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New H1 Results at High Q?
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e Calibration of the Liquid Argon Calorimeter
e Events at Very High Q
e Results on Searches for
- Leptoquarks
- Excited Leptons

e Neutral Current-Cross Section Measurements
at High @? and High x
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mgn (J° Fhysics at oA

e Probe the proton at very small distances (> 10~1%m)
via t-channel exchange of virtual gauge bosons

xr = Qz
2(P.
_ (1(3-6151)
YT (Pk)

q, 09’

current jet

= proton Structure Functions and pQCD tests
= EW propagators

e Search for s-channel production of new particles
with Yukawa couplings (\) to e-q system

e’ e’
Mx < 300GeV
A X A e.g. leptoquarks
q q leptogluons

o Search for excited fermions:

e.g. e — ey
v* e W — qq
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The Standard DIS Model

Neutral and Charged Current (NC,CC)
cross-sections are determined using perturbative
QCD and Electroweak theory

e Description of the proton in terms of scale
dependent structure functions (SF).

e Parton density parametrizations extracted from
global fits to SF' measurements from HERA
and fixed target also including inclusive lepton
and direct photon measurements.

e Parton densities are evolved to high Q? using
Next-to-Leading Order DGLAP equations.

e Couplings as given in the Standard
Strong-Electroweak Model
SU(3). @ SU2), @ U(1)y

e At high z and high Q? the NC cross-section is

dominated by the u valence quark density, the
CC by the d quark.
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The Standard DIS Model

The uncertainty on the expectation comes from

e The parton distributions which are
determined +5%
a) Input data (e.g. BCDMS at high x
and low Q?)
b) Assumed shape of the distributions
at the evolution starting point.

e The uncertainty on ag which translates
into a 4% uncertainty at high Q2.

e Higher Order QED corrections — +2%.
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NC DIS Event

Q? = 16950 GeV?, y =0.44, M = 196 GeV

et—
27.5 GeV

Liquid Argon Calorimeter:
44000 Cells

o(E)/E(em) ~12%/+/E/GeV & 1%
o(E)/E(had) ~ 50%/+/E/GeV & 2%
AE/E,,, = 1c3%
AE/]Epaq = 4%

AfO, = 2 <5 mrad

measured quantities:
eT: energy E
polar angle 6
hadrOHS: 2= Zhadrons(Eh ¢>>pzah)

tany/2 = X/pp
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NI1nematic Reconstruction

e Electron Method: Ye = 1 &

E. . 20, _ b
Fosin® %5 Q> = 4B E.cos® %
— most precise at high y / low x

— degrades severely at low y

2
e Hadron Method:  yn = % Q2 = 1p—t’;h

— low precision, but only method for charged current

E/ZSiHZ(ge
e > Method: Uz = 3 n E’(12<:>c0896) ng = Tioys

2-Elncident Electron
— precise over the whole kinematic range

— independent of QED initial state radiation

e Double Angle Method:

. tan /2 2 2 tan 6 cot 6/2
YpaA = tany/2+tan 6/2 QDA - 4E€ 2 tan~vy/2+tan /2

— high precision at high @2, but sensitive to QED radiation

— independent of energy scale = used for calibration

e w Method: calibrates X after solving the energy momentum

conservation equations (asuming % — (Z)TT )

(1 ¢>’ye)%? + yh% = Ye <Y
QH?T,e%E + pT,h%2 = PT.,e <PT,h

— identification /correction of radiative events

— determination of kinematics/calibration on an event by event basis
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rlecrron Lnergy Lallbration

e Detailed calibration performed:
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o After calibration, fiducial cuts for z-cracks
(e.g. -55,-65 cm) to maintain the precision below 1 %
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Electron Energy Calibration

e In situ calibration now achieved for the LAr.,, wheels using :
Double-angle method and w-method for NC DIS
Double-angle method and Pp balance for QED Comptons
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LAr regions: forward to backward

e e-calib. well within originally quoted £3% syst. for central LAr wheels
= 1% precision for 6 between 80° to 150°

o In the forward LAr wheels:

consistency from various methods using NC DIS and QED
= calibration scale improved.

Uncertainty at the 3% precision level only limited by statistics
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iectron rolar Angle and LNnergy
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Hadronic bEnergies
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events / bin

Excess of High Q“ Events at HERA

first publications:
H1:  14.2 pb~! Z.Phys C74 (1997) 191

ZEUS: 20.1 pb~1 Z.Phys C74 (1997) 207

c ! T T ““\““\“:
2 52| H1 1994-1996
% g . 1
10 3 ) E
l l
1 E R
- 1
| L

5000 10000 15000 20000 25000 30000

Q? (GeV?)
Q% > 15000 GeV?: Nype=12 & Noyp=4.71, P =6 x 1073

102
H1 94-96 - ZBUS 94-96
10 _+_ 10 4
i T
1 = E :
E ye >0.4 E 10-1 E
10 L Q2 >2500 GeV2|__ o ]
100 150 200 250 0 OT0E 6 0 05 6 0T 6808 1
MG(GGV) XDA
M., =200+12.5 GeV y, >0.4: zpa >0.55 ypa >0.25:
Nops=17 < Nexp20.95 Nops=4 & Nexp:O-gl
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Event Selection for High Q? Searches

H1 z.Phys.C74(1997)191 H1 New Selection

Interaction Vertex

| Zvertex |< 35 cm | Zvertex |< 40 cm

Electron Identification

Shower shape analysis
[solation in 1 < ¢ cone (R < 0.25)
Cluster-track matching for ©, > 10°

Energy-momenta Conservation

413 < Y E <P, <63GeV 410 < Y E <P, <70GeV
(PT,miss/\/ Er < 3v GGV) (PT,miss/\/ Er < 4v GGV)

Kinematics

ET,e > 25GeV ET,e > 15GeV
0.1 <y.<0.9
Q2 > 2500GeV?

1994-96 data: = 443 events = 544 events

PT,miss > 50GeV
(Er <Prp)/Er <05 Background finders

= 31 events
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INU Data Sample 111 tie Ivi-Y I'lane
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H1 NC candidates £ = 37.04=+0.96 pb~!

Q? > 5000GeV? 0.1 <y, <0.9
Obs. = 322 < Exp. = 336 + 29.6
(Newp/Ngen 280% within kine. range)
Q? > 15000GeV?
Obs. =22 & Exp. = 14.7 £ 2.1
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Q? Dependence, 1994-97 Data

e New F. calibration
e Slightly modified selection cuts
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e Slight deviations from SM expe
for Q?215000GeV?

e Excess at highest Q? less signifi
1994—96 data only
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Q? Dependence, 1997 Data Only

e New F. calibration
e Slightly modified selection cuts
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e Good agreement with SM expectation for 1997 data
e Only marginal deviations observed for Q?215000GeV?
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Q? Integrals

1997 Data, H1 Preliminary
2 |GeV? 2500 | 5000 | 10000 | 15000 | 20000 | 25000
Nops 753 178 31 10 4 2
Nprs 758 199.7 | 32.7 8.77 2.61 0.94
+57.9 | £17.6 | £3.8 | £1.26 | £0.43 | £0.17
P(N > Nups.) | 53% 83% 59% 38% 27% 24%
All 1994-97 Data, H1 Preliminary
2 |GeV? 2500 | 5000 | 10000 | 15000 | 20000 | 25000
Nops 1297 322 51 22 10 6
Nprs 1276 336 55.0 14.8 4.39 1.58
+98 | £29.6 | £6.42 | £2.13 | £0.73 | £0.29
P(N > Nops.) | 42% 56% 60% 59% | 1.8% | 0.64%

Systematic errors dominate for every

2

min

e Significance of "anomaly” decrease including 1997 data
e Excess in integrated spectra at Q2215000GeV? remains
... but only marginally supported by 1997 data alone !

e Translation as cross-section corrected to Born level :

OBorn (pb) for Qf > Q2. and yo < 0.9
2 .| SM (MRSH) | H1 (EPS-97) | H1 Preliminary
5000 9.03 8.8611 05 8.607 ) .r
15000 0.38 0.787 0754 0.597 0715
25000 0.040 0.2107¢ 501 0.1687 0 060

Improved acceptance (and statistics !) since EPS 97

H1 Collaboration
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Charged Current Deep Inelastic Scattering

Y

d/\

Cross Section for etp — 0 X :

d>occ B G% 1
dedQ? 27 (1+Q%/m,)

5 (a+c+(1ey)(d+s))

e For e*p scattering the dominating contribution
to the cross section comes from the d quark
= Largest theoretical error arises from
uncertainty of the d quark density

e The main experimental uncertainty is the
hadronic energy scale of the calorimeter
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Update oI Lhnargea uurrent nates

Q7 Spectrum :

events / bin
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Q? Integrals:
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CC DIS, 1994 - 97 Data, H1 Prelim.
2 1GeV? | 2500 | 7500 15000
Nobs 100 41 9
Nprs 95.3 | 27.6 5.07
+16.7 | £8.4 +2.8

e Systematic errors dominate for every ()

2

man

e Excess in integrated spectra for Q?27500GeV?
... but compatible with SM within errors
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INU Events at Large IvViasses

Mass Windows at large y.:

Most significant deviation from SM expectation observed with the
1994-96 data alone for masses M, ~ 200GeV at large vy, :

Nops = 7 within M, = 200 + 12.5GeV
for Negp = 0.95 £0.18

— P ~ 1% to observe an equal or larger deviation within
kine. range in a random Monte Carlo experiment

Including the 1997 data:

Nops = 8 within M, = 200 &+ 12.5GeV
for Negp = 3.01 £0.54

= The 1997 data alone do not confirm the observation of
a “clustering” of events around M, ~ 200GeV

Integrated rates at large masses ( > 180 GeV?):

1994-97 data: Nops = 10 for Neyp = 5.61 £1.03 for y. > 0.4
Nops = 8 for Neyp = 2.94 £ 0.42 for y. > 0.5

1997 data alone: Ng,s = 4 for Neyp = 3.33 £0.62 for y. > 0.4
Nops = 4 for Neyp = 1.75£0.25 for y. > 0.5
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Setting Constraints for Leptoquarks

¢ ¢ o o
T~ —> optimized cut y > ye.us
g ; N scalar_/ which maximizes ratio
)\ LQ signal / background
q ~q q q
da/dy in 1ly da/dy flat

(e.g. >~ 0.4 at M, ~ 200GeV)

. 0l
g : A Hldata,y,>0.1 ]
= :”"”’"'"M'-'-'-'L--ﬁ---. i i NCDIS,y,>01 | Mass SpeCtI‘U_m for
. :""'"A":‘E e Hldata,y, >y, | > used to
E L 5 [ NeDisy >y, Y ycu?
g } | | constrain o(eq — LQ — eq)
| z:: :IA.'.'.'.:
T 1
" 41 Parameters :
: + edeend ]
ok e LQ mass My
"""" e Yukawa coupling A
1 F BRRE
_ 1 (oleg = LQ) xx N x g(x))
H1 preliminary ¢ = BR(LQ — eq)
10 " \ | | ‘ e

75 100 125 150 175 200 225 250 275
M, (GeV)

e cither fix A and set constraints in plane J versus My
e or constrain A vs My in specific models (8 known)

Method : sliding mass window procedure, Poisson statistics

(H1 Collab., Phys. Lett. B369 (1996) 173.)
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vonstralints vs. O 10r Leptoquarks

H1 Preliminary

Leptoquark couplingtoe *+d

= ‘ ]
° i ]
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Leptoquark couplingtoe *+u

G i
+ | . .
© o8l DO combined Limit N
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S: - (NC data only)

& 061 | =3 H1 limit ( A=0.05) ]
0.4} B
0.2f N

0 B-= | i ‘7

225 250 275
Mo (GeV)

== I ‘ | |
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Sensitivity drop on § for Mg ~ 210GeV :
e new calibration = ~ +6GeV
e VM. underestimates Mg by ~ 4GeV

e Unexplored domain covered by H1, even for LQ coupling to etd
e Competition with TeVatron (A = 0.1 corresponds to ~ 1/10 X aeyy,)
e Still a high discovery potential at HERA, provided that § << 1
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Mass-Coupling Constraints for Leptoquarks

Constraints on a specific LQ model (Buchmiiller/Riickl/Wyler)

pure chiral coupling

B=Lor1/2 —> 7 scalar L(Q) types
LQ — e + q, or v 4 q, or both
SEA QUARKS
£ FT T
ol H1 Preliminary

10 | |
Y N L S
S SO,L
10 ? —
S | | | | 1 | L
80 100 120 140 160 180 200 220 240 260
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excluded by TeVatron

80 100 120 140 160 180 200 220

240 260

Mo (GeV)

Stringent limits from TeVatron, BUT :
o For \ ~ o, : Mpg > 275GeV at 95% C.L.

e Improvement by a factor ~ 3 compared to earlier published results
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Excited Leptons Search

@
o
. v
e
2 %
P @ } PouX
e+
(b)
Vv
. e
Vv
2 %
Q i\/\/ Y Z W
P
@) b X
Channel Selection Data | SM exp. | Efficiency

e’ — ey 2 EM clusters 223 239 £ 7 85 %
et — el — ee 3 EM clusters 3 1.4 £ 0.3 78 %
e* — eZ < v | 1 electron + P/ms* 1 3.6 £ 0.7 70 %
e* —eZ — qq | 2 jets + 1 electron 38 48 + 3 41 %
e* — vW < ev | 1 electron + P} 1 3.6 £ 0.7 70 %
e* > vW — qq 2 jets + PJiss 3 3.8 £ 0.5 40 %
vt — vy 1 photon + P/mss 0 1.3 £0.8 38 %
v* — vZ < ee | 2 electrons + P/ 0 0.38 £ 0.2 40 %
v* > v/ — qq 2 jets + PJiss 3 3.8 £ 0.5 40 %
v — eW < ev | 2 electrons + P} 0 0.38 £ 0.2 40 %
v* —eW — qq | 2 jets + 1 electron 38 48 + 3 41 %
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Invariant Mass Spectra
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nejection Limits

e c.g. based on the model of Hagiwara et al.

e better limit than previously published at HERA

(> factor 2)

e sensitivity extends beyond the LEP mass reach

1

f1A(GeV?

H1 data (preliminary)

PRI R L
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Cross-Sections at High Q?

Event Selection:

— Calorimetric based trigger (e > 99.5%)

— E, > 11 GeV ye < 0.9 0. < 150°
o | Zvertex |< 35 cm

— E-P, > 35 GeV

= Data sample ~ 75000 events
= Background < 1%

e Both positron and hadrons are used
for kinematic reconstruction

10°

[ ZEUSBPC 1995 [{] H1 95+96 PREL.

HERA SVTX 1995 &5 H1 94-97 PREL.
Il HERA 1994

Q’ (GeV)

- | | HERA 1993

J HERMES

| | E665

[ BCDMS

—] CCFR

10 -
- | |SLAC

"/ NMC

\\\\\H\‘\\\\\\H‘///\\\\\\H‘\\\\\\H‘\\\\\\H‘\\\\\\H
10°  10°  10® 100 10?% 10% 2
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Cross-Sections at High Q°

200 GeV2 < Q2 < 30000 GeV?
0.005 < z < 0.65

d2
dx d222 — 27Ta [Y—I—F2<CC Q2> 2F <CC Q2> CCF3<CC Q2>]
Yi(y) =1+ (1 y)?
F5: generalized structure function

F, : longitudinal structure function
F3: parity violating term from Z° exchange

em Q2 int Q4 wk em
P =17 (@Q%+Mm3) F ’ (Q2+M2)2F2 = 15" (1 +0z)
Z

F5: photon exchange
F3%: Z° exchange

Fi"': ~Z° interference

20’ 27'('@ Y. em
dwddy = ot 51+ 07 — 03 — 0p)

07 — 03: < 1% at Q2 < 1500 GeV?

~ 10% at Q% = 5000 GeV? and x=0.08
07 negligible at y < 0.5
~ 5% at y = 0.9
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neduced Lross section
(presented at EPS’97)

zQ* 1 d2¢
(6 p) 2ra? Y, daxd@?

b EI:I = SLAC ® =BCDMS O =NMC % =ZEUS-94
10 >k e = H1 preliminary
10 4_ X=0.07 (x40000) CURDGOK—*—icsch-2i0 4t "%; %
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10 3;— x=0.13 (x3000) OceuEpss 00 q09 %00 ® o
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10 “F «=0.225 (x200) X *
: @EM“* *¢¢+ $*$ v E
[ x=0.275 (60)  paowewed
10 E %=0.35 (x20) °
- TRt 6
1 - x=0.45 (x8) %. ++ ++' ¢ t
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[ x=0.65 (x2) : X
10 2 Moo
_25 MRSH
10 _— 1 1 ||||||| | ||||| 1 1 |||||||

10" 1 10 10° 10, 10
Q° (GeV?)

e Improvement of experimental techniques enable
H1 to reach higher z values

e Higher statistics = Higher @Q?
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vieasuring at riign x

e Necessity to reduce the "noisy” cells at low y
= electronic noise

= backscattering in the beam-pipe

e Topological noise suppression improves ¥y
resolution at high z:

y fraction v log y

3
c ® Lar spacal
S 15
~
o B tracks V¥ noise
@©
H:I
>
0.8 -
0.6 -
04 -

-2 -18 -16 -14 -12 -1 -08 -06 -04 -02 O
log10 (y_had)

e systematic error on the noise supression:
+ 25 % of the subtraction
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woImparisoin or € and 2. vietnod

©q:s0
LST @%=200 GeV Q*=500 GeV}
e
1 ¢ ii
’ s )
‘. .
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I ¢ S ® .
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r :
L i!
0.5- ' ii
(] e 3
I P ]
[ ° $
L [} [ )
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0.2 ﬁ %
ﬁ § | e electron $
O i \_21 Ll _1 \_21 Hum_l‘ H‘iu
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e Opposite systematic shift for electron energy
error = energy calibration check

e Different behaviour for radiative corrections

e For final result we use the eX-method (zx,Q?)
which has a good stability in the full kinematic

plane (cf DESY-97-137).
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Comparison to 1994 Data

Q°=200 GeV Q*=500 GeV
¢ )

s ;

¢ $ ¢

¢° ¢

. : (] ) ; ; °
§¢ () [

Q°=800 GeV Q°=2000 GeV

0.4r
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e Total errors improved by about a factor 2.

e OF,/Fy ~ 8% over the full z and Q* range.
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NLUO QUL 1S

e Use NLO DGLAP equations to evolve:

— TUp (7, Q%) , Tdya(z, Q?)

— Treat charm and bottom as massless partons

= more appropriate description for high Q?
c(z,Q?) =0 for Q* < 1.5 GeV?
b(z,Q?) =0 for Q* < 5 GeV?

— Assume @ = d = 25 and

Sea =2(i+d+5+¢) at Qf
— Take ¢ = 0.02 x xSea
— Use QCDNUM program from M. Botje

f]<fl?> = AjCCBj<1 — le)cj<1 — Djfl? + E}\/E)
— parameters adjusted by fitting procedure

e Momentum and flavour sum rules applied
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NLUOU-QULD 1S

e Datasets and Cuts:

- NMC/BCDMS p+d F, data

— H1 94 and preliminary H1 95/96 F, data
with Q2 < 120 GeV?

— H1 preliminary 97

Use reduced cross-section data
— no assumptions for F; or xF;

— Require Q? > 4 GeV? and W? >10 GeV?
— Require z < 0.5 for Q? < 15 GeV?

— starting scale: Q2 = 4 GeV?
— a,(M%)=0.118 (fixed)

e Results:

— F'it statistical & uncorrelated syst. errors
Fit only data with Q? < 120 GeV?
then extrapolate to high @
2 Fit all data with Q? < 30000 GeV?
— Both fits have x*/ndf ~ 1.2
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Reduced Cross Section

b
Q?=200 Ge | Q%=250GeV? | Q%*=350GeV |
1 -
0 = VTN IEURTH IR S I ETTY IO B
Q*=1200 GeVV | Q*=1500 GeV
1 -
O &l v e il el el il e vl el T il el
Q*=2000 GeVV | Q?=3000 GeV | Q’=5000 GeV |  Q°=8000 GeV
05 - - - -
b oy § :
[}
0 IR B RIS R ol vl sy vl vl L EEERETY|
o4l Q°=12000 GeV  Q=20000 GeV  Q°=30000 GeV
Tl ® H1 Preliminary
02 N lik — NLO QCD Fit
0 7\ RN BRI B \7\ T R RTTY RS, 7\ Lol | \N\

e Measurement from Q2 = 200 to 30000 GeV?2.
Up to z = 0.65 for Q? > 650 GeV?

e NLO QCD fit gives good description of the data
in the whole Q? and z range
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assuming Fr and zF5 from MRSH
e access to valence quark region

e approaching overlap to the fixed target data at
high z
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e Difference visible in the QCD fit
when the high ) data is or is not included.

e High * HERA data now also have an influence
at high x.
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oINZIe DIIIerential LUross-oeCtions

e H1 Preliminary Data

—— NLO QCD Fit (<120 GeV)

do/dQ® /| pb GeV?

10 10
Q% / GeVt

Data / SM (QCD Fit)
w

.

L 2o o 00 o454 3 i'E %:iQ.G%
0.8 |
07 |

0.6 -
0.5 e et

Q® / GeV

e High Q2 data are compatible with a NLO QCD fit to all
low Q2 data (< 120GeV?) evolved over two orders of
magnitude.

e Slight Excess visible at @2 > 15000 GeV?.
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Sensitivity To Electroweak Processes

b AN L
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o Liffects are visible at Q? >10000 GeV?

e Greater sensitivity can be gained from single
differential distributions
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do/dx at ° > 1000, 10000 GeV~
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e For ()° > 1000 GeV?, the cross-section is
still dominated by low z partons.

e For @2 > 10000 GeV? the valence quarks contribute.

e The data are in good agreement with the electroweak
Standard Model.
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Summary

Searches:

e The excess of neutral current events observed at high @? in the 94-96
data is still present, but with a lower significance (~ 20 at Q* > 15000
GeV? for the data taken from 94 to 97).

e In the mass window around 200 GeV the number of events observed in
1997 is comparable to expectation = no confirmation of an
accumulation of events at this mass value.

e Stringent limits have been determined for scalar leptoquarks.
A > e.m. coupling strenght are excluded for masses up to 275 GeV.
HERA still has a discovery potential for general (5 < 1) leptoquark
searches.

Cross-Sections:

e Single and double differential cross-sections have been measured for Q2
from 200 to 30000 GeV?, in the valence region up to = = 0.65 with a
precision comparable to the low Q? HERA data.

e These cross-section measurements are very well described over two
orders of magnitude in Q2 by perturbative QCD, as shown by a Next
to Leading Order QCD fit based only on low Q% (< 120 GeV?) data.

o At Q%2 > 15000 GeV? a slight excess of events over expectation is also
visible in the double differential cross-section.

e At high Q* (> 10000 GeV?), the single differential do/dx cross-section
favours the Standard Model expectation of a suppression of the
cross-section due to v < ZY interference.
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