy H1 data 2007 e*p

background controlled by wrong charge tracks

10
E., /GeV

André Schéning

e il .
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13

Lumi E,
21.9 pb-! 920 GeV
6.2 pb’ 575 GeV
12.4 pb’ 460 GeV
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Cross Sections for F,

H1 Preliminary medium & high Q?
= Jeh Q°-12GeV® |\ Q*-15GeV® | Q°-20GeV’ | ‘,Q%-25GeV’
o~ - R L L L
& ;
k3 ! ;'

) 3 E | |
Q? | 90 GeV?
0.5} -
: A=120 GeV? 2 = 250 GeV?
y ~ 1/x 1.5f 7 100e A -2e0ce
L N
1f - - -
0.5F - - -
15k Q°=300GeV? | Q*=400GeV* | Q?=500GeV? | QF-=650GeV?
5 N 5 ‘ 5 : | \
1 N ¥ N N
: t E E E
0.5 N 5 + C {
15 Q°=800Gev* 10° 102 107 10° 102 107 10° 102 10"
: . B E,=920GeV — c?2°H1 PDF 2000
1f
: * E,=575GeV — %7 H1 PDF 2000
0SfF oo L TTTH ® E,=460GeV — o%°H1 PDF 2000
-3 -2 -1
10° 10" 10 - - F, H1 PDF 2000
X

André Schéning 14 DIS Workshop 2008, April 7-11,2008



Rosenbluth Plot

L)

H1 Preliminary

* SpaCal Ep=575 GeV
* LAr Ep=575 GeV
o LAr Ep=460 GeV
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Direct Measurement of F,

' ©

_ HI Preliminary F medium & high Q?
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Direct Measurement of F,

| @

x—averaged F as function of Q2 (first F_ results released
L -

at Moriond 2008)
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(first F, results release
at Moriond 2008)

H1 Preliminary F

S
N
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— consistent with QCD prediction
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I Exclusive Final States I

@ Perturbative QCD
- jet production and fit of alpha_

- prompt photon production

» Soft QCD and Diffraction
~ diffractive dijet photoproduction

» Physics with Flavours
~ Search for an exotic D*p resonance
~ charm production (D*)
. cmharm and szeauty
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QCD-Compton Boson-Gluon-Fusion

measurement of relative jet rates:
- sensitive to strong coupling
- partial cancellation of exp. errors

normalised inclusive and 2,3-jet
rates measured for HERA |+1l:

Q%> 150 GeV?

- fit strong coupling ¢,

André Schéning 20

Jets in Deep Inelastic Scattering

Normalised Inclusive Jet Cross Section

06— | .
r

H1 Preliminary

inclusive jets

%
&
Ta

04—

Gjet/ One
1O

0.2—

HERA | PLB 653 (2007) 134
(phase space corr'd)
HERA I+l preliminary
1 NLO ® hadr

Normalised 2-Jet Cross Section

| H1 Preliminary

| .

107

%

di-jets

. HERA I+l preliminary
[ ] NLO ® hadr

é:mdt;SGeV
08<® <2
B <

W2 - 16 Gev
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André Schéning

Strong Coupling o,

21

0.15

0.10

o, from Normalised Jet Cross Sections (HERA 1+ll)

| H1 Preliminary

HERA I+l
e ofn=Q)

Combined <og(u)> (incl., 2-, 3-jet)
NLO uncertainty

normalised:
inclusive jets + 2-jet + 3-jet {'

NEW H1: high Q2
s = 0.1182 £/0.0008 exp.

0008 scale) + 0.0018  paf)

M
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| @

0.1

o, from Inclusive Jet Cross Section (HERA-I)

- H1 Preliminary

. o (n=Q)
i HERA |

B —— <0g(1)> from Ujet

NLO uncertainty

- sinclusive jets

Q/ GeV

Strong Coupling o,

0.10

o, from Normalised Jet Cross Sections (HERA 1+ll)

| H1 Preliminary HERA [4l]
+
+  ofu=Q)

N Combined < (u)> (incl., 2-, 3-jet)
NLO uncertainty

normalised:
| inclusive jets + 2-jet + 3-jet {'

NEW H

1: low Q2

xg=0.1186 = 0.0014(exp.) "y oro: (scale) = 0.0021 ( pdf)

André Schéning
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NEW H1: high Q2

1 =0.1182 +

0.0008(exp.)|" oos: (Scale) + 0.0018 paf)

M
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o from Jet Cross Sections

- H1 Preliminary

~ = o4(u=Q)for Q® < 100 GeV? (HERA I)

B * o (p=Q)for Q®> 150 GeV? (HERA I+ll)
- —— Combined <og(pn)= (incl., 2-, 3-jet)
0.3 from G* > 150 GeV?

NLO uncertainty
normalised:
HERA | « inclusive
+ 2-jet
+ 3-jet

0.2~

HERA I+l ;
I L L I L

0-1_ 1 L L1 1 |

10 g/gev @

NEW H1: low Q? NEW H1: high Q2
g =0.1186 = 0.0014(exp.) "y oro;(Scale) £ 0.0021 (paf)  ag =0.1182 +{0.0008(exp.

000 (scale) + 00018 pef)

M
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Strong Coupling o,

o from Jet Cross Sections

- H1 Preliminary

= o4(u=Q)for Q® < 100 GeV? (HERA I)
e o (u=Q)for Q°> 150 GeV® (HERA I+Il)
—— Combined <og(pn)= (incl., 2-, 3-jet)
from Q? > 150 GeV?

NLO uncertainty

0.3

normalised:
HERA | e inclusive
+ 2-jet

0.2 + 3-jet

- high Q2 fit

| HERA I+l ;
0-1_ 1 1 L | - J 1 1 1 | [ |.

10 g/gev @

NEW H1: low Q? NEW H1: high Q2
=0.1186 + 0.0014(exp.) "yoy;(scale) + 0.0021 (pdf) | ag = 0.1182 +{0.0008(exp.

“poon(Scale) + 0.0018pof )

\/

H1/ZEUS combination (2007): D= all consistent
= 0.1198 + 0.0019(exp.) + 0.0026( theory) with world
average !
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Summary alpha_

I.)

—eXp. uncert.
H1 high Q2 jet multiplicities B " th. uncert.
Hiprelim-08-031 e
H1 low Q? incl. jets |
Hlprelim-08-032 e e emeeemsimetemeesemmeme——a-
ZEUS incl. jets .
Phys Lett B 649 (2007)12 e
HERA comb. 2007 incl. jets N _
H1prelim-07-032/ZEUS-prel-07-025 ~ cideea.-.
ALEPH 4-jet rate ol
Eur.Phys.J. C 27(2003)1-17
Bethke ||
Prog.Part.Nucl.Phys.58:351-386,2007. | | |
0.11 0.12 0.13
OLS(MZ)

- experimental error below 1% reached
- unknown NLO scale uncertainty dominating error
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Prompt Photons in Photoproduction

» photon appears directly from hard interaction
— test of QCD

« important background process also relevant
for LHC (e.g. H — vy)

inclusive prompt photon exclusive photon + jet
107

+ H1 preliminary

H1 preliminary

data compared to models
« LO k, factorisation
(Zotov, Lipatov)

-
=]
T T

* NLO calculation
(Fontannaz et al.)

do / dE; [pb/GeV]

do / dE; [pb/GeV]

| —#— H1 HERAZ2 (prel) =—#— H1 HERAZ {prel)

| 44 FGH (NLO) @ hadr. #4% FGH (NLO) © hadr.
BSSN ZL (k_fact) ® hadr. SUSE ZL (k fact)® hadr.

general: L 1t .

5 10 15 5 10 15
good agreement E! [GeV] E' [GeV]
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I Exclusive Final States I

@ Perturbative QCD
- jet production and fit of alpha_

~ prompt photon production

» Soft QCD and Diffraction
-~ diffractive dijet photoproduction

@ Physics with Flavours
~ Search for an exotic D*p resonance
~ charm production (D*)
. cmharm and szeauty
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@) Diffractive Jets in Photoproduction

H1 PRELIMINARY

—— H1 HERA H1 2006 Fit B DPDF
99-00 e+ Data

correlated NLO-FR (1+8hadr.)
Rescatter E uncertainty NLO-KK x (1 +5hadr)
i with p? . — 7
g (x) 3
T ——c, jet o 10 E
factor- 2 e
isation -, E,jet %s-v
g () vy
o
O 1 jet1 —
: =] : ETt2>7.5 CeV _l_ ___________ :
7 gap D events are not  NLO s 061 ]
p p,Y counted if gap § F —
is destroyed R e SE—— :
8I L i M 1I() L i M 1I2 L ». i 1I4
_Q7- jet1 : EX (GeV)
H1 96-97: ET' > 5 GeV suppression by 0.5 H1 PRELIMINARY
ZEUS 99-00: ET’e“ > 7.5 GeV weak suppression o HIERA 9900 o Bata f IO 2 B (1 haa)
— H1 2006 Fit B e H1 2007 Fit Jets
both analyses with different E_ cuts repeated S [ ——
=
by H1 using 99-00 data: .
— consistent with previous H1/ZEUS findings | € o5
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I Exclusive Final States I

@ Perturbative QCD
- Jet production and fit of alpha_

~ prompt photon production

@ Soft QCD and Diffraction
~ diffractive dijet photoproduction

@ Physics with Flavours
~ Search for an exotic D*p resonance
~ charm production (D*)
. cmharm and F2beauty
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Exotic D*p Resonance

Evidence for an exotic D*p resonance reported by H1 at HERA |

1000
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Entries per 0.5 MeV

400
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.

LI »
.
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e Kimm,
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¢
¢
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0.13 0.14

015  0.16  0.17
AM,. [ GeV |

Entries per 10 MeV

40
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75 pbt  H1

o D'p+D*p

— Signal + bg. fit
--  Bg. only fit

3 3.2

3.4 3.
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Entries per 10 MeV
=
I

André Schéning

H1 Preliminary  HERA I data

(in HERA Il phase space)
high proton momentum
® D"p+D"F

[ wrong charge D

[ D* Monte Carlo

3 34 35
M(D*p) [ GeV ]

3.6

30

80

0 _ H1 Preliminary

60
50

HERA I

HERA Il data

high proton momentum

® D" p+D"p
[ wrong charge D
[ D* Monte Carlo

33 34 35 3.6
M(D*p) [ GeV ]
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D* Production at HERA Il

string c—ud

string é-u

* 0 * * .
D* Electroproduction D*-> Knt  D* Photoproduction
= D* in DIS D* in Photoproduction
10 = H1 Preliminary —&— H1 data (prel.) = s
% = HERAII HVQDIS (MRST2004FF3nlo) &102 3 :é:flll'm'“ary _e H1 data (prel.)
£ nvapis(ereass) 2 e [7] FMNR (CTEQS5#3)
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? : ](“LIIF?(;L.. ? - — Inqu;p ;4
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—_ 3 D* in DIS
a H1 Preliminary =~ —®— Hidataprel) D* in Photoproduction
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F "™ and F " using lifetime
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— reduced statistical uncertainties
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D

Searches

@ Leptoquarks + LFV — llias Panagoulias
@ Excited Fermions — Marie Jacquet
@ W Polarisation and Single Top — Eram Rizvi
@ Contact Interactions — Filip Zarnecki

@ Multi-Leptons and General Search
— Andrea Parenti

@ |solated Leptons — James Ferrando
Inclusive
@ Low Q2 FL — Biljana Antunovic

@ High y Cross-sections and High Q2 FL

— Vladimir Shekelyan

@ H1-ZEUS Structure Function Combinations
— Joel Feltesse

@ H1-ZEUS Combined Fits — Amanda C.-Sarkar

@ covered
@ not discussed
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List of New H1 Results

Heavy Flavours

@ F2c and F2b — Andrew Mehta
@ D* Production — Andreas Jung
@ D* Fragmentation — Juraj Bracinik
@ |nelastic J/Psi — Karin Daum
@ Search for a D*p resonance — Katja Krueger
Diffraction

@ DVCS — Laurent Favart
@ Diffractive rho's and phi's in DIS — Xavier Janssen
@ Dijets in Photoproduction — Karel Cerny
@ Dijet Diffractive PDF's — Paul Laycock
Final States

@ Prompt Photons in Photoproduction
— Krzysztof Nowak

@ Strangeness at Low Q2 — Anna Falkiewicz
@ Jets in High Q2 and alpha, — Maxime Gouzevitch
@ H1-ZEUS Combined alpha_fits — Thomas Kluge

@ Charged Particles in DIS — Dan Traynor
@ Low x Dynamics with Final States — Jacek Turnau

DIS Workshop 2008, April 7-11,2008



Summary I

Recent highlights from H1:

» finalising Searches with full HERA | + HERA Il statistics
and in combination with ZEUS (~1fb)

» first direct measurement of F at low x

» jets and hadronic finals state physics with full HERA data
-~ e.g. alpha_with experimental errors below 1%

» high precision PDFs from H1/ZEUS combination

Entering the era of high precision measurements
with full HERA data.

André Schéning 34 DIS Workshop 2008, April 7-11,2008



