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[ On the way to final publications

ANSWERS EXPECTED FROM HERA

* Precision: proton structure functions and a
» Understanding of QCD: hadronic final state, fragmentation, diffraction

» Searches for new phenomena

WHAT MAKES IT POSSIBLE AT H1
» Statistics: HERAI + HERAII Luminosity ~ 500pb-"

» Systematics: improvements in reconstruction and simulation

HERA COMBINED

Combination groups of H1 and ZEUS provide better precision results
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[ Since last PRC }

Publications: Preliminary Results:

« DESY-07-147 Measurement of Isolated « Direct measurement of F, at medium Q2
Photon Production in DIS at HERA - HERA | combined PDE fit

« Multijets at high Q% and measurement of o

* DESY-07-200 Three- and Four-jet

° i 2
Production at Low x at HERA Multijets at low Q“ and measurement of o

« Strangeness at low Q2

- DESY-08-009 A Search for Excited * Prompt photons in photoproduction

Neutrinos in ep Collisions at HERA * Diffractive dijets in photoproduction

* Inelastic J/¥ photoproduction

» Diffractive production of p and ¢-mesons
* D* production in DIS

» D* production in photoproduction

* Charm fragmentation

» D*p resonance search

» Searches for Leptoquarks

» Searches for Lepton Flavour Violation
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Direct measurement of F, at H1

Longitudinal structure function directly sensitive to the gluon density:

F ~o,

F, ~ (o7 +0,)

Reduced cross section:

_ _a 1dz| 16 X
QCD: FL_47r -[Xz —F+ SZe (1 )zg(z)}
(0@ - F (% Q7). y =1 ==
0= 1(1—)L’ YR

Method: measurement of o, for same (Q?,x) at different y (different \s)

Rosenbluth
plot:

at same
(x,Q2)
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[ Direct measurement of F, at H1 }

Experimental challenge at high y:

. hadronic
LAr calorimeter -
- electromagnetic

~ SkaCal . reconstruct electron with small energy

~.I- I | S — y ! EM hadr

7] “—“:K—‘“ﬂ-a\_ =+ high yp background

-

background estimated from data

E, =460 GeV H1 Preliminary
W 72
« Efficient electron 5 * Data s 2
reconstruction j’: 4 - gg?c?ﬁa) 5’
down to 3.3 GeV = S ]
 Data well described 5.
by the simulation 7
0 : : = QA e
4 6 8 10 150 155 160 165 170
E., /GeV 0,/ deg
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Extraction of F,

1.6

o, (x, Q,%y)
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Linear fit to o, at different s:
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o, =F,(x,Q%)-—2
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FL(X!QZ)

1.2
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* slope: F|

* intercept at y=0: F,
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[ First direct measurement of F, at low x at HERA }

N 15
o
x 1
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-

H1 Preliminary FL

medium Q?

Q? =12 GeV?

Q? = 15 GeV?

B

Q? = 20 GeV?
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Q% =25 GeV?

e

- o

Q? = 35 GeV?

Q® = 45 GeV?

Q? = 60 GeV?

Q? = 90 GeV?

1072
X

10° 1072
e H1 (Prelim.)
E, = 460, 575, 920 GeV

— H1PDF 2000
[FH1PDF 2000 ; 5
== 2

-- MSTW

Analyses on the way: F, at high Q? (aimed for DIS 2008), F, at low Q?
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[ First direct measurement of F, at low x at HERA }

Averaged in x bins H1 Preliminary F,
'
C 1~ o HI(Prelim. — H1 PDF 2000
Z L E =460,575 920 GeV - MSTW
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Directly measured F consistent with QCD predictions using gluon distribution
obtained from scaling violations in inclusive measurements
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HERA combined F, and HERA | PDF }

6, (x,Q) x 2
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H1 and ZEUS Combined PDF Fit
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Combined PDF fit performed
on the preliminary combination
of H1 and ZEUS data

Scheme:
Zero Mass VFNS

Fitted values:

gluon, u,, d,,
Ubarzubar+Cbar’

Dbarzdbar+sbar+bbar
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[ HERA | combined PDF Fit ]
Published H1 and ZEUS Combined PDF Fit
L 1 L L A A 1 =
* Q°=10Gev’ j 2 : Q?=10 GeV? S
sl —— ZEUSJETSFt | i — HERA | PDF(prel.) i 2
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- model uncert. xu,
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HERA Structure Functions Working Group

« Combined fit in good agreement with H1 and ZEUS individual fits

* Much improved uncertainty on the gluon distribution: increased precision
constrains gluon better at low and high x — gluon precise even without jets
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[ H1 o, measurement via multijets at high Q2

Direct sensitivity to o
Observables: normalized jet cross sections

Inclusive: oi¢t/c(NC)
Multijets: omultiiet/5(NC)

Normalized 2-Jet Cross Section

H1 Preliminary

I
. ] ’

107 i{zl_—'_ll—, «  HERA I+ll preliminary
€ L 7] NLO ® hadr
NLO and fits: e F
E B =
Scale:p, =p=Q; | & | s
B ST =
PDF: CTEQ®6.5 WP 16 Gev
102 — . : . | | | |
121

CC 1 o /E e —— — e e

08—
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[ H1 o, measurement via multijets at high Q2 }

Method a. (M,) | Exp. error | Scale error PDF error | X2/NDF
Gt/ One 0.1196 | 0.0010 | +0.0049 -0.0036 | 0.0019 | 26.84/23
Gt/ One | 0-1171 | 0.0010 | +0.0048 -0.0036 | 0.0018 | 28.12/23
G5/ One | 0-1179 | 0.0014 | +0.0056 -0.0034 | 0.0009 4.53/5
Combined | 0.1182 | 0.0008 |+0.0041-0.0031 | 0.0018 | 54.79/53

o, extracted from G, / Oy

Combined fit of o

Experimental uncertainty < 1%!

PRC open session 01.04.2008

o, from Normalized Jet Cross Sections (HERA [+l)

0.20[

0.10

~ H1 Preliminary

afp=Q)

NLO uncertainty

Combined <o (u)= (incl., 2-, 3-jet)

10
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[ Open charm at H1: D* production in DIS and yp }

\‘IH//_C BGF: direct sensitivity to the gluon density via

o(ep—D* X) ~y PDF® g(x,Q%) ® 6,4 ,cc ® D°p.(2)

D* in Photoproduction
Y .
c H1 Preliminary
= H1 dat .
530 HERAII o171 cata (pret)
= [ ]FMNR (CTEQ5f3)
% - 3c< < 1.7 GeV . .
3 it This became possible
L20[- s .
) £ due to the Fast Track Trigger !
o] >_+_4
A s _*_'—é—+
o Q%<2 GeV? |
100 < W_ . < 285 GeV
p(D")>1.8 GeV
0 Iln(D'}I < 1.5 . | l | J | J |
1.5 -1 -0.5 0 0.5 1 1.5
n(D*)
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[ Analysis of D*p resonance }

> . > 80 —
[+ [ e . [5} — ]
= s H1Preliminary HERA | data = S H1 Preliminary HERA |l data ]
ot 16 = (in HERA Il phase space) = = s high proton momentum =
. & high proton momentum - e ]
o B ) . O 60 ) -
'CL' 14— . D*D'FD“E = 'CL s D* P+D’+ﬁ =]
& - [_1wrong charge D = 5 [_Jwrong charge D =
B 2 [ D* Monte Carlo ] i=) 50 [ D* Monte Carlo =
= H =] = -
R wf - 88 =

Vel IIII|IIII|IIII|I|II|IIII|IIII|IIII|IIII|

oF
- 30
6F
g 20
4F
2 : 10
29 3 3.1 3.2 33 3.4 3.5 3.6 2 3 3.1 3.2 3.3 34 3.5 3.6
M(D#p) [ GeV | M(D*p) [ GeV ]

» Data of HERA | reanalyzed in the HERA |l phase space for p(p)>2 GeV
* Published HERA | D*p resonance reproduced

* No indication for a resonance in HERA Il data, p(p)>2 GeV

e Limits on N(D*p)/N(D*) = 0.1%
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[ Prompt photons in photoproduction }

q

Photon appears directly from hard interaction:

access to both photon and quark densities

) Inclusive prompt photons in photoproduction at H1 .
10 _+_ H1 preliminary E i H1 preliminary Data agree with models:
ST = 60" e
3| 5 « ZL: based on k, factorization
s | ~ | :
= w_l;ttt S « FGH (NLO collinear):
;..u.‘_ + 40-_*_. _________
T 100 { ]| . * includes contribution from
S 20F Yg—Yg and g—y fragmentation
- (prel) | —e— H1HERA2 (prel.)
| %% FaH (NLO) ® ha. - %4 FGH (NLO) @ hadr.
e ZL (kaact.)@:hadr. | ""/ ZL (k_fact) ® hadr.
1 L o T Lo
5 10 15 -1 0 1 2
E! [GeV] g

May help understanding of the background for H—yy at the LHC
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[ Beyond the Standard Model Searches }

(s-channel)

Leptoquark production

~+ =t

=

LE

at
et I

i 9

\, Lepton Flavour Violating

Leptoquark decay

Exclusion Limits: Leptoquarks

Lepton Flavour Violation LQ Couplings

Leptoquark Search, HERA I+Il (449 pb™)

Search for Lepton Flavour Violation

< / g 1
1 7 //// /. Z
E c<1 /
i _ W
1 »
Nt . 1 b / H1 preliminary
- S, (e'd)
10 1 /2.1 | | _E : SI‘;
H1 prelim. single LQ .
H1 (94-00) single LQ ] 1072 / H1 HERAI 4 {prelim.) single LQ
DO pair prod. H1HERA | single LQ
-2 F . . . . —
10 x OPAL indir. limit 3 DO peir prod. (qqe)
T S R T H TR N R T SR T SR R
200 250 300 350 400 10300 200 300 400 500 600
M / GeV M.,/ GeV
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[ Status of the reprocessing and simulation }

H1 data reprocessing rate 23-Feb-2008

80 — D 300 MiO

— Seta oo /
I — DST5

600

/ // || 150 miO

400 / e
200 / .

| | 50 MiO

00 ' 20 ‘ 40 ‘ 60 %

days Nov Dec  Jan Feb Mar

» Reprocessing of full HERA data (800
Mio events) ready within 1 month

10° events

‘M \\I

AN SRR NN R

Monte-Carlo on the GRID:

° : 100 Mi h
« New developments for the new average speed: 100 Mio / mont

reprocessing foreseen fall 2008 * peak: >200 Mio / month
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[ Summary }

» Many new results from HERA II:
* First direct measurement of F_ at low x
« Significantly improved precision: inclusive + final state data
* Many results on searches in the publication procedure

» Impressive precision of the first combined HERA | PDF fit

» Analysis efficiency improved due to fast data reprocessing and
simulation

PRC open session 01.04.2008 H1 Collaboration : Status Report 19






Presented Moriond 2008

Analysis Strategy

5 hadronic
LAr calorimeter

Electron method:

Q2 = 4EeE” cos?(%)

isolated and compact energy

G elec'tfomagnehc _*'spacal j %
B W _-‘ L ) emnmar ] Ye=1- ;_SII’] f)
— LJUTE | st || Q2
4 "“E“'-k - Xe = 5,
'”E?ﬁfl r¥: ‘ﬁ‘?‘“ir
[ ) : [ @ Scattered electron produces

“High Y” J

@ High background contribution
@ Require track link, higher Rspacar

@ Estimate background from wrong
charged tracks

deposition

@ |dentified using shape and
size of e/m shower profile

“Low Y” J

@ Background free area

@ Rspacar > 20 cm. Do not require
track match

@ ~p MC to estimate residual
background

Andrei Nikiforov DESY

Measurements of the Proton F; and F, Structure Functions at Low x at HERA
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Presented Moriond 2008

Background Determination

@ At high y there is a large
photoproduction background in
which hadronic final state can mimic ——==—— — — -
the signhature of the scattered lepton

: BG:Photoproduction
with low energy

» ot

i

§ . @ Background is measured using data
| &P events with the charge opposite to
lepton beam charge
- ackgroun SGnal +
—| e | TR @ A small charge asymmetry (=~ 5%) at
B A | f& low energies is generated by the
= . , L difference of pA and pA cross

E:alo! ptrac*kCharge SeC’[IOHS
@ Background charge asymmetry is Nl = N+ — kN~
. . = bl

determined USing e+p and e 2 Charge asymmetry factor: k-= N—b_k(l
2003-07 data bkg

Andrei Nikiforov DESY Measurements of the Proton F; and F» Structure Functions at Low x at HERA 14/ 21



Presented Moriond 2008
Low y Control Plots: E, = 920 Data

10° events

1501 e Data
T
2 == o MC
iy
B . 1 0: _!“.vf" : 1
10 20 160 170
E. '/ GeV O,/ deg

‘1'1-
events

Andrei Nikiforov

@ Low background contribution

@ Good control on the e/m and
hadronic energy scales

DESY

angle (fe), etc. are well
described by MC

Measurements of the Proton F; and F, Structure Functions at Low x at HERA

@ Electron energy (E/), scattering
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Presented Moriond 2008

High y Control Plots

E, = 460 Data J E, = 575 Data J
E, = 460 GeV H1 Preliminary E, = 575 GeV H1 Preliminary
%) [} R ]
E 2 « Data E = & - Dala [=4 {
$ 4 L —Mmc:Ba s 3 . LL — MC+BG &' .’*'*MH
o ., =BG(data) o s = BG (data) R ¢ 1
-— - 14 J‘
0.5:
8 g 160 165 170
E, / GeV @,/ deg
2 3] L] = " £
{ = [ = »* { ] i | e
o £y s | 9 15 K 9
® f ok @, o bR >
o 2 Ir ' - © F L ) U
— — = " | -
1 g ! ,H | g
3 j 5
r 2' q) b q‘.-
& ]
El 3
00 20 o0 20 40 % 20 40 60 80
Z,/cm E-p,/ GeV E-p,/ GeV

@ Good description of the data by MC

Andrei Nikiforov DESY Measurements of the Proton F; and F» Structure Functions at Low x at HERA 16/ 21



Presented Moriond 2008

Double Differential Cross Sections

H‘1 Preliminary

Same Q% x range,
different CME —
different y ranges

L 02-15GeV?

caaal

2 g
y = Q°/(xs) 5
. = E o
lower s — higher y i i =
L Q°-35GeV’ [ Q?-45GeV? o
B T o7 [ T o T e et
: i 4 = E, =920 GeV
S N * E_=575GeV
or turns over at low x . i | o E - 460 GeV
i p
due to F F B - F, H1pdf
: i — 0,920 H1pdf
- Q°=60GeV - Q*=90GeV* — 0,575 Hipdf
i i 460 Hpdf
10 107 10 Y07 L

Andrei Nikiforov DESY Measurements of the Proton F; and F» Structure Functions at Low x at HERA



PDF Fits: Theoretical framework
NLO DGLAP evolution

Factorisation and renormalisation scales Q2

Zero-mass variable flavour number heavy quark scheme

Model assumptions

Which will be varied to assess model uncertainty
Q,2=4 GeV? input scale
Q2 .. = 3.5 GeV2minimum Q2 of input data
fs = 0.33D strange sea fraction, means s=0.5d
fc = 0.15U charm sea fraction, means ¢=0.176u
mc=1.4 mass of charm quark
mb=4.75 mass of beauty quark

a.(Mz) = 0.1176 (PDG2006 value) Not included in Model Uncertainty

PRC open session 01.04.2008 H1 Collaboration : Status Report B1



H1 and ZEUS Combined PDF Fit
, 1 ) 1
= C = 1 C - ]
" 08 [ Q" =10000 GeY = 08 I Q" =10000 GeY
06 [ 1 os[ —— HERAIPDF(prel)]
o | s} -f
0F 0F 1
02 —
0 b
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10° 100 100 107 1 10 1007 100 10° 1
X X
wa 40 ¢ 1 &0 80
" as 2_ o " 70 2 _
Q™ =10000 Ge¥ Q" =10000 Ge
30 3 60
25 E S0
20 ] 40
15 - a0
10 3 20
5 = 10
0 0
02 — _-/ = 0.2 —
oF —" 1 o} éﬁ
02 - 1 02 -
10° 100 107 107 1 10 100 107 107 1
X X

April 2008

HERA Structure Functions Working Group
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[ Diffractive dijets in photoproduction (HERA I) }

H1l PRELIMINARY H1 PRELIMINARY
e e —}— H1HERA 99-00 e+ Data H1 2006 Fit B DPDF —{— H1HERA 99-00 e+ Data H1 2006 Fit B DPDF
| d NLO-FR x (1+8 | d NLO-FR x (1+8
B ey ) B ey )
Y+ B NLOKKx(1+8, ) L NLO-KK x (143, )
D' t_ = L B B B e L D L L
IreC . = 600__ __ S 10%F E
> E
. . —— ~ E
pointlike y O = 2
fo L 400 N
i o 10F
2L - F
IP ] i
-o -
..... B |
p p 200F E'>scev | B | Ef>s0ev i
Ef?>4Gev | F EfY>4Gev
NLO x 0.53 | [ NLOxO0.53
R 1 1 | I T R 1 N | P | N 1
5 2fF 7
‘cu 15F 4
0 1b--------epzioooo oo oo o]
‘t' 05p 1 1 1 1 3
Resolved: L
. Xy EJ.?I (GeV)
hadronlike Y H1 PRELIMINARY H1 PRELIMINARY
H1 HERA 99-00 e+ Data / NLO-FR x (l+5had') H1 HERA 99-00 e+ Data / NLO-FR x (1+Bnaar)
- % = H1 2006 Fit A . - % - H1 2006 Fit A
= HL2006FItB . H1 2007 Fit Jets = HL2006FItB . H1 2007 Fit Jets
S T T T T S
(@] L 4
S o8 ... g 1
N £
= = 08
= 0.6 1 3 06
g 18"
. . . . e 1 <~ 04
Factorization breaking:
0.2 0.4 0.6 0.8 1 3 ) 10 12 14
X jetl
v EX (Gev)

 suppression factor same for direct and resolved processes

- dependent on E; of the leading jet : consistent with ZEUS result
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D* in

DIS (HERA II)

Double-differential cross sections:

d26 / dy dQ? [nb/GeV?]

d26 / dy dQ? [nb/GeV?]

d% / dy dQ? [nb/GeV?]

D*in DIS
3 H1 Preliminary
L HERA 1l (DY) <15
2k p,(D*) >15Gev
s
1
5< Q@ <9Gev?
o .
0.02 01 0203
y
D*in DIS
08F
0.6}
04—
0.2} ‘
r 14 < @Q? <23 GeV? o
0.0 .
0.02 01 0203
y
D*in DIS
45 < Q% < 100 GeV?
—+

0.2 0.3

0.1

y

d%6 / dy dQ? [nb/GeV?]

d% / dy dQ? [nb/GeV?]

D*in DIS

Precision will improve further

High precision points out NLO deficits

0.5
9<Q?<14GeV? |

0.0 .

0.02 01 0203

D*in DIS
03F
02
0.1 [
I 23 < Q% < 45 GeV?

0.0 L

0.02 01 0203 y
—e— H1 data (prel.)

55>~ HVQDIS (MRST2004FF3nlo)

///////

HVQDIS (CTEQ5(3)

1.3<m, <16 GeV
2=Q +4m:
1< p”/uo <4

a(Kartvelishvili) = 3.3+ 04
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.Dfin DIS D*in DIS
s H1 Preliminary 2 1} —e— Hidara(prel)
% 15 HERAI % 4448 HYQDIS (MRST2004FF3nlo)
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