H1/ZEUS Project Review 2008

Viladimir Chekelian (MPI for Physics, Minich)

- HERA ep collider 1992-2007
- H1/ZEUS MPI group members
- MPT hadware responsibilities
- Physics analyses

- Outlook
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H1 Integrated Luminosity / pb™

HERA ( May 1992 — June 2007)

Status: 1-July-2007
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1000 1500
Days of running

e (Ee = 27.5 GeV) ’

p

/ Ep = 920 (575, 460) GeV

HERA

peak luminosity 5 103! cm2 sec’!
Q2,0x = 107 GeV?
Mmax ~ 1/1000 Poroton

longitudinal e-beam polarisation

in total ~ 1 fb!
about equally shared between
- H1 and ZEUS
- e*and e-,
- positive and negative polarisation
of the lepton beam P,

H1 Project Review 2008 2



H1& ZEUS MPI Group Members

Responsible director PhD students
- A. Caldwell - A. Liptaj (disputation today in Hamburg)
- R. Kogler
Staff scientists - A. Dossanov
- I. Abt (ZEUS Physics Coordinator, PL) - S. Shushkevich
- C. Kiesling (Project Leader) - P. Devgun (Punjab U., ZEUS)
- V. Chekelian - I. Singh (Punjab U., ZEUS)
- 6. Grindhammer (QCD convener) - V. Drugakov (Minsk/DESY, ZEUS)
Post-docs Engineers
- B. Reisert (ZEUS, FL convener) M. Fras, W. Haberer,
- D. Kollar (ZEUS, left 31.08.2008) M. Modjesch, A. Wassatsch
- W. Schmidke (ZEUS)
- B. Olivier (left 30.09.2008) Support
- A. Raspereza F. Rudert, M.Schaber
Guest scientists In cooperation with former
- A. Levy (ZEUS) MPI PhD students and post-docs
- H. Abramowiz (ZEUS) A. Nikiforov, R. Placakyte,
- A. Dubak /Behrendt/ B. Antunovich, Z. Rurikova,
J. Bracinik
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The (past) MPI Hardware Responsibilities

Dismantling of the detectors is finished in Febrary 2008

H1 ( C. Kiesling, A. Dubak, B. Olivier, A. Nikiforov,
R. Placakyte, B. Antunovich + engeneers)

- LAr trigger
- Neural Network Trigger (L2NN)
- Jet trigger

ZEUS ( W. Schmidke, V. Drugakov, A. Caldwell )

- Photon spectrometer, lumi measurements

Many thanksto MPI engeneers & technicians!!!
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Dismantling: LAr Calorimeter

FBIH/FB2H/OF1H/OF2H are
assembled in the house

45000 readout cells

65000 electronic channels
2008 5




FB1 Octant for MPI Museum
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Dismantling:  LAr trigger

Main trigger for NC/CC at high Q2

6 racks of analog electronics
2 racks for the digital part

5000 Trigger cells (analog signal)
1300 Trigger Towers (em+had)
480 FADC for Big Towers (em+had)

59 trigger elements at L1
( 96 ns, pipelined for ~2.5 ps):

- fwo threshoulds for el. id
- fransverse energy

- missing transverse energy
- fopological energy sums

- event timing (10)

- frack-validated big towers
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Dismantling: Neural Network Trigger (L2NN)

data from the level 1 processors

selection & preprocessing of input data

& 12 networks for specific physics, e.g.

untagged and tagged D*
DVCS

elastic J/¥ and Y production
photoproduction dijets

neural network processors
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Dismantling:  Jet Trigger

in operation from summer 2006
- real time jet finding at L1

acs | 8ru [+ psu -] ssu]—{Tee CTL

SEEEZS q, e

7 B g 0 1 12 13 14 15 16

- collect data with low E,'
for F_ measurement

81_— .WM

¢ 460 GeV, CB region

eff. Jet Trigger & FTT

' together with Spacal, LAr | T
05+ @
' Combined |9
8
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Dismantling: Photon Spectrometer (ZEUS)

R - 3 = —

in operation 2002-2007

- energy calibration of the lumi system
- lumi measurements
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MPI Physics Activities

H1

- Inclusive NC/CC cross sections, structure functions F,, xF;, F,
V. Chekelian, S. Shushkevich, A. Dubak,
A. Nikiforov, R. Placakyte, C. Kiesling
- Inclusive jetsin DIS and photoproduction
G. Grindhammer, J. Bracinik, A. Dossanov, R. Kogler
- Combination of HERA-I inclusive data & QCD fit
V. Chekelian
- Charm fragmentation functions
G. Grindhammer, Z. Rurikova, A. Liptaj, J. Bracinik

ZEUS

- Longitudinal structure function F,_ (B. Reisert, D. Kollar, P. Devgun)
- yp total cross section (W. Schmidke)

- ZEUS Physics Coordination by I. Abt
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Inclusive DI'S cross sections

40! - 2na, . _Y-
Bd0’ X0 Op =—— 0" B (x,Q%) - F(XQ) XF(XQ)

Y, =1+ (1-y)’
3 Y R PR unpolarised NC/CC inclusive cross section
wy F D Atue e st s - proton structure function F,
ll {=gr—— - low x physics
106 il - QCD ClﬂCllYSiS, pde

10 ] HMC

BCDMS

electron and positron beams:
- XF3 : valence quarks
- sensitivity to different flavors in CC

41 E665

HLAC

S 7| polarisation of the lepton beam:
- (V-A) structure of CC at high Q?
- couplings of the light quarks to Z bozon

: different proton beam energies
X - longitudinal structure function F
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Combination of H1 and ZEUS
HERA-I inclusive DIS cross section data

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

The goal > "the HERA data set” _ ..

“ QP=150Gev: [ QP=200Gev [ Q'=250Gev’ [ Q=300Gev’

I NCe

expert knowledge in the treatment of
correlations between individual data sets

o, (x.Q°

r 1 |||||||| 1 |||||||| L1l Il L L 11 i1l L L L1 1 L Lo L1 Il
HERA I e'p Neutral Current Scattering - H1 and ZEUS ot o = 100 oo

r\a [ - L i i i
3-{.4 L4 x=0.002 o r:} C L " "
o &E P? e HERA Ie™p (prel) 0 :_I Ll ol N :_I HERA T ep Charged Current Scattering - Hl and ZEUS

oup

L2 il 0 ZEUS [ Q-0cev: [ h FoQ¥=3006ev? [ QP=500Gev? F Q= 1000GeV? F QF= 1500 GeV?
i}k o Hl LT L \i,_ 3 ; ; CC? -
| ﬁy. L 1.5 ;— ;—} ;_e p
7 S TS o N i W | N
0.8 »§§ & o jo x=0.02 . 05 L R C 0.5 i i— f—éﬁx i— Eﬂ
- b %ﬁl@%ﬁ 2 r r E il Sl il Sl i bl ol N B
& elean ™ T g . . i i i i 2
. Ny | | o r r [ QP=3000GeV: [ Q'=5000GeV? [ Q2=8000GeV? | 2
0.6 Y {L’%‘E % 0 =t IRRTITT IR RTTIT BT ¥ ) '_ ‘_ -_ —_ é
. & ?j‘ Z [ Q*=20000Gev? [ r r r r &
D4 A § i r + L L L E
' x=0.25 : 02 I o o i E
o 3 F F F k F
0.2 ? o % E‘ dﬁ u:i& E O II”““' 2"”“"' II - ' Tll 11 \|||||| 111 \|||_||| 1 |\||||\| 1 11 H||_|| 1 ||||||\| 111 ||||_\|| 1 ||||||\| L1 1Rl I-i-‘
¢ E 10 10 0% 1 Q7= 15000 GeV? [ Q= 30000 GeV? 10 g
. : : S 06 | 3
L 10 10” 10 10 E E ® HERA I(prel)
Q7 GeV? 04 - ——  H12000 PDF
C C ——  ZEUS-JETS
- significant reduction of uncertainty 2 3 \
by cross calibrating the various data sets ! o o

For the moment combine published NC,CC HERA T results (H1 & ZEUS) 1 H< Q2< 30000 GeV?
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HERAPDFO0.1 - PDFsfrom HERA

NLO QCD PDF fit using the combined e* p NC/CC HERA-TI data set used as a sole input

1 1

Q*=10 GeV? | % i Q*=10 GeV?

Comparison with MSTW

S
"

Comparison with CTEQ

0.8 0.8

(x 0.05) xg (x 0.05)

HERAPDFO.1(prel.)

HERAPDFO.1(prel.)

A xu,
0.6

Gluon and sea
are devide by
afactor of 20

0.2 -

10 107 10* 10" 1 10 1073 107 10! 1

- impressive precision compared to present global fits
- HERAPDFO.1 isreleased on LHAPDF (5.6.0 23.10.2008)
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Measurement of Longitudinal Str. Function F;

5 sensitivity to F|
_ d 20;% ij'az y only at high y
/ -F,- F

O =
T axdQ? | xQ* Vo= (1-y)?
o, F, extraction from H1 data (for fixed W=276 GeV)
;_ ||||| T II|III| LI ||||||| - TTrmm g-\ [
‘0 Q® =200 GeV* ISAREN NLO a, it (H1)
i Py o [ @ H1 preliminary —— NLO fit (ZEUS)
| _\ E, o b | N b| L saHle ——— NLO MRST 2001
| - o< . g O Hle ——— NLO (Alekhin)
*’ data L one pOSS| e WCly es8r NNLO (Alekhin)
R —~ measure c at high'y s F, published by HI making assumptions on|F,
. 15 and assume F, 9 | g
. e 1% i £
y=0.75 L x 0.2 $ ----- 3
LN i T
0 ||||| - L 1 |II|||| 1 1 ||||||| | I.I‘I\‘HII E 0 I
10° 1072 10" 1 S :
1 10

X

> free from theoretical assumption:
measure c at the same x & Q? and different y
by changing the proton beam energy (y = Q?/sx)
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Experimental challenge: yp background (Q%~

Calorimeter

e beam

ZEUS

Y

frue e

%‘Fake e dipole
p beam

= +

true e

6m tagger

- in photoproduction (Q?~ 0) electron with

reduced energy travels along the e beam
direction, bends in the dipole magnet and

hits the electron tagger located at 6 m

- quasi-real photon interacts with the proton
and a final state hadron is misidentified as

a fake electron in the main detector

- yp eventsmeasured with signal in 6 m tagger are used
to normalize PYTHIA yp MC for each E, period
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E/p

make use of electric charge of the scattered
electron using track from the primary interaction,

pointing to the electron cluster:
- good charge measurement resolution
- wrong assignment of the charge < 1%

H1 Project Review 2008

H1

C-")

“wrong”

charge
bkg

H1
e'p

("+%)

“right”
charge
NC+bkg

- identify and exclude half of yp bkg requirethe“right” charge
-> estimate and subtract remaining yp bkg using “wrong” charge

0)



High y region (0.70<y<0.90) at high Q2 (H1)

E, = 460 GeV H1 Preliminary E-Pz is under control

2 | 2 . bata € [ in the full range
e 1T 2 1 —NCMC+EBG 2
D '\(“_,_") J T DEBG (data) D
o o i o
f I
051 0.5 5
I (\\_u) : Q\u
3
| [ s
0 5 10 15 0100~ 120 140 ‘160 0 0 40 B0 %0
Electron Energy / GeV O, / deg E-P,/ GeV
2 L 2 qf
508" g 08 o | ;
| o o
0.6 ‘06 >
04; 04 05+ g
: [ I 2,
0.2- 0.2~ 8
L L o
T TR R 000120~ 140 160 ole L e
20 40 60 80
Electron Energy / GeV O,/ deg

E-P, / GeV

the requirement E-Pz>35 GeV :
- rejects yp background
- rejects initial state radiation (ISR)
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NC cross sectionsfrom H1 & ZEUS

three cross section

for each Q2 and x Ep: 460,575,920 GeV

H1 Preliminary medium & high Q°
Ng 150 Q*=12GeV® |y @°=15GeV | Q'-20GeV® | * Q°=25GeV 2
g
E oy I 5. =F Y F
o 0.5F — . , . : : GNC — 2 2 L
yEb =35GeV? | =45GeV? | =60GeV® | @ LooGev 1—|— 1— y
1f ; — ' -
osf . -
jab. DgiOGer | alaisoael | @hastoaevt | igturfo e - determine F_ and F, from linear
1t - - - fits at each x and Q2
05} :
15t Q==‘300Ge\fz | Q°=400GeV® | Q°=500GeV® | QF=650GeV* . Q2 = 25 GeV?
g : b \ N’:‘ 16 x= DoOD4g [ x= 000062 [ x = 000076
f o
| . T L F H1
L 2 .
[ Q%=800GeV? 10° . i i’ {' +
ZEUS o L * Fl
3 \ T T T T T v
o5k o) Q'=24 GeV*? Q*=32 GeV* Q=45 GeV? 1k 3 -
10® 107 10" i 1 1 ] 18 x= 00010 [ x= 00016 [ x=0.0025
8 i+ ] \ af H1 Data
k3 : ] Ep=920 GeV
depaTur'es of the - J ZEUS (prel.) 12?** i | % E,=575GeV
0 225 Gev (L4.0plisy | ", ® E, =460 GeV
theory curves from o 1 PEREEE) b e
FZ are due to I::.L § Q=60 GeV* § Q=10 Gev:_ 0 02 04 06 080 02 04 06 08 0 02 04 06 08
; v2y,
1.
; L 1 1 — ZEUS-JETS
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F (x, Q%) from ZEUS

ZEUS
CI - 24 GeV? Q= 32GeV? Q’= 45 GeV?
1_

= ZEUS (prel.)

0-:4”_;&{”” : THHT{J”“_

L T T | N
Q’= 80 GeV* Q*= 110 GeV?
\s =225 GeV (14.0pb")
T \5 =252 GeV ( 6.0pb?)
=318 GeV (32.8pb")

-

10 102 -

- F_ measurements are above zero and in agreement with QCD calculations
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0.5
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0.5

1.5F

0.5

1.5F

0.5

1.5F

0.5¢

F (X, Q%) and averaged F, (Q?) from H1

H1 Preliminary F

medium & high Q2

Q° =12 GeV* Q° =15 Ge\® Q® = 20 GeV® 3 Q® = 25 GeV*®
] _ i individual F| are averaged in x
] -
' B - b ' for each Q? using total errors
Q% =35GeV’ ] Q%= 45 GeV® 3 Q® = 60 GeV* ] Q° = 90 GeV*
\ﬁ\\%\\fﬁ\\#‘\ > overall correlated systematics
Q2=1TG9\F 3 Q2 = 150 GeV? 3 Q° = 200 GeV” 3 Q? = 250 GeV*? beTween I::L POinTS iS SFL ~ 005-010
:\#\: \%\: R H1 Preliminary F
] Q° =300 GeV* QF = 400 GeV* : f-\b : i H1 PDF 2000
i _ 3 1.5 e HI1 (Prelim.) ~ CTEQ 6.6
P F . 1 I_ ‘-—_’I : EF' =4ECI, 55, 920 GeV - I\[STW
Q" =800 GoV? 0 10 a0t Y | xvalues for each F (Q?) measurement:
" Bp 3B gIY ofEEBR RR A:
} I'’x 8B 88 888 B BEEBEE 58 88
, ) , L o o O O C o o O OO0 OoO0OC OOC O O
10° 10% 10" =
. _
, 0.5
-~ F_ measurements are in a good -
agreement with NLO/NNLO -
QCD calculations o
> extension to Q2 < 10 GeV? will B
provide an important constraint -
-0-5 11 I
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F (X, Q%) and averaged F, (Q?) from H1

H1 Preliminary F

medium & high Q2

Q° =12 GeV* Q° =15 Ge\® Q® = 20 GeV® 3 Q® = 25 GeV*®
] _ i individual F| are averaged in x
] -
' B - b ' for each Q? using total errors
Q% =35GeV’ ] Q%= 45 GeV® 3 Q® = 60 GeV* ] Q° = 90 GeV*
\ﬁ\\%\\fﬁ\\#‘\ - overall correlated systematics
QgﬂTGe\F Ty S YWY N ey between F, points is 6F ~ 0.05-0.10
:\#\: \Bﬁ\: : R H1 Preliminary F
3]
Q? = 300 GeV? 3 Q? = 400 GeV? 3 B —
- - . O [ e HI(Prelim) H1 PDF 2000
3 - SIS -~ Alekhin NNLO
' SR A o TETEEE --0.27x F, (H1 PDF 2000)
QF = 800 GoV? 107 10° 107 L - mo‘rlva‘red by Schildknecht et al
- 85 2E 8 % gEEToBR REAC
} tx 5555 S35 £58 888 5548
. ) , N o o o o S o o O o6 odd ©o o o g
10° 10% 10" =
' 0.5 3
-~ F_ measurements are in a good T _é__ - B ® %
agreement with NLO/NNLO - **ﬁ o ;‘%é%*u |3
QCD calculations o ¢ 't 2
> extension to Q2 < 10 GeV? will . S
provide an important constraint - - 0
-0 5_I 1 I 1 | 1 [ 1 L1 | L 1 [ L 1 L1 1 I "
- 2 3
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Energy dependence of 6, (yp) (ZEUS)

Calorimeter L fme—e . . . ..
Iﬁ——n ~ / trigger: electron in 6m tagger + CAL activity
photon flux
]:TD < \ / CAL activity dipole yp NHER L
e beam ’TT p beam R _ O-HER _ evt LER f LER
I true e true e o YD NLER L
L"J\Ti 6m tagger O [ER evt uer SuEr
electron in 6m tagger Uncertainties: \ \ /
+0.52%(stat.) £1.05(sys.) £ 1% = 3.5%
from: signal measurement LUMI tagb
(to be improved)
Donnachie and Lanshoff (DL) - yniversul behavior of
fotal hadron-hadron cross section ’(0) 1 —-— CAL acceptance at different W is expected
G (h—h) = As™™" + Bs"" to be the same (checked with PYTHIA)
_ 00808 | p 0455
190 T T T T — ~ 28 2 2 -
ZEUS 1996 1 GTQ‘I’(’YP) W ] W Ep:920/w Ep:460 - 2

.y
=

=

= ot OH1 1904
Eb: + low-energy experiments
- DT ‘JS
— ZEUS fit

R =1.050+ 0.005(stat) + 0.040(syst)
¢ = 0,070+ 0.007(stat) + 0.021(syst) + 0.050(6 mT)

consistent with high energy power obtained
from pp and ppbar data: €=0.08-0.096
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Charm fragmentation function (H1)

Production cross-section for inclusive process ep->H+X:

O = z:z Ek fi/p(wa Ju'f) b2y a-i*y—>kX (as(,ulr)a Mr, ﬂrf) X .DEF(Z, IJ;[‘)

Parton Density Hard Scattering Fragmentation Peterson parameterisation:

Function (perturbative) Function DH (=) o — 1 |

21— (1/2)—¢/(1 = 2)]?
Understanding of the charm fragmentation
is crucial for high precision measurements
in charm sector at HERA

[2] L
1 * ZEUS(prel.)120 pb"' : za(E+P),/2E,,
. 5 F CHTZaEAP ) B E4P)
o g ® ARGUS :Vs=10.6 GeV, z=P,./(E* , -m° ) -
__{BE4p1) D* © " 0 OPAL: Vs=91.2 GeV, z=2E,.Ns
diet = (Fiphia - Y CLEO :Vs=10.5 GeV, zaPy /P, ,
je Z sF BELLE : Vs=10.6 GeV, z=P,./P, .
25k
- %.} 1) .',l
Zhem = Z—L(E+p") > ds § | 1'% universality of
hem (E+P)i - 1 b .
- I ; fragmentation
15F .
,( : 2 : “ ‘ function
- I
5 1= T
Z : :il CH
! 05F 1 ol 3
| L odd ]
— \ 0 L 1 | 1 1 &
0 0.2 0.4 0.6 08 1
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Charm fragmentation function (H1)

Production cross-section for inclusive process ep->H+X:

G = Z?, Zk fi/p(wa i) ® Tiy—skX (cts(pr), they pig) ® Di?r(z: pr)

Parton Density Hard Scattering Fragmentation Peterson parameterlsatlon
Function (perturbative) Function D (=)

1= (1/z) —¢/(1=2)P

Understandin i .

. . g ?f the cf\a.r'm fragmentation [gesylts: Summary for € per.
is crucial for high precision measurements
in charm sector at HERA ——s—— Hera Il & RAPGAP (This analysis) } A Llpt@ th

————  Hera Il & CASCADE (This analysis)

@ Hera | & RAPGAP } H 1 pUb| | Cati on

E+ *
_ ol Hera | & CASCADE

List = (E+p)jet
¥ ewsele 1 fig by Al intaj (PYTHIA)

. (Ermi)pe jet
Zhem = SX—(fip); o e
e i - —— - difference for events with
: ' hem __and without identified jets
(jet) —_——
Zhem ___________________________________________________________________________________________
ete- * —s— |7 inagreement
. e SR with e*e- Belle
1 1 I 1 | 1 1 | | | 1 1 I 1 1 1 1 I 1 1 1
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Normalised jets cross section and o, (H1)

o, from Jet Cross Sections

-~ H1 Preliminary

B = 0 (u=Q)forQ*<100 GeV? (HERA )

N s o4 (pn=Q)for Q> > 150 GeV? (HERA I+ll)
—— Combined <og(u)> (incl., 2-, 3-jet)
0.3 from Q? > 150 GeV?

NLO uncertainty

¢

0.1c ] N

2
10 q/gev 10

normalised cross sections

Orer OaEr Osyer

Opris Opis  Opys

HERA I+IT:

6 times more statistics w.r.t. HERA I
improved hadronic energy scale 2% > 1.5%

at NLO
a.(M2) = 0.1182+ 0.0008(exp)

+0.0041 (Sca| e) + 00018(pdf)

—-0.0031

hext goals :

- also absolute jet cross section

- common binning with ZEUS

- improvement of jet energy scale
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|mprovement of jet energy measurement by
Identification of em clusters using neural network

Permormance of DIS Q%> 100 GeV? with jets
Bias Node®
the neur’al network S - 1'1: e standard reconstruction
Energy - o e e  with improved em/had separation
Num Cellse ook ﬁ"“ b -
o | —— 5GeV<E,., <25 GeV L b= [T T FEAARERAEROE SIS Eae i e s Tmes =
z-clustere > |~ 0.2GeV<E ., < 5GeV o Y
theta e 2 “E . .
. B3 0.95F 2 . 5
phi-crack e B b : gl ® ]
3 0.9
z-crack e ; o2 - e . -
EAKO o ; Y P VY 0.85 5w
EAK1 o | signal efficiency E ™ .
.y o8t after reconstruction
o7st- without final calibration
EAH4 Qutput -
0.? -l 1 l i1 I |- l - I L1 I 11 i I L I i1
EAHG6 20 40 60 80 100 120 140
EAHS e 0.t
<L> e c [ e standard reconstruction
.2 04 e with improved em/had separation
<R> e = C
3 .
S O 0.35( [
Ogr 8 B ®
= bat ® : '
Cov(L,R) ® 5 °°F § + % ?
E out RM b E®
0.25[F
Kurtosis L :t
Kurtosis R 0.2 :—PCSOIU'”OH is
input layer hidden layer output layer orsh improved in the
"Fforward region
P PP P IR EPPEP B IR B B

20 40 60 80 100 120 140
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Outlook

H1

- Inclusive DIS cross section and SF (F,, xF5, F)

- Inclusive jets cross section in DIS and photoproduction

- Combination of the final H1 & ZEUS inclusive (and jets) data
- QCD fits (NLO/NNLO) of inclusive (and jets) data

ZEUS

- NC cross section at high x

- Longitudinal structure function F (extention to low and high Q?)
- vp total cross section

- ZEUS Physics Coordination by I. Abt till summer 2009
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