H1 Events
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The idea
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What we think what happens, when we scatter electrons on protons at HERA

Hadrons

Elektron

« Proton

Elektron
or neutrino
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The H1 detector at the
e-p storage ring HERA

Tracking chambers

Calorimeters

Forward muo Instrumented iron system

detector
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Schematic
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Principle of particle identification
A detector cross-section, showing particle paths
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VTX

Tracking

ECAL

HCAL

Muon

H1 Events

Principle of particle identification

electron charged photon neutral ??
hadron + pion
muon
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An event display : What do we see ?

¢y Run 432053 Event 61834 Class: 4578 1119 23 25 2728 29

Date 14102005

R-Z view :

€ m—p

Hadronic calorimeter

Hadrons

b

: x “l.,,_.' ﬁ’l?

_,-_gj-; .

Electromagnetlc calorlmeter

T

Energy depositions

in calorimeter

Scattered Electron

Hits and reconstructed
tracks in tracker

P

e-p interaction
point

H1 Events
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Same event in radial view : eEp — E'X

¢y Run 432053 Event 61834 Class: 4 578 1119 23 25 27 28 20 Date 14/10:2005

Hadronic calorimeter

Hits and reconstructed
tracks in tracker

Energydepositions
in calorimeter
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The hits (fired wires) in the tracking chambers

¢y Run 432053 Event 61834 Class: 4 578 1119 23 25 27 28 20 Date 14/102005

Hits = Signals
recorded on
sense wires

Gas volumen with

sense wires at HV
|
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..and the result of the pattern recognition program trying to combine
the hits to tracks (red lines) :

¢y Run 432053 Event 61834 Class: 4578 1119 23 25 2728 29 Date 14/10/2005

Hadrons

Tracks bend in
magnetic field :
momentum
determination

Electron

Central tracking chambers
H1 Events Joachim Meyer DESY 2005 11




.. and the same procedure in R-Z view :

H1 Events

¢y Run 432053 Event 61834 Class: 45751119 23 25 272529

Date 14102005

Hadrons
TN B

Electron

Central tracking chambers

Joachim Meyer DESY 2005
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another event :

¢y Run 433644 Event 2723 Class: 4567 59 19 25 28 Date 20/102005
Raw Hits in Central Here you see the

CJC hits including
the ‘mirror hits’

Curling (ambiguity not

tracks resolved)

* Mirror tracks
track

H1 Events Joachim Meyer DESY 2005 13



and here the tracks found by the pattern regognition program
successfully fitted to the event vertex

¢y Run 433644 Event 2723 Class: 45675919 25 28 Date 20/10/2005

Hits and vertex fitted

Note :
The curling facks seen
on the last picture are
not vertex-fitted

H1 Events Joachim Meyer DESY 2005
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Event : Combined view (R-z, R-Phi, calorimeter energies)

Transverse
. view
ep e X [El__Run 122(4% Event 69506 Date 19/00/1995 (R-Phi)
[P = 25030 GeV?, y=0.50, M= 211 GeV]|
Calorimeter
/ energies
/ EJE
Side view
(R-2)
0N

Electron and hadronic system X balanced in transverse momentum
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A very simple event :

ep —>ey(p)

Eun 63121 Event 30127 Clas=: 8 8§ 12 14 80 HE &3 Date 28/04/1994

QED Compton

T —

<
<«

Photon
Proton leaves

unseen dpwn the
beam pipe K

1 ===

E[Dat]

Electron
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Here an electron and two photons are recorded

¢l Run 351742 Event 69678 Class:4 5751119 25 28 20

EKunDate 15/5/044

— |
: —1 — &§
tjq_'-|:||:|l!

Radiative (1) Compton, Sum_E t= 120 GeV

HCah]

H1 Events

Joachim Meyer DESY 2005

Electrons ‘easily’
radiate photons
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Photons tend to convert to e+ e- pairs in material

RBun 87415 Event 78569 Class: 2 8 3 12 14 20 22 23 2B Date 8/02/1985

NC event with cenverted photon

Photon

'

H1 Events

Joachim Meyer DESY 2005

- Chamber material

Photon
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This looks like a di-electron, but is not.
A photon converted to a small angle e+ e- pair within the beam pipe

Q!!!} Run 435091 Event 111110 Class: 4 TE11 19 25 27 28 20 30 Date 31/102005
ep —>ey(p)
+ J—
y—>e'e
Ca LN
Conversion point
-
"e” — pair
H1 Events Joachim Meyer DESY 2005 19



Another ‘simple’ event : A elastic dimuon production

ep —>eu 1 (p)

5, Run A8855 Bvent 24022 Class: 2 4 6 8 15 17 22 24 28 Run Date 9/10/94

e+  mu+  mil-

Muons penetrate
thick materials !

MUON

H1 Events Joachim Meyer DESY 2005 20



An inelastic dimuon production without visible scattered electron

ep —> (e)u” u™ X

¢y Run 413516 Fvent 146053 Class: 6 7 810 19 24 25 28 Date 26/05/2005

HERA e p Streuereignis

"

H1 Events Joachim Meyer DESY 2005 21



Another inelastic dimuon production without visible scattered electron

The muons are low energetic and don’t read the iron,they are ‘mips’ in calorimeter

ety

Run 435620 Event 24739 Class: 4 675 19 23 25 27 28

Date 2/112005

Inelastic Dimuon ; Calomuon-100 !

ep —

H1 Evens

Joacrut wvieyer vesy Zuuo

(€)u 1 X
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Another inelastic dimuon production without visible scattered electron

One muon identified in calorimeter, the other in the iron system

¢y  Run 435639 Event 28777 Class: 67 59 10 19 23 24 25 27 25 29 Date 2112005

Inelastic Dimuon ep — (e),Ll+,Ll_ X

H1 Events Joachim Meyer DESY 2005 23



In the ‘forward direction’ muons are measured by the ‘Forward Toroid Muon Detector’

¢y Run 434278 Event 43491 Class: 46 78 10 19 24 25 25 20 RunDate 23/1005

Forward Dimuon with scattered electron

Hy
Ho L

S ' —_—

“/H
/d

Forward Toroid
Muon Detector

H1 Events Joachim Meyer DESY 2005




Here it is very visible how electron, muon and photon are distinguished

H1 Events

el

Run 421191 Event 62414 Class: 46 751011 14 19 23 24 25 27 28 29

Date 13072005

Ee=16,E gam=25P_T mu =11

L

L

Joachim Meyer DESY 2005
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No detector is perfect : Here the scattered electron enters a nonsensitive
region (Phi-crack) of the electromagnetic calorimeter

¢ty  Run 434587 Fvent 6024 Class: 457811 19 25 28 29 Date 27/102005 | Such an effect has to be
recognized in the
physics analysis !

NC : Electron in Phi-crack of ealorimeter

Electron penetrates into
hadronic part of calorimeter

Phi-crack in
em. calorimeter

H1 Events Joachim Meyer DESY 2005 26



Here a photon converts and the e+ e- pair enters an insensitive

region of the em. calorimeter (z- and Phi-cracks)

H1 Events

¢Hly  Run 435111 Event 62670 Class

4781119 2528 29

Date 31/10:2005

Converted photon into calo cracks

Phi-crack

Converted photon

L

Joachim Meyer DESY 2005

ep > eX

y —>e'e
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Muons also come from the sky ......

Run 223688 Event 218500 Class: 26

Date 14/10/1398

This is BACKGROUND, which we do not like !

H1 Events

Joachim Meyer DESY 2005
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Interaction of cosmic primaries create showers in the atmosphere,

and multimuons reach us here
“i15%  Run 54645 Event 57944 C(lass: & 22 Date 18/05/1994

Cosmic Multi-Muon

Im==e

===
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Cosmic dimuon seen in calorimeter and central track detector

ety

Run 339765 Event 103945 Class: 14 56 719 25 27 28 Date 21072004

T

Superb CJC performance for cosmic dimuons

Y &S

g

X

H1 Events

Joachim Meyer DESY 2005
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Another cosmic dimuon

¢y Run 435495 Event 83098 Class: 4 567 19 25 27 28 Date 21122005

H H

,l

«— wires in iron system

EE R

|- -
~ «<——pads in iron system

+ H 4

Muon radiates '
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Run 225773 BEvent 32801 Class: 26

chity

...and it can be even more fierce ....
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Muons interact rarely, but they do

H1 Events

Eun 78481 Ewvent 4541 Clas=: 2 8

Date 24/08,1994

showering Cosmic Muon

Hit pattern in the
central track detector

(transverse view)
[

000

¥

/

ﬂ[’[lEurEQ

Joachim Meyer DESY 2005
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Here a cosmic muon radiates a photon which gets absorbed
In the calorimeter. The muon then exits the detector.

¢y Run 433649 Event 577 Class: 4 567 19 25272829 30

Date 20/10:2005

Interacting Cosmic Muon

p

X

The radiated energy
deposition

H1 Events Joachim Meyer DESY 2005
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A HERA ep event overlayed with a cosmic muon

ep event

H1 Events

Such an effect has to be recognized

in the physics analysis !

¢y Run 381398 Event 24679 Class: 4567 1924 2528

Date 11/052004

Overlay : Cosmic +ep

Joachim Meyer DESY 2005
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There is not only background from cosmics but also from the

Proton beam interacting with the restgas

RBun 77823 Event 650V Claa=: 3 7V & 10 22 24 26 v

Date 21/06/1994

Beam - Gas Interaction

. : o
Byt
ik
| e-p event vertex
should be here
_|F
7
H1 Events Joachim Meyer DESY 2005

P - beam

Event vertex is
here
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Scattering of the HERA-proton on a nucleus of the restgas.
The nucleus dissociates into lots of protons (positive tracks) and neutrons

Run &47358

Event A&8%

30,08, 1992

pA-background:

2l p in the event!

H1 Events

Joachim Meyer DESY 2005
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Another kind of beam-related background :
Protons lost in the ring create showers and muons from decaying pions
accompany the beam and may be visible in the detector

Run 185692 FEvent 31518 Class: 4 6 10 11 Date 22/10/1998

[ | &L e,

<
<«

Beamhalo muons

H1 Events

Joachim Meyer DESY 2005
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Here a NC event is overlayed by a beam halo muon Such an effect has to be recognized
in the physics analysis !

¢y Run 434672 Event 33094 Class: 45789 11 19 25 2529 Date Z7/10/2005

Overlay : NC event with halo-muon

++

a
3

H1 Events Joachim Meyer DESY 2005



Back to HERA -e-p scattering events :
A very forward Dimuon event

These muons are decay products of the famous J/Psi particle

Eun 77488 Event Y3523 Clas=: 8§ 12 15 168 17 2B Date 13/0%/1994
: R == ep— (e)(p)J /Y
Ll s I ——E
Muons bent in L. EE%? | —‘I‘
the magnetic \ il SO Rt 4 ) E—
field of th | I T
ield of the e JIY > u u
forward toroid il *
magnet v
R
Z
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Another event where the J/Psi particle decays into two muons
(this time ‘backward’)

711, Run 69285 Event 19987 Class: 13 15 18 17 18 23 26 2B Date 3,/05/1994

Photopreoduction J/Psi -> mu mu

/' Muon

ep— (e)(p)J /¥

JIVY > u

Muon

H1 Events Joachim Meyer DESY 2005 41



The J /W particle has a sister the P’

3 4 11 16 17 24 2%

Date 7/03/1997

Run 1549?[} Event 84819 C(laszs:

:‘ r.i". ! H ﬂWEhHH f‘l-'UU].i'UUE = LEELL o AT

[T
[0 E

B= 0. K

Central

Backward calorimet

i

fi:'jer
e

H1 Events

Joachim Meyer DESY 2005

ep —>e(p)¥Y’
¥ SY¥Yrtr

V> 'y
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Most events are much more complicated :

Eun 2475 Ewent 887 Clas=a:

4 8 13 16 16 17 20 &Y 29

Date £5,/04/1984

Very high track multiplicity \

' :  \e y ' o
SaEet il - =
T , 5.l Small visible
1 Sl T energy in
’ | oo :Jlllliﬁ calorimeter
’ N Yol
&, 8 |10
L
18, 1
H1 Events Joachim Meyer DESY 2005
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The Central Silicon Detector (CST) measures hits very precisely (10 micrometer).
search for secondary vertices of heavy quark (charm,bottom) decays :

Zoomin ....

H1 Events

| @ilh  Rwn 270530 Evemt 157876

G

WA/

/

Sem

"'"CST Reconstruction \

| W—
\ S mm

Joachim Meyer DESY 2005

Secondary
Vertex
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Another event with detailed track measurement
in the CST

Run 192001 Event 7712 Class: 2 8 9 15 18 18 20 22 26 14.6.1997

CST : R-z view CST : R-Phi view

. Run 192001 Event 7712 Class: 2 8 9 15 18 18 20 22 26 14.6.1997

H1 Events Joachim Meyer DESY 2005
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A

Tracks seen in the Forward Silicon Track Detector (FST)

Run 332573 Event 33487 Class: 3 22 23 29

H1 Forward Silicon Tracker

Forward

Direction

H1 Events

Joachim Meyer DESY 2005

The FST allows to
cover very small
forward angles
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Often there is activity in forward direction around the beam pipe :
that are the ‘left overs’ of the ‘broken’ proton

Run 64801 Event 333’?5 Qllass: 10 11 18 23 Date 22/02/1994

| Electron scattered under
small angle into
backward calorimeter

!
1
i

a+

Es

H1 Events Joachim Meyer DESY 2005 47



But in 10% of all cases there is no forward activity :
the proton stays intact, and disappears down the beam pipe

Eun 62807 Event 24221 Class: 5 18 18 18

Date 15/07/1994

E_ree = 164 OeT

-

ag

H1 Events

Fhotoproduction Eapgap

D

Joachim Meyer DESY 2005

A 4

e-tagger
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Back to the Deep-Inelastic-Electron-Proton-Scattering (DIS) €P — € X

¢y  Run 408955 Event 144778 Class: 457591119 23 25 28 29 Date 30/03/2005

NC: Q**2 = 35000 GeV**2 ; E_e = 300 GeV

:_I.-.
Incident e
27 GeV -
§ -
e "
Scattered e *J

The electron is scattered back

by 160 degree and got an energy
of 300 GeV.

Very virulent scattering !

H1 Events Joachim Meyer DESY 2005
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ep—>e X

.and here its even more virulent.

. 2 2 . .
The squared momentum transfer is Q ~ 50000GeV , this corresponds to a space resolution of

AX ~107®m

¢y Run 403903 Event 4195 Class: 4571119 25 25 20 RunDate 12/2/05

NC : Q#**%2 = 49308 GeV**¥2 1 P_T e = 109 GeV

N Notice :

If - The hadronic system X
J'ét +| is awell collimated
) bundle of particles.
This is called JET

Jets are the ‘footprints’
of the quarks and
gluons

H1 Events Joachim Meyer DESY 2005 50



A NC-DIS event with two jets ep — e'JetlJetz

Fun 170677 Event 152772 Class: 248 9 15 16 17 18 20¢ 22

E[ ] (DOLU)

H1 Events Joachim Meyer DESY 2005
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Here the ‘forward scattered’ electron radiates a very energetic photon

ep > e Xy

¢y Run 431591 Fvent 146212 Class: 4 567811 19 25 2728 29

RunDate 410505

el

High energy forward e AND photon (non-showering!}

electro

ghoton——%4!'

electrot

=

pton

ctron

hoton

H1 Events Joachim Meyer DESY 2005
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In general the photon is ‘near’ to the electron. Here both created a single
electromagnetic shower in the calorimeter, but can be resolved in the tracker

¢y Run 435639 Event 115202 Class: 4 6 78 11 19 23 26 2829 Date 2/11/2005

ectromagnetic
orimeter

verted

H1 Events Joachim Meyer DESY 2005
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Another€) — € Xj/ event, but here the scatted electron and photon are far apart

l

It is likely that here
the photon is of
hadronic origin
(prompt photon)

Run 366981 Event 139675 Class: 45781119 2025 2829 Date 2/01.200:4

Prompt gamma + SPACAL e+ tag 31/12/2003

H1 Events Joachim Meyer DESY 2005 54



There is also a chance that two photons are radiated : €0 — € X7/17/2

H1 Events

¢y Run 407160 Event 164612 Class: 45751119 25 25 29

Date 13032005

Ee=13 ; Egaml=10 ; Egam2 = 18

"

Joachim Meyer DESY 2005
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In this NC event a muon is produced within the hadronic final state X

ep > e Xu

¢y Run 435163 Event 19095 Class: 4 567 5 10 11 19 24 25 28 20 Date 31/102005

H1 Events Joachim Meyer DESY 2005 56



A new event class : In this event the hadrons X are NOT balanced by an electron !

ep _) VX The Neutrino does not leave a trace in the detector

Run 85887 Event 58058 Cla=s: 2 4 B 20 22

Run date 01/09/94

LC event O**2 = 20000 GeV**Z v=0.48 x=0.44

Hadrons X

H1 Events Joachim Meyer DESY 2005

This is a different type
of DIS event
It is pure weak interaction.

It is a Charged Current (CC)
event

S7



. . 2
The CC event with the highest recorded transverse momentum Q

¢y Run 403197 Event §1741 Class: 4567 511 19 25 2829 RunDate 6/22005

CC: Q**2 = B3656 GeV**2; y=0.83 ; P_T=118

H1 Events Joachim Meyer DESY 2005

ep - vX

The quark on which
the electron scattered
had nearly all of the
proton momentum
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This is a CC event with a pronounced two-jet structure ep —> 14'1 j2

¢y  Run 432231 Fvent 10751 Class: 4 567 §11 19 25 2820 Date 11/102005

CC?:M_jj=148 GeV ; P_T _miss = 35 GeV

_‘_11

H1 Events Joachim Meyer DESY 2005



CC event with three jets

{!‘!b Run 435167 Event 94299 Class: 4 567511 19 25 28 Date 3171072005
J2

. e J3

T

J1 T
:_In.

_;_11
H1 Events Joachim Meyer DESY 2005
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Also CC events exhibit multijet structures

¢y Run 415601 Fvent 49041 Class: 456751119 23 252520 Date 20/06/2005

Four Jets ; P_T_miss = 40 Ge¥

HCat]

ty

H1 Events Joachim Meyer DESY 2005



In this CC event the ‘Jet’ is very broad

¢y Run 434022 Event 15594 Class: 4567 811 19 25 2829

EunDate 21,1005

CC: Q**2 = 61000 ; y = 0.82 ; x = 0.74

H1 Events Joachim Meyer DESY 2005
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A CC event with a photon radiated from the incident electron

¢y Run 406539 Fvent 71524 Class: 4567 811 10 25 28

Date 10032008

Radiative CC Event

HCat]

_‘_1.1

H1 Events

Joachim Meyer DESY 2005

ep - vX
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This CC event shows a muon separated from the jet

¢ty Run 413747 Event 146184 Class: 4 567 15 19 25 28 20 Date 12/052005

This could be a muon
produced in the
semileptonic decay
of a charm quark

H1 Events Joachim Meyer DESY 2005 64



Another event class : ‘Photoproduction’
Here two jets are visible, but the scattered electron is not recorded,
it leaves the detector under very small scattering angle

Eun 59986 Event 15143 Class: § 9 16 17 20 22 23 28

Date 29,/04/1064

FPhotoproduction

2 Jets

Jet 1

_— Needles of
_— energy

H1 Events

Joachim Meyer DESY 2005
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A dijet event with very high dijet-mass

elity

Run 418696 Event 94985 Class: 4 575 1119 25 28 20 Date 22/062005

Mjj = 185 ; PTL = 85 ; PT2 = 84

_'_*1

H1 Events

Joachim Meyer DESY 2005
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Here a THREE-JET-EVENT

Run 85850 Event 125975 C(lass: 2 4 8 9 15 16 20 22 24 28 Run date 26/08/94

Three Jet Photoproduction

H1 Events Joachim Meyer DESY 2005
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A very high three-jet mass

¢y Run 354468 Fvent 20141 Class: 4 5759 11 19 25 2725 29 Date 3/062004

M_jjj = 201 GeV

sy

H1 Events

Joachim Meyer DESY 2005
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Here 5 jets are visible, there is no limit in the number.

¢y Run 406650 Fvent 24302 Class: 4578 1119 25 28 Date 10/03/2005

5 Jets ?

Quarks radiate gluons,
which in turn may radiate
gluons or produce quark-
antiquark pairs.

All turn (if energetic enough)
to visible jet structures

HCat]

H1 Events Joachim Meyer DESY 2005 69



The jets can be so energetic that they are not absorbed in the main calorimeter
but leak out into the instrumented iron yoke.

Fun 221384 Event 18827 Class: 26 run Date 21,/04/498

Q+2=32620 y=0.7/0 M=Z08

Leakage Energy
I

H1 Events Joachim Meyer DESY 2005 70



It happens that a jet is associated to only a single charged particle

¢ty Run 427271 Event 23152 Class: 4 5781119 25 2829 Date 5/09/2005

NC?,tau ?, Pion ? ET_track = 60 GeV

H1 Events

Joachim Meyer DESY 2005

Explanation :
-statistical
fluctuation ?
-physics reason
Tau —Lepton ?
T —>TV

71



We also record events with an unbalanced jet associated to a single particle.

¢lly  Run 433054 Event 127999 Class: 4567 519 25 28 Date 17/10/2005

Isol Tau ? PTecalo = 56 ; PTtrack = 13!

Are these events with
" Isolated tau-mesons
and missing transverse
momentum ?

' P
Ll
(] i

L

HCat]

H1 Events Joachim Meyer DESY 2005 72



Sometimes strange features show up :

H1 Events

el

Run 412399 Event 68794 Class: 4 5711 19 2325 28 20

Date 3052005

Strange e + 77

ot -3

Joachim Meyer DESY 2005

Explanation ??
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The most exciting issue : Are there new phenomema, we don’t expect ?

We have seen €p — e'X DIS - events

But this looks like ep — IL[X (As such forbidden in HEP Standard Model)

Run 84285 BEvent 3845 Clasa: 2 4 8 8 16 17 20 22 24 28 Run date 12/08/94

Muon

Muon \ \

o Fluctuating background
7 or
N sign of new physics ?

H1 Events Joachim Meyer DESY 2005 74



A similar event, but here muon and hadronic jet are not back-to-back :

clear evidence for unobserved particle (neutrino ?)

H1 Events

etp— utX

Bueht WM -2 ‘

PR =28GeV,PY = 67 GeV, Pial = A3GeV

H1

Joachim Meyer DESY 2005
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Similar event, but here also the scattered electron is visible.
This allows to reconstruct the invariant mass of the muon-neutrino-system.
It turns out to be 82 GeV. That's close to the W mass.

etp—=etu X

Eumnt WITICH-] ‘

PR =39GeV,PE = 27 GV, P88 = 42 GeV

My, = 82 GeV W™ = p v Candidate

- H
T
V
H1
ep > eXW....W — uv

H1 sees more events than expected from this reaction. New physics ?

H1 Events Joachim Meyer DESY 2005 76



Here only an unbalanced electron is visible. This topology is predominantly

expected for
ep —> (e)(X)W....W > ev

Run 427349 Event 6298 Class: 4 567 5 19 25 28

ety

PT calo =47 ;P_T_e =48 e-!

Joachim Meyer DESY 2005

H1 Events
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RBun 65438 Event Y852 Class: & 4 6 8 20 22 &Y Date 30/05/1954

W —> Jet Jet Candidate

The W decays
also into
quark-antiquark
producing two
jets.

r The jet-jet-mass
Is 80 GeV, just

‘| “ the known

W-mass.

H1 Events Joachim Meyer DESY 2005 78



The W particle has a sister, the Z , of 90 GeV mass, decaying into lepton pairs

Hi Eun 429515 FEvent 4340 Class: 47 11 19 25 2829 Date 3V09.2005

e+ e-T7T M ee=90 GeV 11

s Ly, —>e'e’

Lrmnang 153%1
1]
1

H1 Events Joachim Meyer DESY 2005 79



In this event an even more massive e+ e- pair ..... : What physics is that ?

¢y Run 402486 Fvent 121855 Class: 4 578 11 19 25 27 2529 RunDate 20/0105

Di-Electron :

M _ee=172 Ge¥

JI =—

H1 Events

Joachim Meyer DESY 2005
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A collinear electron pair

Run 374890 Event 8907 Class: 4 7511 1619 25 27 2829

Date 19/032004

M_ee =48 GeV Bhabha at PETRA Endenergy ?

-

=
T

Tty

HCat]

H1 Events Joachim Meyer DESY 2005

Such events we were
used to see at the
electron-positron
collider PETRA
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Here a positron and 2 electrons are recorded.
Presumably the scattered electron and a pair created
In the interaction

¢y Run 433737 Event 12552 Class: 45781119 23 25 272829 Date 20102005

e- p-->e- &+ e ip)

Note :

All ‘electrons’ are

= well confined in the
electromagnetic part
(green) of the
calorimeter
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There are also dilepton events with different lepton types : Electron and muon

¢y Run 377531 Fvent 12148 Class: 4 6 75 10 16 19 23 24 25 27 2529 RunDate $/4/2004

PTe=PT mu=15GeV¥

HCat]

muon

H1 Events Joachim Meyer DESY 2005
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Here it is evident that a pair of muons is produced

¢y Run 435171 Event 15377 Class: 4678 16 19 25 28 20

Date 31/10:2008

Hy

N

Muon2 identified
as minimum ionizing
particle in calorimeter

/ ﬁﬂg |
—

Hy

H1 Events

Joachim Meyer DESY 2005
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A pair of tau-mesons with the scattered electron

ep —>e(p)rzc”

Run 248568 Event 27325 Class: 4 11 12 13 15 16 19 20 24 28 20 Date 17/12/2003

e+ tagped tau pair taul > mu nu nu , tau2 >3 prong

4 "> uv

’.L.l T O T TV
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H1 Events

Summary

Joachim Meyer DESY 2005
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The Method:

e p scattering

The Data

H1 Events

& high-energy
electran on
collizion course with ...

Q

.. a quark, confined
in the proton,

obel prize 2004 Cartoon

L

Joachim Meyer DESY 2005
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Physics Results

examples :

Distance in
|

big bang

strong force

electromagnetic force
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Protonstructure : Quarks and Gluons Electroweak Unification

..and many more .....
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Some members of the H1 Collaboration

Work at the innermost parts of the H1 detector
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...and thanks to HERA....

. the worlds most powerful microscope AX ~/
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