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Introduction: High Q* Physicsl

HERA = e (27.5 GeV) —< p (820 GeV)
= /5 = 300 GeV

Probing the proton at small distances down to 10~ >fm ...

e t-channel exchange of a highly virtual gauge boson

Q"= —(k = k)’ = —¢° = swy

2 P
= 2(%61) 9= ﬁ

M= \/sx y= 1+C5’393
do/dy |,oc 1/y?

Proton

A9\ current jet

e Search for s-channel production of new particles coupling

to lepton-quark pairs

e’ e’ Mx < 300 GeV
) LI do/dy ~ const. (S =0)
do/dy ~ (1-y)> (S=1)
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e Very fine granularity

NC DIS Candidate in the H1 Detector.

H1 Run 186580 FEvent 52518 Class: 2 4 8 9 16 18 20 22 26

M = 188.2 GeV y = 0.9¢

Date 13/03/1998

LAr Calorimetry
( =~ 44000 cells)

e Optimal for e-identification  o(FE)/F ~ 12%/+/E/ GeV & 1%
e offline weighting for hadrons o(FE)/E ~ 50%/+/E/ GeV & 2%

Kinematics Reconstruction
06) Ee

“electron” method

Oc, Ohadrons “double-angle” method

full information w method
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What’s new ?I

e More luminosity
14.2 pb~! — 37 pb!

e Improved electromagnetic calibration

In situ calibration now achieved for the LAr.,, wheels using :
Double-angle method or w-method for NC DIS
Double-angle method or Pr balance for QED Comptons

6= 20° 30° 40° 80° 120° 145°

01r : : : : :
< i | | | .V DIS 2a
g 0.08 |- 5 5 ; . m DISw
3 i 5 : 5 ' v QEpP Compton 2 a
éi 0.06 |- , ™ QED Compton P
c i | | | | | |
g 004 | s s s
Q | | ' ‘ ‘
g 002 li,, | . 5 | 5
RN R N R AT
(7 O LI T LI R J el S S
oozf || R e N
-0.04 | = !
-0.06 |-
-0.08 |- ! ! ! ! ! !
- IF : FB2 : FB1 : CB3 : CB2 : CBl : BBE
_0.1 L L L \:‘ L L \:\ ‘ L \:\ L ‘ \:\ L L ‘:\ L L \:‘ L L L

5 10 15 20 25

LAr regions: forward to backward

Systematics on the LAr em. energy scale:
3% in the forward part to 1% in the backward part.
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Standard Model of DISI

The Born Neutral Current cross-section 1is:

dji{ip — %{Y—FFQ(Qjan) — Y<:>I.:F3($7Q2)}

with Y1 =1 & (1 ©y)?

( Fol, Q%) )sz <0§<@2>[q<x,@2>+q<x,@2ﬂ)

2 F3(z, Q°) C3(Q%)[q(z, Q%) — q(z, Q)]
C2(Q?) and C3(Q?) depending on charges, axial and vector

electroweak couplings, sin(6,,) and M.

£ Neutral Currents

Number of events
o
I

Number of events

for Q* = Q%

L Charged Currents

Systematics of 7% on the prediction of the cross-sections at high Q2
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DID> cross-section measurement

kinematical cuts: E., > 11 GeV and y < 0.9.

103
102
10
l i H \‘ | | ‘ | | ‘ | | | ‘ | | | ‘ | | ‘ | | ‘ | |
0) 20 40 60 80 100 120 140
o, /°
- 12 -
- Q°>200 GeVS  4- Q°>5000 GeV
C = C
: Y60
a 50 -
- 40 -
5 30
; 0
- 10% f
O: b b O: Lo L e T
10 20 30 40 50 50 100 150 200
E /GeV E /GeV
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DIS cross-section measurement

Fo(z, Q?) extracted from L%, assuming standard Fs(z, Q?).

dx d
~ 10 I \\\\H‘ I \\\\H‘ I I \\\\H‘ I I \\\\H‘ I I \\\\H‘

x | - —
S~ °NMC  =BCDMS -« H1-94 low G - H1 Preliminary |
0N 9 - x=0.0032 -
8 ; /"i/" x=0.005 NLO QCD_ﬁt - -
- x=0.008 ]
7 = M"M _]
: W x=0.013 -
i } M x=0.02 {
5 i W x=0.032 j
C ooy At ts s ees aey o x=0.05 ]
4 . oo tos vey oo X=0.08 -
— . —
3 i oo o o o 5 Xx=0.13 j
: ~a oo . x=0.18 |
2 - et x=0.25 |
1i et oeve o o oo *® x=0.40
B = == o S N S — x=0.65 ]
07 L \\\\H‘ L \\\\H‘ L L \\\\H‘ L L \\\\H‘ L L \\\\H‘ L ]

1 10 10° 10° 10" 2105
Q° IGeV

The measured scaling violations are extremely

well followed by pQCD evolution (DGLAP) for Q* < 15000 GeV?2.
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Reduced cross-section I

zQ* 1 d’c

+ _
ole'p) =
(¢"P) 2ra? 1 4+ (1 ©y)? dzdQ?
b \
Q?=3000 GeV i Q%*=5000 GeV
0.4 2N } - }
0.2 L
0= L
Q=8000 GeV I Q’=12000 GeV
0.4 . =
0.2 - L
0
Q%*=20000 GeV I Q?=30000 GeV
0.4 - L
I °
02+ - YT+ ZO
-y only
e H1 Preliminary .,
0 | | | | L . | | | | | L
10" 1 10 1

We start to measure in the region sensitive to v <2 interference.
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do

Integrated cross-section &2

2 3000
~ 2
i Q">1000 GeV e H1 Preliminary Data
2 L
g 200 — NLO QCD Fit
@) L
R NLO QCD Fit
y exchange only
1500 —
1000 —
500
0= 1 |
10 10 1
X
2 9
~ - 2
g~  Q>10,000 GeV ¢ H1 Preliminary Data
3 L — NLO QCD Fit
8 -
R NLO QCD Fit
6 o y exchange only
5
4
3 -
2
1 -
O:“ \\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ “‘\‘\\\\
0 01 02 03 04 05 06 07 08 09 1

X

The data significantly supports the EW (negative interference)

contribution to eTp data.
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(€]

Reduced cross-section I

zQ* 1 d’c
2ra? 1 4+ (1 ©y)? dzdQ?

o(etp) =

b 10; I \\\\H‘ I \\HH‘ I \\\\H‘ I \\\\H‘ I \\\\H‘ I \\\H%
- OSLAC e BCDMS O NMC e H1 preliminary i
o 4 NLOQCDFit —— MRSH }
- x=0.07 (x9000) PV P P :
10 3j x=0.13 (XSOOO) W"—'—'—.—“.—"-.—‘*# _
" x=0.18 (X800) T Sesessssssace — ]
° %

10% E
- x=0.28 (x100) . 1
- CP —
10 & E
- x=0.45 (x12) 1
1e E
1 x=0.65 (x2) |
10 e E
10-27 L L \\\\H‘ L \\HH‘ L \\\\H‘ L L \\\\H‘ f L \\\\H‘ L \\\\\7

107" 1 10 10° 10° 10

0
Q* /IGeV

Including new H1 data at high Q2 would pull
the SM QCD fit further down compared to MRSH.

Excess at very high @* and high x; ...
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NC Data Sample in the M-y Plane I

0.9 g

e

H1 Preliminary |

Data 97 ]

0.8
Data 94 - 96
07}
06}
05}
04l

0.3

0.2

0.1\\\\\\\\\\\\\\ , 5 L
50 75 100 125 150 175 200 225 250 275 300

M, (GeV)

H1 NC candidates e-method £ = 37.0440.96 pb~!

Q2 > 5000 GeV? 0.1 < y. < 0.9
Obs. = 322 < Exp. = 336 + 29.6

The acceptance has increased to more than 90%
within the y-Q? range due to the new selection:
Energy-momenta Conservation:
40< > E<P, <70 GeV
Kinematics:

Er.>15GeV| 0.1 <y, <0.9| [Q%> 2500 GeV”
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(Q? Dependence, 1994-97 Datal

_ ,
5 10— (a)]
% e H194 . 97data 1
3 102} e —— NC DIS (MRSH) -
10 | ¢ —+— =
J
i I
1 + H1 preliminary | =
7\ | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | \7
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/I-\ 7\ 1 ‘ 1 1 1 1 ‘ \. 1 \. 1 ‘ 1 1 1 1 1 ‘ 1 \7
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2
s | |
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©
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©
_+_
n _+_
| | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | |
5000 10000 15000 20000 25000 30000 35000

e Slight deviations from SM
for Q2215000 GeV* ...

Qi (GeV?)

expectation observed

e Excess at highest Q? less significant than with

1994—96 data only
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)? Dependence, 1997 Data Onlyl

c W T T T T ]
% - e H197data (a)
£ 10°} — NC DIS (MRSH) -
S = > B
() B ]
10+ —— E
g —t+— :
1 2 =
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;\ ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | \E
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fm L L L L o T rr et
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2
=10 | -
g
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©
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—
‘ | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘

5000 10000 15000 20000 25000 30000 35000
Q3 (GeV?)

e Good agreement with SM expectation for 1997 data
e Only marginal deviations observed for Q?215000 GeV?
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(Q)? Integrals, e-methodl

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 Q2215000 GeV? remains

... but only marginally supported by 1997 data alone !

e Translation as cross-section corrected to Born level :

O Born Within (Q3 > Q2 ..., vyo < 0.9)

2 .| SM (MRSH) | H1 EPS97 | H1 Preliminary
1.02 0.77
5000 9.03 8.867 105 8.6970 7
0.22 0.15
15000 0.38 0.78%075¢ 0.597013
25000 0.040 0.210%0 697 | 0.168F0050

Improved acceptance (and statistics !) since ECHEP97
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400
300

events /bin

200
100

events /bin
\l
()]

events /bin

M and y spectral

H1 Preliminary, data 94 - 97

2500< Q? < 15000 GeV

U ARRRRRRRR

100 150 200 250 300
M, (GeV)
Q%> 15000 GeV

o

H1

100 150 200 250 300
M, (GeV)

100< M, < 180 GeV

events /bin events /bin

events /bin

2500< Q2 < 15000 GeV
300 7\ ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1

0.2 04 06 0.8
Ye
Q%> 15000 GeV
B 1 ‘ 1 1 1 ‘ 1 1 1 1 1 1 ‘ 1 ]
100 d —t— | ]
51 | 7
‘H1 ]
O [ ‘ | ‘ | | | ‘ | | | ‘ ]
0.2 04 06 0.8
Ye
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= ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 g
f -
10 | =
S
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FH1 g
1k 1
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e Slight excess remains at large Q2 (or large M);
mostly at large y
e [ixcess mainly due to 1994—96 data

Ph.Bruel
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NC events at Large Massesl

H1 Preliminary

C T 171 ‘ ‘ 2 7\
te) (99}
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@ T 10 | .
> r ]
[}
1
:\\\‘\\\\‘\\\\‘\\\\‘\\\E 10-1\\\‘\\\\‘\\\\‘\\\\‘\\\
100 150 200 250 100 150 200 250
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c =
i) n
2 1 s
& 3 10 ¢ E
>
[©] E
f 1 e T |
] [y, >0.4 N
10 ;\\‘\\\\‘\\\\‘\\\\‘\\E 10_1\\\‘\\\\‘\\\\‘\\\\‘\\\
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Mass Windows at large v.:

With the 1994-96 data alone (Z.Phys.C74(1997)191):
most significant deviation observed at masses M, = 2004+ 12.5 GeV:
Nops = 7 for Negp = 0.95£0.18

Including the 1997 data:
Nops = 8 for Nexp = 3.01 4= 0.54 (new selection/calibration)

e The 1997 data alone does not confirm the observation of

a “clustering” of events around M, ~ 200 GeV
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Setting Constraints for Leptoquarks

e\/e : : —> optimized cut y > yeut
3 y X scalar | which maximizes ratio
)\ LQ signal / background
¢ q q
da/dy in 1ly da/dy flat

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

= 10 Frrrrrrrrerrrerr e e e T T T
SEE s Hidamy,>01 1 Mass spectrum for
3 :———Ar---““A"""":"“b“‘ i I NCDIS,y,>0.1 |
:-'-'-'-E::-'- y > ycut used tO
2 b e Hldata,y, >y,
10 © i E .
: ; L neosveev |t constrain o(eq — LQ — eq)
I N I: i :é.'.'.'.: i
T '
0 g + 1 Parameters :
C + ceeAeead :
P 1 e LQ mass Mg
. | A~ e Yukawa coupling A
7 H1 preliminary ] (o(eq = LQ) x A x q(z))
b L] ] B8 =BR(LQ = eq)
75 100 125 150 175 200 225 250 275

M, (GeV)

e cither fix A and set constraints in plane J versus My

e cither constrain A vs My in specific models (3 known)

Method : sliding mass window procedure, Poisson statistics (H1 Collab.,

Phys. Lett. B369 (1996) 173.)
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Constraints vs. [ for Leptoquarksl

H1 Preliminary

Leptoquark couplingtoe *+d

T T
° i ]
o i DO combined Limit \ _
o 084 =3 H1 limit ( A=0.1) \\ ]
3, E (NC data only) %i’
& 06 3 H1 limit ( A=0.05) %" g
| )
04| \\,s\\ s
I S N4
: DEY [ FAr=01 -
- I %\“:\\\\&\\\\&\\‘\\\\\ for d?}rlzgrrl?ggg
o : N T A

0 = " — L
75 100 125 150 175 200 225 250 275
Mo (GeV)
Leptoquark couplingtoe *+u

G i
+ | . .
©® o8l DO combined Limit N
! i =3 H1 limit ( A=0.1)

S: - (NC data only)

& 06 | =3 H1 limit ( A=0.05) ]
0.4} B
0.2f N

0 == i ‘7

ol L
75 100 125 150 175 200 225 250 275
Mo (GeV)
Sensitivity drop on § for Mg =~ 210 GeV :

e new calibration = ~ +6 GeV
e M. underestimates Mg by ~ 4 GeV

e Unexplored domain covered by H1, even for LQ coupling to e*d
e Competition with TeVatron (A = 0.1 corresponds to ~ 1/10 X aeyy,)
e Still a high discovery potential at HERA, provided that 8 << 1.
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Mass-Coupling Constraints for Leptoquarksl

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

F=0or1l
LQ — e+ q, or v + q, or both
B=1 or 1/2 (pure chiral couplings)

—> 7 scalar LQ types

SEA QUARKS
é E‘ T T T ‘ T T T ‘ T \. T ‘.\ T T ‘ T T T
< t H1 Preliminary
-1
07| 7
| f LAt aeaer I Tl T IS
P So, L
10 b -
S I BV R | | | I
80 100 120 140 160 180 200 220 240 260
Mo (GeV)
VALENCE QUARKS
g l E‘ T T T ‘ T T ‘ T \. T ‘.\ T ‘ T T T ‘ T T ‘ T T ‘ T T ‘ T T
< | H1Preliminary ©
i o -
o
-1
10
-2
10

80
excluded by TeVatron

100 120 140 160 180 200 220

240 260
Mo (GeV)

Stringent limits from TeVatron, BUT :
e For A\~ a.,, : Mro > 275 GeV at 95% C.L.

e Improvement by a factor ~ 3 compared to earlier published results
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Update of Charge Current Results I

Q7 Spectrum :

10

events / bin

10

[EnY
o

data / SM (MRSH)
-

'
=

10

Q? Integrals:

2 T

i (a)]

—% e H194 - 97 data ]
—t— — CCDIS (MRSH)

- Pooies > 50 GeV l[ -

Hl preli‘minary | | |

5000 10000 15000 20000 25000 30000
Qh (GeV?)

(b)

e

T

' H1 preliminary
L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L
5000 10000 15000 20000 25000 30000
Qh (GeV?)

CC DIS, 1994 - 97 Data, H1 Preliminary
2/ GeV? | 2500 | 7500 15000
Nops 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 Q227500 GeV?
... but compatible with SM within errors

Ph.Bruel
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Conclusion I

For the first time NC DIS cross-sections are measured:
- at very high Q?
(where v <7 interference can no longer be neglected)
- at high zp;
(where the valence quarks dominate)
The data are consistent with expectation of a suppression of the

cross-section at high Q? due to v <7 interference;

The magnitude of the excess at high Q2 is reduced when adding 97
data;

New constraints on Leptoquarks

(improvement of a factor 3 compared to earlier H1 publication);

HERA has still a good potential discovery for Leptoquarks !
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