HERA e-p scattering events
observed in the H1Detector
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The idea

The realisation
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Principle of particle identification
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An event display : What do we see ?

¢y Run 432053 Event 61834 Class: 4578 1119 23 25 2725 20 Date 14/102005
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Same event in radial view : ep —> e X

¢y Run 432053 Event 61834 Class: 4575 1119 23 25 2725 20 Date 14/10/2008

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: 4575 1119 23 25 2725 20 Date 14/10/2008

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) :

el

Run 432053 Event 61834 Class: 4 57581119 23 25 27 28 20

Date 14102005

Hadrons

Central tracking chambers

H1 Events

Electron

Tracks bend in
magnetic field :
momentum
determination
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Event : Combined view (R-z, R-Phi, calorimeter energies)

Transverse
| view
ep —> e X [ T 122145 Event 69506 Date 1570871695 (R-Phi)
|7 = 265030 GeV?, y=0.58, M =211 GeV|
Calorimeter
/ energies
/ EJE
Side view
(R-z)
| [

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

ep — ey (p)

Run 63191 Event 3012Y Class: 8 9 12 14 20 22 23 Date 28/04/1994

QED Compton

Photon y

100 =

Proton leaves
unseen down the
beam pipe

- ==

Electron
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Another ‘simple’ event : A elastic dimuon production

ep —>en 1 (p)

5, Run #8855 Event 24022 Class: 2 4 6 8 15 17 22 24 28 Bun Date 9/10/94

e+  mu+  mil-

Muons penetrate
thick materials !

MUON
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Muons also come from the sky ......

Run 223688 Event 218000 Class: 26

Date 14,/10,/1998

This is BACKGROUND, which we do not like !

H1 Events
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¢y Run 225773 Event 32801 Class: 26 Fun Date 21,/10,/98

...and it can be even more fierce ....
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Back to HERA -e-p scattering events
A very forward Dimuon event

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

Run 774868 Event %3523 Class: 6 13 15 16 17 20 Date 13/07/1984
* T — ep — (e)(p)J /Y
gl # g | e L 1 E
Muons bent in . E E E? | _M
the magnetic \ ] ] I
field of the e D J/V¥Y > u'u”
forward toroid L >/M HH
magnet vl
|®
Z
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Most events are much more complicated :

Run 24752 Event 6867 Cla=a: 4 9 13 15 16 17 2D &Y 28 Date 25/04,/1994

Very high track multiplicity \

Er) "ﬁiﬂﬂ" ‘

4
|

Small visible
energy in
calorimeter
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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 ....

[ @B Run 270530 Evem 157876

Secondary
Vertex

*-’C'S;T"Iieconstruction \
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Back to the Deep-Inelastic-Electron-Proton-Scattering (DIS) ep — € X

¢y Run 408955 Event 144778 Class: 457891119 23 2528 29 Date 30/032005

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

:_l.-.
Incident e
27 GeV -
§ -
e n
Scattered e *‘*

The electron is scattered back

by 160 degree and got an energy
of 300 GeV.

Very virulent scattering !
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ep>eX

.and here its even more virulent.

The squared momentum transfer is Q2 ~ 50000Ge V2 , this corresponds to a space resolution of

Ax ~10 "% m

¢y Run 403903 Event 4195 Class: 4 5711 19 25 28 20 RunDate 12/2/05

NC : Q**%2 = 49308 GeV**2 ;1 P_T_ e = 109 GeV

el b Notice :

ﬁf : The hadronic system X
J& | is awell collimated
' bundle of particles.
This is called JET

Jets are the ‘footprints’
of the quarks and
gluons
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ANC-DIS event with two jets ~ ep —> e Jet, Jet,

Fun 170677 Event 152772 Class: 2 4 8§ 9 15 16 17 18 20 22

E[Gev] (DOLUY
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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 858B7Y Event 59058 Cla==s: 2 4 B 20 22

Run date 01/09/94

LC event O**2 = 20000 GeV**E 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
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This is a CC event with a pronounced two-jet structure ep _)lejz

¢l Run 432231 Event 10751 Class: 4567 811 19 25 2529 Date 11/10/2005

CC?:M_jj=148 GeV ; P_T _miss = 35 GeV
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This CC event shows a muon separated from the jet

¢y Run 413747 Event 146184 Class: 4 567 15 19 25 25 29 Date 12/05/2005

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

Run 59986 Ewent 15143 Clas=: 8 8 18 17 20 22 23 28 Date 28/04/1994

Fhoteoproduction < Jets

_— Needles of
_— energy
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Here a THREE-JET-EVENT

Run 85850 Event 125975 Class: 24 8 9 15 16 20 22 24 28 Run date 26/08/34

Three Jet Pheotoproduction

H1 Events Joachim Meyer DESY 2005

24



Here 5 jets are visible, there is no limit in the number.

¢y Run 406650 Fvent 24302 Class: 4 5781119 25 28 Date 10/03/2005

S Jets ?

HCah]

H1 Events

Joachim Meyer DESY 2005

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

All turn (if energetic enough)
to visible jet structures
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The most exciting issue : Are there new phenomema, we don'’t expect ?

We have seen ep —> e'X DIS - events

But this looks like  ep — uX

Run 84285 BEvent 3645 Clasa: 2 4 8 8 18 17 20 22 24 28 Run date 12/08/94

Muon

Muon

H1 Events

Joachim Meyer DESY 2005

(As such forbidden in HEP Standard Model)

Fluctuating background
or
sign of new physics ?
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A similar event, but here muon and hadronic jet are not back-to-back :

clear evidence for unobserved particle (neutrino ?)

H1 Events

etp = utX

Eumht WL -2 ‘

PR =28GcV, PY = 67 GV, Prtsl = 43GeV

: . == I:II:

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 ety X

Eumnt WITICH-1 ‘

PR =39GcV,PE = 27 GV, Piias = 42 GeV

My, =82 GeV W™ = p vy Condidote

-
e
V
H1
ep > eXW...W — uv

H1 sees more events than expected from this reaction. New physics ?
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Run 685438 EHvent Y852 Claas: 2 4 6 8 20 E2 EY Date 30/05,/1994

W —> Jet

Jet2

Jet

Candidate

H1 Events

Joachim Meyer DESY 2005

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

The jet-jet-mass
is 80 GeV, just
the known
W-mass.
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The W particle has a sister, the Z , of 90 GeV mass, decaying into lepton pairs

H1 Eun 429515 FEvent 4840 Class:z 47 11 19 25 2829 Date V09,2008

e+ e-T7T M ee=90 GeV 11

Y Z,>ee

Lr mang 15aY1
]
1
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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: 4578 1119 23 25 2725 20 Date 200102005

e- p->e- e+ e- (p)

Note :

All ‘electrons’ are
well confined in the
electromagnetic part
(green) of the
calorimeter

L
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There are also dilepton events with different lepton types : Electron and muon

¢y  Run 377531 Event 12148 Class: 46 7810 16 19 23 24 26 27 2829 RunDate $/42004

PTe =P T mu=15Ge¥

Hiat]

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 Fvent 15377 Class: 46781619 25 28 20

Date 31/10:2008

Hy

N\

Muon2 identified ‘e
as minimum ionizing
particle in calorimeter

Hy
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A pair of tau-mesons with the scattered electron Lo
ep >e(pr™m

Run 248568 Event 27325 Class: 4 11 12 13 15 16 19 20 24 28 29 Date 17/12/2003

e+ tagged tau pair taul > mu nu nu , tau >3 prong
4 T o>u'v

M T DT T nV
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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
electron on
collision courze with ...

Q

... a quark, confined
inthe protan,

obel prize 2004 Cartoon
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Physics Results

examples :
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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 ~ 10_18 m
39
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