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data from a‘le ors

We will not explore the theory too much just what you see...

Nuclear matter (“hadrons”) is made of quarks — we are going
to experimentally determine how many quarks there are...
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You should see a
welcome page

https://vevox.app/#/m/179861440
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LEP: the Large Electron Positron Collider

27 km long tunnel,
100 m underground,
straddling
French-Swiss border,
just outside Geneva.

Detector Ingredients

Tracking chamber: records the tracks of charged particles

Electromagnetic calorimeter or ecal: measures energy of light particles (electrons,
photons) as they interact with electrically charged particles inside matter

Hadron calorimeter: measures energy of hadrons as they interact with atomic
nuclei

Muon detectors: muons get right through the calorimeters; outer muon detectors
observe charged particles (rather like the tracking detectors)

~Kin

photons

electron positron
muons

pions proton

neutron
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{N= 28 Sump=100.8) E
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7890~ Tirk
 4=0.08, 0.05
Catre of semnis {00000, 14,7-.0,0000

Run:event 7579
Ehbeam 88,165 Vix

7 SumE=
Muon(

= @ SunE= 4.5)

5 0

12

[T T

a0, an,

Ctrk{N= 2 Sump=170.0) Ecal(N=

Ebeam 88,168 Vtx {-0.08, 0.08, 0.44) Hcal(N

14982
0,0000%

00000, 17,585,

Run:event 7826:

(atre of soemnis (




n e*g' event at LEP

Run:e‘gn{’7575: 18722 Ctrk{N= 4 Sump=170.5) Ecal(N= 13 SurE=149 . 0"
Bbe;mi’BG.M-ﬂ Vtx {-0.08, 0.056, 0.48) Hcel(N= 2 SunE= 2.7) Muon(N= 0}

Signature:

100, an, 12 SEDE
° Slngle tI'aCkS ’ Cotre o iremis 0000, 1975, 00000 F— 1

* Only electromagnetic calorimeter hits




Signaturé:
* Single tracks

+H" event at LEP

Run:event 7502: 53783

Ctrk{N= 2 Sump=159.0) Ecal(N= 7 SumB= 1.4
Ebeem 86,187 Vtx {-0.08, 0.06, 0.85) Hcal(N= 6 SumB= 8.2) Muon(N= 2)

12 e

\\’

'-\\ *:
e X
it . -!-*‘X!?’

an, a,
Catre of soremis (0,000 18373 0,000 |—’ T 1T

 Hits in the electromagnetic, hadronic & muon calorimeters




- produced range themselves into strong force neutral
hadrons




A 2-jet event at LEP

Fun: emm 7575: 15180  Ctrk{N= 24 Sump=111.9) Ecal(N= 32 SumB= 05.1
Bbesn B6.148 Vtx (—0.08, 0.06, 1.13) Heal(N=18 SwnE= 39.1) Muon(N= 0)

100, an, 1 165) G/
Gatre of siemis ¢ 0,000, 22173, 0,0000) | I A s i o B O

Signatur:
* Multiple tracks heading in a similar direction
* Many hits in the electromagnetic & hadronic calorimeters



Two 777 - events at LEP

12‘5)@!

atre of syemis {_0.0000, <A5.986. _0.0000} mal

& hadronic calorimeter hits)
+ Difficult to distinguish from jets! P



Nuclear Force (Beta Decay)

Neutrinos only interact by
the weak force — once
produced we never see them
again (thanks Paul1!)...

Weak decays, eg [3-decay,
n— p+e +v,is understood as decay of
a d quark, mediated by a 7" particle.

The likelihood that a W
will decay to quarks or
leptons is the same.. If we
produce Ws and count the
relative probabilities of
outcomes we can count
how many quarks there
alie. . .



F

positron

photon or decay
Z-boson W+ =" products

The decays are so fast
you’ll only see the final
products 1n the detector...

v/Z

W= —, decay

products

Each W can decay to e, u, T plus a neutrino

LEPTONIC DECAY

Each W can decay to two quarks
HADRONIC DECAY



W+ decay

W*W- decay _
signatures Leptonic

(e/p/)

2 jets + g,
norrt

Leptonic |2 jets + e,| any 2 of
(e/u/7) lworrt e, uorrt

“Double leptonic”

“Semi-leptonic” or “Mixed”



le physicist!

W decay events?

of quark decays

elp you along the way:

ink to cheatsheet

“Double leptonic”

“Semi-leptonic” or “Mixed”


https://sotonac-my.sharepoint.com/:b:/g/personal/kavm1c23_soton_ac_uk/ESCCIt9tNHxEoJyJr-nRyu8BQWNi5-aQxW7Vp87Yy5-3gQ?e=R6Vu4X

WhHalserr OIMVAVEAEEay. IS this

Peuplen
IXEn!

DEUIBIENEPLONICIUECTY
— am

Run:event B278: 14838  Ctrk{N= 98 Sump=117.3) Ecal(N= §2 SumE=104.9
Ebeem 21.500 Vtx { 0.01, 0.10,-1.18) Hcel(N=30 SuxE= 47.3) Muon(N= 1)}

dGORICIAECY.

;;;;;
’’’’’
JJJJJ
s -,

Catre of sremis ¢ 0000 18, 0,0 F—— '™



WiaWSeREOIMVAVIEAECaY. |

DEUBIENAGIONICIAECAY.
MIXEW

DEULIENEPLONICIUECTY,
e _ aam

Run:event B712: 56218 Ctrk{N= 24 Sump= B3.3) Ecal(N= 38 SumE= 84.1
Ebeam 81.500 Vtx {-0.05, 0.09, 1.95) Heel (N=17 SusE= 28.3) Muon(N= 2}

________
,,,,,,

rl'
®

Catre of sremis {0,000, 190, 000000 F——— '™



WhHalserr OIMVAVEAEEay. IS this

Peuplen
IXEn!

DEUIBIENEPLONICIUECTY
B

Run:event BB85: 54785  Ctrk{N= 90 Sump= 98.7) Ecal(N=108 SumE=101.2
Ebeam 21.600 Vtx {-0.04, 0.10,-0.79) Hecel(N=24 SunE= 38.3) Muon(N= 1)

dGORICIAECY.

Catre o sremis ¢ 00000, 1925, 00000 F——— '™



WhHalserr OIMVAVEAEEay. IS this

DEUBIENAGIORICIAECY.

MIXEW
DEUIBIENEPLONICIUECTY

Fun:event BY17: 9017 Ctrk{N= 78 Sump=121.3) Ecal(N= BO SumE= 96.2
Ebeam 91.500 Vtx {—0.05, 0.09,-1.17) Hcal(N=38 SuxE= 30.8) Muon(N= 3)

Cotre of syemis {0,000, 1928, 0,000 F——— ™



WhHalserr OIMVAVEAEEay. IS this

PoUBIEN
MIXEH
DEUIBIENEPLONICIUECTY

Run:event B437: 80628 Ctrk{N= 5 Sump= 58.3) Ecal{N= B Sumk= 3B.5
Ebeam 21.600 Vtx {-0.02, 0.10, 0.41) Hceal(N= 7 SumE= 3.9) Huon(N= 1}

dGORICIAECY.

12 286
Crtre of syemis {00000 198, 0000 |—| T T



WhHalserr OIMVAVEAEEay. IS this

Peuplen
IXEn!

DEUIBIENEPLONICIUECTY
— am

Run:event B322: 75010  Ctrk{N= 37 Sump=119.4) Ecal(N= 40 SumE=120.8
Ebeam 21.500 Vix {-0.04, 0.09, 0.81) Hecel(N= 9 SumE= 11.8) Muon(N= 0)

"""""""""""""""""
________
o -,
~ -
‘‘‘‘‘
e =,
- ~.
- S

dGORICIAECY.

Catre of spemis ¢ 00000 1935, 00000} F—— ™



Run:event B738: 38608  Ctrk{N= 80 Sump=130.8) Ecal(N= 88 SumE=100.0
Ebeem 21.500 Vtx {-0.03, 0.09,-2.03) Hcel(N=30 SumE= 81.3) Muon(N= 5)

Cotre of semis {00000, 199, 00000 F—— '™

L
,



WhHalserr OIMVAVEAEEay. IS this

Peuplen
IXEn!

DEUIBIENEPLONICIUECTY
B

Run:event B822: 2087 Ctrk{N= 92 Sump=114.0) Ecal (N=108 SumE= 09.2
Ebeam 21.600 Vtx {-0.01, 0.09,-1.86) Heal(N=43 SumE= 44.3) Huon(N= 5}

_______________________

dGORICIAECY.

********

‘‘‘‘‘‘‘
.....
- S

Catre of srsmis ¢ 0,000, 1925, 0,00 F——— '™



WhHalserr OIMVAVEAEEay. IS this

Peuplen
IXEn!

DEUIBIENEPLONICIUECTY
 am

Fun:event B773: 23551 Ctrk{N= 57 Sump=112.8) Ecal(N= BB SumE= 94.8
Ebean 81.000 Vtx {-0.03, 0.10, 0.45) Heel(N= 0 SumE= ©.0) Muon(N= 0}

dGORICIAECY.

12 596
Catre of semis ¢ 00000, 195, 0000 |—| T T




WhHalserr OIMVAVEAEEay. IS this

Peuplen
IXEn!

DEUIBIENEPLONICIUECTY
— am

Run:event B548: 3742  Ctrk{N= 74 Sump=104.0) Ecal(N=103 SumB=10B.8
Ebeam 21.500 Vtx {-0.03, 0.11, 0.91) Heel(N=21 SumE= 36.3) Muon(N= 1)

_________________
o-"“
4'-'
v
"

dGORICIAECY.

Cotre of syemis {0000 1935, 0,000 F——— '™




Events 11-20 (30 sec)



Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event BB64: 3053 Ctrk{N= & Sump= 0.0) Ecal(N= 12 Sumk= 5.7
Eheam 21.600 Vtx {-0.08, 0.10, 0.42) Hcel(N= 8 SunE= 17.5) Muon(N= 2}

________________
________
‘‘‘‘
-,

o
.
~
S

Catre of syemis {0000 1925, 0,000 F———— '™




[

WihaBseREeIMVAVIEEECaY. IS this

DEUDBIENAUIONICIAECAY.

IXEn!

DOULIENEPLONICIUECY : 1

Run:event B734: 75461 Ctrk{N= 51 Sump= 74.4) Ecal(N= 70 SumE=11B.5
Ebeam 21.500 Vtx {—0.04, 0.10,-1.27) Hcel(N=29 SunE= 13.8) Muon(N= 1}

a0, an, 12 996
Catre of sremis {0000, 195, 000000 F—— '™




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECTY
I

Run:event B877: 15850 Ctrk{N= 41 Sump=139.1) Ecal(N= 89 Sumk=107.1
Eheam 21.600 Vtx {-0.02, 0.10, 0.54) Hceal(N=17 SunE= 38.2) Huon(N= 1}

ddlhonic decay.

Gatre of sremis 0000, 1887, 0.00000 F— ™




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event BBOB: 10888  Ctrk{N= 24 Sump=130.8) Ecal(N= 38 SumB=110.7
Ebeem 21.600 Vtx { 0.00, 0.10,-5.29) Hcel(N=15 SumE= 14.3) Muon(N= 2)

12 29

a0, an,
Catre of sremis {0000 1925, 0,000 F—— '™



Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Fun:event B553: 58370 Ctrk{N= 30 Sump= B7.9) Ecal(N= 34 SumE= 5B.3
Eheam 21.500 Vix {-0.02, 0.09,-0.61) Hcel(N=16 SunE= 52.8) Huon(N= 1}

_____________________
----------
,,,,,,,,
-~ .,
....
- S

Catre of sremnis ¢ 0,000, 19287, 000000




Wi WSeht OIMVAVEEECaY. IS |

DEUBIENAGIORICIAECY.

DOUIIENEPLONICIEECY
R

»i"

Run:event B885: 10718
Eheam 21.600 ¥tx {-0.03, 0.10, 2.68) Heel(N=11 SumE= 4.0) Huon(N= 0}

Ctrk{N= 82 Sump= B8.1) Ecal(N= 80 Smi:=147.u)|®

____________________
_______
s -,
~~ -
s -,
- .,
- ~.
- s
- S

., s
sssss
- -~
-, ol
aaaaaa
------
_____________

(atre of szemnis (00000, 1923, 000000




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event BY57: 47779 Ctrk{N= 91 Sump= 74.1) Ecal(N= 95 SumE= 09.5
Ebeam 91.500 Vtx {-0.01, 0.10,~1.81) Heel (N=23 SwxE= 24.5) Muon(N= 1)

a0, an, 12 286
Cetreof s;emis ¢ 0000 1928, 00000 }—i 11T




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Fun:event B318: 27577 Ctrk{N= 27 Sump=102.2) Ecal(N= 44 Sumk= 60.8
Ebeam 21.600 Vtx {-0.02, 0.10,-0.97) Hcel(N= 9 SunE= 15.7) Huon(N= 2}

a0, an, 12 S8
Cotre of sremiis {00000, 1955, 00003 F—— 71 ™




WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLORICIUECY.

Run:event B708: 8768 Ctrk{N— 70 Sump= B3.8) Ecal(N= B0 SumE=130.4
Ebeam 21.000 Vtx {-0.04, 0.09,-1.71) Hcel(N=15 SumE= 20.0) Mucn(N= 0) -

zlclfe)plie cl<le)Y

Cartre of smemis {0,000, 1920, 0,000 —————— 7




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECTY
I

Run:event B428: 32647  Ctrk{N= 3 Sump= 30.8) Ecal(N= 7 SumE= 73.2
Ebeeam 21.500 Vtx {-0.03, 0.10, 0.44) Hcel(N= 0 SumE= §.0) Muon(N= 0}

ddlhonic decay.

12 SR
Gatre cf swemis ¢ 0000, 18, 0,00 I—{ T




Events 21-30 (15 sec)



Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Fun:event B200: 31428 Ctrk{N= 44 Sump= B4.8) Ecal(N= 88 SumE=127.7
Eheam 21.60¢ Vtx { 0.08, 0.01, 0.61) Hcel(N= & SumE= 3.1) Muon(N= 0}

a0, an, 12 596
Catre of sremis {0000, 198, 0,00 F—— ™




WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLONICIUECY

Run:event B551: 301886 Ctrk{N— 24 Sump=*****) Ecal(N= 27 Sumk= 62.1
Ebeam 21.500 Vtx { 0.01, 0.13,-0.03) Hcel(N= 8 SunE= 34.4) Huon(N= 1} -

dGORICIAECY.

12 5B
Cotre of syemis {0000 1928, 0,000 |—| T T




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event B8d44: 0038 Ctrk{N= 37 Sump=108.8) Ecal(N= 50 Sumk= 50.9
Ebeam 21.500 Vtx {-0.02, 0.10, 2.65) Hcel(N=15 SunE= 32.2) Huon(N= 0}

______________________

""""""
.....
- Y

Catre of semis {0000 1935, 0,000 F—— ™




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECY : 1
B ,

Run:event B889: 23864  Ctrk{N= 85 Sump=111.4) Ecal(N= 99 SumE=109.8
Ebeam 21.500 Vtx {-0.03, 0.09,-0.81) Hcel(N=20 SuxE= 13.7) Mucn(N= 0}

dEONIC AECaY.

Catre of sremis {0000 1935, 0,000 F—— '™




WhHaSorr OIMVAVEAECaY. IS this?

DoUbIeadronic aecay.

IXEn!

DOULIENEPLONICIUECTY
I

Run:event B413: 34352 Ctrk{N= 80 Sump= 78.4) Ecal(N= B8 SumE= 99.9
Ebeam 21.500 Vtx {-0.02, 0.10, 0.89) Hcel(N=20 SunE= 28.3) Huon(N= 0}

12 296
Oertre of semis (00000, 1957, 0,000 |—| T




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event B702: 48780 Ctrk{N= 72 Sump= 78.4) Ecal(N= BA Sumk= 92.8
Eheam 21.600 Vtx {-0.08, 0.10, 1.56) Heal(N=27 SumE= 45.3) Huon(N= 1} -

a0, an 2
Catre of soremis ¢ 0000, 19,27, 0,000 F—— 1™




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECY : 1
B ,

Ctrk{N= 33 Sump= 94.1) Ecal(N= 5! SumE= 53.8
1.68) Hcel(N=15 SumE= 21.7) Muon(N= 1}

dEONIC AECaY.

Run:event B475: 38158
Ebeam 21.600 Vtx {-0.05, 0.11,

--------------
»»»»»»
""""

fffff
.....
- .

Crtre of sremis ¢ 00000, 19.28%, 0,000 F— ™




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event B143: 85318 Ctrk{N= 24 Sump= B4.5) Ecal(N= 34 SumE= 89.9
Ebeam 21.000 Vitx {-0.04, 0.10, 0.57) Heal(N=11 SunE= 8.7) Muon(N= 0}

a0, a, 12 29
Catre of semnis ¢ 00, B, 0,000 F——— 7 m




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECTY
B |

Fun:event B448: 474B0 Ctrk{N= 2 Sump= §7.7) Ecal(N= 11 Sumk= 60.8
Eheam 21.600 Vtx {-0.03, 0.10, 0.45) Hcal(N= 3 SunE= 7.1) Muon(N= 1}

dalonic decay.

Catre of semnis (00000, 1925, 0.0000 — T




Wi WSeht OIMVAVEEECaY. IS |

DEUBIEAGIORICIAECY.

DEUIIENEPLONICIUECY
R

»i"

Run:event B440:138821
Eheam 21.600 Vtx {-0.08, 0.10, 0.77) Hcel(N=13 SumE= 24.5) Muon(N= 0}

Ctrk{N= 36 Sump= 59.5) Ecal(N= 47 Suxf= 02. 41@

T i

Catre of sremis {00000, 19287, 0,000




Events 31-40 (15 sec)



WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECY. : 1
 am ,

Run:event B448: 88043  Ctrk{N= 51 Sump=118.4) Ecal(N=100 SumB=111.2
Ebeeam 21.500 Vtx {-0.08, 0.10, 0.17) Hcel(N=21 SunE= 34.2) Muon(N= 2}

dUONIC AECaY.

12 2@
Catre of sremis ¢ 0,000, 190, 0,000 |—| T T




WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLONICIUECY

Run:event B145: 40358 Ctrk{N= 22 Sump= B7.1) Ecal{N= 41 SumE=108.7
Ebeam 21.000 Vtx {-0.02, 0.10, 0.33) Heal(N= 7 SunE= +4.9) Huon(N= 0} -

dGORICIAECY.

12 5B
Catre of semis ¢ 00000 195, 000003 |—| T T




WhHaSorr OIMVAVEAECaY. IS this?

DoUbIeadronic aecay.
MIXE

DOULIENEPLONICIUECTY
I

Fun:event B217: 84288  Ctrk{N= 80 Sump=102.2) Ecal(N=106 SurE= 85.2
Ebeam 21.500 Vtx (—0.09, 0.10, 0.44) Hcel (N=28 SumE= 22.0) Muon(N= 2}

12 G90
Gatre of szemis (00000, 185, 00000 |—| T




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event BY42: 45805 Ctrk{N= 81 Sump=183.4) Ecal(N= B3 SumE= 8B.4
Ebean 81.500 Vtx {-0.03, 0.10,~1.38) Heel (N=28 SuaE= 42.9) Muon(N= 1)

a0, an, 12 SEGEY
Catre of s;emis ¢ 00000, 19287, 00000 |—| 11 TT1




[

WihaBseREeIMVAVIEEECaY. IS this

DEUDBIENAUIONICIAECAY.

IXEn!

DOULIENEPLONICIUECY : 1

Run:event B204: 24206 Ctrk{N= 30 Sump=109.0) Ecal(N= 50 Sumk= 57.2
Ebeam 91.600 Vtx {-0.02, 0.10, 0.34) Hcel(N= 9 SunE= +4.9) Muon(N= 1}

12 s

a0, an,
Catre of semis {00000, 192, 0,000 F—— ™




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event B324:115507  Ctrk{N= 72 Sump= 79.3) Ecal(N=107 SumB=138.0
Ebeem 21.500 Vtx {-0.02, 0.10, 0.76) Hcel(N=27 SunE= 14.8) Muon(N= 1)

--------------
fffff
""""

—————
~~~~~
e S

......

a0, an,
Catre of s;emnis ¢ 00000 19287, 0,000 |—| T T




WhHaSorr OIMVAVEAECaY. IS this?

DEUBIENAGIORICIAECY.

IXEn!

DOULIENEPLONICIUECY : 1
B ,

Fun:event BB884: 27321 Ctrk{N= 48 Sump= B3.8) Ecal(N= 41 SumE= 58.7
Ebeam 91.500 Vtx {-0.05, 0.09,-0.63) Hcal(N=15 SuxE= 41.0) Muon(N= 0}

8
Catre of semnis ¢ 00000, 190, 0,000 |—| "I"I"I‘I—I




Whiatesert OIMVAVEAEEay. IS this

NAWeNIC AECay.

PeunIe
VIXEn

DOURIENEPLONICIUECY

Run:event B740: 33853 Ctrk{N=135 Sump=118.9) Ecal(N=113 SumE= 8B.8
Eheam 21.500 Vtx {-0.04, 0.09, 1.680) Hcal(N=31 SunE= 37.9) Muon(N= 4)

Cotre of sxemis ¢ 0000, 1935, 0,000 F—— 1™




[

WihaBseREeIMVAVIEEECaY. IS this

DEUBIE NAUIENICIGECAY.

MIXEW
DOUIIENEPLONICIEECY n
' -
Fun:event BY2Y: 87082 Ctrk{N= 31 Sump=114.1) Ecal(N= 37 Sumk= 43.8 4
Ebeam 21.600 Vtx {-0.02, 0.09, 2.44) Hcel(N= 9 SunE= 2.9) Huon(N= 1} =

________________
.....
- .
s -
o
-
e
e

.
.

Cotre of soemis 00000 19,29, 0,000 F———




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECTY
I

Run:event B473: 87870  Ctrk{N= 38 Sump= 64.1) Ecal(N= 35 Sumk= 6B.8
Ebeam 21.500 Vtx {-0.03, 0.11, 0.70) Hcel(N=12 SumE= 11.0) Muon(N= 1}

______________________

ddlhonic decay.

‘‘‘‘‘‘‘
.....
- ~

12 SB
Oatre of sremis ¢ 0000 1828, 0000 |—| T




Events 41-50 (15 sec)



Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event BBOB: 28099 Ctrk{N= 79 Sump= 61.7) Ecal(N= B2 Sumk= 04.8
Ebean 81.500 Vtx {-0.02, 0.10,-0.33) Heel(N=19 SusE= 27.1) Muon(N= 0} .

an, an, 12 SHG
Catre of sremis ¢ 0,000 1, 0,00 ——— ™




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event B470: 80013 Ctrk{N= 30 Sump= B1.7) Ecal({N= 44 SumE= 86.8
Ebeam 21.600 Vtx {-0.01, 0.10, 0.84) Heal(N=17 SunE= 28.1) Huon(N= 0} -

a0, an, 12 S
Catre of semnis ¢ 00000 195, 00003 F——— 7™




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event B430: 81428 Ctrk{N= 24 Sump=105.5) Ecal(N= 2B SumE= 61.9
Ebesm 21.6500 Vtx {-0.02, 0.10,-0.74) Hcel(N=12 SusE= 8.8) Huon(N= 1} -

a0, an, 12 S9G
Catre of sremis {0000, 198, 0,0 ——— ™




WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLONICIUECY
Run:event B7Y23: 24453 Ctrk{N= 34 Sump= B8.2) Ecal(N= 58 SumE=109.5
Ebeam 21.500 Vtx {-0.08, 0.10,-4.11) Hcal(N=10 SusE= 11.3) Muon(N= 1} -

.....................
444444
- .
s -
~~~~~
- .
‘ g

zlclfe)plie cl<lez)Y

Grtre of soremnis (00000, 1928, 000000



WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLONICIUECY

Run:event BY02: 12072 Ctrk{N= 42 Sump=121.1) Ecal(N= 81 SumE= 08.8
Ebesm 21.600 Vix {-0.04, 0.10,-1.03) Hecel(N=14 SunE= 14.5) Muon(N= 0} -

dGORICIAECY.

12 5B
Cotre of syemis {0000 1925, 0,000 |—| T T




WhHaSorr OIMVAVEAECaY. IS this?

DEUBIENAGIORICIAECY.

IXEn!

DOULIENEPLONICIUECY : 1
B ,

Ctrk{N= 2 Sump=114.7) Ecal(N= 11 SumE= 2.9
SuE= 2.9) Muon(N= 2)

Run:event B7Y12: 82065
Ebesm 21.500 Vix {—0.03, 0.09, 0.41) Hcal(N= 4

e
s
-~
-~
e
-
-
e

Ctre of syemis {00000, B, 00 F——— ™




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event B523: 85027 Ctrk{N= 17 Sump=118.1) Ecal(N= 3B Sumk=107.8
Eheam 21.600 Vtx {-0.04, 0.10, 0.49) Hcel(N=18 SunE= 35.2) Huon(N= 0}

a0, an, 12 296
Cetreof s;emis { 00000 182%, 000000 I | M1 TT




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event B453: 41122 Ctrk{N= 23 Sump= §2.9) Ecal(N= 43 Sumk=137.1
Ebeam 21.600 Vtx {-0.03, 0.09, 0.78) Hcel(N= 7 SunE= 3.0) Muon(N= 0}

Crtre of syemis {0000 1935, 0,000 F——— '™




WhHaSorr OIMVAVEAECaY. IS this?

DoUbIeadronic aecay.
MIXE

DOULIENEPLONICIUECY.
B

Run:event B87D: 25284  Ctrk{N= 73 Sump= 68.8) Ecal(N=103 SumB=123.4
Ebeam 21.500 Vtx {-0.05, 0.09, 1.00) Hecal(N=19 SumE= 28.1) Muon(N= 1}

12 0® G
Grtre of sremis 00000, 1925, 00000 }—i A




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECY : 1
o ,

Run:event B430: 19838 Ctrk{N= 4 Sump= 48.8) Ecal(N= 11 SumE= 23.3
Ebean 91.500 Vtx {-0.02, 0.10, 0.43) Heel(N=12 SuxE= 11.8) Muon(N= 2}

dEONIC AECaY.

12 59
Catre of soemis ¢ 0,000, 19287, 0,000} |—| 11T




Events 51-60 (15 sec)



Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event B468: 48025 Ctrk{N= 88 Sump= B9.3) Ecal(N= Ai{ SumE=113.4
Ebeam 81.500 Vtx {-0.03, 0.10,-0.11) Heel (N=26 SuxE= 18.7) Muon(N= 0)

a0, an, 12 SEGEY
Catre of s;emis ¢ 00000, 1928, 0,000 |—| 11 TT1




WhHalserr OIMVAVEAEEay. IS this

DEUBIENAGIORICIAECY.
MIXED

DOUIIENEPLONICIEECY
¥  aam

»i"

Fun:event BB75: 7120 Ctrk{N= 40 Sump= 80.5) Ecal{N= 51 SumE= 62.4
Ebeam 21.500 Vtx { 0.00, 0.10, 1.39) Heal(N= 9 SunE= 28.2) Huon(N= 0}

Certre of sremis 00000, 1925, 000000 F— ™

@




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECTY
I

Run:event B545: 57851 Ctrk{N= 47 Sump= 90.4) Ecal(N= 52 SumE=115.1
Ebeam 91.500 Vtx {-0.01, 0.10, 1.23) Heal(N=24 SunE= 38.4) Muon(N= 1)

ddlhonic decay.

_________________
__________
________
,,,,,,

i -,
;;;;;

- -
g .,

Oatre of sremiis (0,000, 1929, 0.00000 |—| A




WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLONICIUECY

Run:event B324:108801  Ctrk{N= ZWM 9) Ecal(N= 14 SurB= 4.9
Ebeam 1.500 Vtx {-0.02, 0.10, 0.38) Heal(N= 3 SunE= 2.9) Muon(N= 2) .

dGORICIAECY.

12 596
Cotre of syemis ¢ 000 1925, 0,000} I—i T T




WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLONICIUECY

Fun:event B208: 14149 Ctrk(N— 21 Sump= 58.8) Ecal(N= 47 SumE=117.3
Ebeam 21.600 Vix {-0.03, 0.10, 0.69) Hcel(N=18 SunE= 33.4) Muon(N= 0} -

dGORICIAECY.

12 59
Ctre of sremis {0000 195, 00000} |—| T T




WhHaSorr OIMVAVEAECaY. IS this?

DoUbIeadronic aecay.

IXEn!

DOULIENEPLONICIUECTY
I

Run:event B387: 52070 Ctrk{N= 80 Sump= B0.0) Ecal(N=
Ebeam 91.000 Vtx {0.05, 0.10, 0.68) Heal(N=26 SuxE= 89.

B7 SumE=111.3
5) Muon(N= 4}

Ortre of sremis ¢ 00000 19297, 00000 —— ™




Whiatesert OIMVAVEAEEay. IS this

Peuplen
VIXEn

DOURIENEPLONICIUECY

Run:event B484: 44872 Ctrk{N= 40 Sump=104.0) Ecal(N= 41 Sumk= 47.0
Eheam 21.600 Vtx {-0.04, 0.10,-0.32) Hcal(N=13 SunE= 11.3) Muon(N=12} . ml

dGORICIAECY.

N

3

12 56
Catre of soemis ( 0268 19280, 0,000} I T 1




WhHaSorr OIMVAVEAECaY. IS this?

DoUbIeadronic aecay.

IXEn!

DOULIENEPLONICIUECTY
I

Fun:event B204: 7847 Ctrk{N= 72 Sump=122.9) Ecal(N= B3 SumE= 9B.4
Ebeam 21.600 Vtx {-0.03, 0.10, 0.19) Hcel(N=13 SunE= 17.1) Muon(N= 1}

_______________
,,,,,,,
~~~~~~
,,,,,,,

- .,
- ~
g .

-
hS
~.,
S
o
.,
—
*****
------

Getre of spemis ¢ 00000, 1928, 00000




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event B723: 15728 Ctrk{N= 37 Sump= B7.5) Ecal(N= 48 Sumk= 4B.8
Eheam 21.500 Vtx {-0.03, 0.10,-2.44) Hcal(N=11 SumE= 28.3) Huon(N= 2} .

a0, an, 12 S8
Catre of sremis ¢ 0000, 195, 0,00 F—— 7™




WhHaSorr OIMVAVEAECaY. IS this?

DoUbIeadronic aecay.

IXEn!

DOULIENEPLONICIUECTY
I

Run:event B557: 43081 Ctrk{N= 33 Sump= B5.1) Ecal(N= 56 SumE= 68.3
Ebeam 91.500 Vtx {-0.04, 0.10, 1.83) Hcal(N=10 SumE= 4.2) Muon(N= 1)

12 280
Crtre of swemnis ¢ 00000, 1929, 0,000 }—{ i







WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECY : 1
B ,

Run:event B304: 58371  Ctrk{N= 28 Sump=100.5) Ecal(N= 41 SumE=10B.2
Ebeam 21.500 Vtx {-0.01, 0.10,-0.91) Hcel(N=12 SumE= 25.3) Muon(N= 1)

dEONIC AECaY.

12 2B
Catre of semis ¢ 0000, 1935, 0.0000) |—| T T




[

WihaBseREeIMVAVIEEECaY. IS this

DEUDBIENAUIONICIAECAY.

IXEn!

DOULIENEPLONICIUECY : 1

Run:event B272: 41318 Ctrk{N= 22 Sump= 84.7) Ecal(N= 44 SumE= 81.9
Ebeam 91.500 Vtx {-0.04, 0.10, 0.29) Heal(N=12 SusE= 7.3) Muon(N= 1)

a0, an, 12 950G
Catre of sremis ¢ 00000, 1835, 0.0000) F———— '™




WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLONICIUECY

Run:event B523: 80970  Ctrk{N= 90 Sump= 87.9) Ecal(N=101 SumB=117.3
Ebeeam 21.500 Vix {—0.04, 0.10, 0.256) Heal(N=21 SumE= 17.0) Muon(N= 3) i

"""""""""""""""""
""""""
rrrr
44444
- ~.
- S

dGORICIAECY.

Catre of syemis ¢ 00000, 1925, 000 F——— ™



Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Fun:event BY25: 21468 Ctrk{N= 18 Sump=116.3) Ecal(N= 38 SumE= 5B.7
Ebeam 91.500 Vtx {-0.02, 0.10,-2.24) Hcal(N=13 SumE= 14.0) Muon(N= 1)

an, an, 12 296
Catre of s;emis ¢ 00000 19287, 000000 |—| T1 T




WhHaSorr OIMVAVEAECaY. IS this?

DEUDBIENAUIONICIAECAY.
M
DOULIENEPLONICIUECY : 1

Run:event B402: 95852 Ctrk{N= 2 Sump= 92.5) Ecal(N= 9 Sumk= 2.8 -
Ebeam 81.500 Vtx {-0.03, 0.10, 0.41) Heel(N= 6 SusE= 18.2) Muon(N= 2) ‘

G
Catre of syemis {00000, 1925, 000 I—i A




[

WihaBseREeIMVAVIEEECaY. IS this

DEUDBIENAUIONICIAECAY.

IXEn!

DOULIENEPLONICIUECY : 1

Fun:event B518: 84081 Ctrk{N= 27 Sump=103.8) Ecal(N= 34 SumE= 44.8
Eheam 21.600 Vitx {-0.02, 0.11, 1.72) Hcel(N= 8 SumE= 18.8) Muon(N= 2}

......................
ffffff
- -

- -
.....
//////
- ~.

a0, an,
Cotre of syemis {0,000, 195, 0,000 F—— '™




WhHaSorr OIMVAVEAECaY. IS this?

DeuBien
MIXE

DOULIENEPLONICIUECTY
B

Run:event B880: 5178 Ctrk{N= 58 Sump=119.6) Ecal(N= 74 SumE=100.8
Eheam 21.500 Vtx {-0.03, 0.10, 0.98) Hcal(N=40 SuuE= 35.7) Muon(N= 2}

ddlhonic decay.

Gatre of swemis O 1, 000000 F—— ™




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event B402: 78687  Ctrk{N= 17 Sump= 78.9) Ecal(N= 23 SumB= 77.8
Ebeeam 21.500 Vtx {~0.01, 0.10,-0.11) Heal(N=17 SuxE= 24.0) Muon(N= 0)

¥ ks z
X 12 29
Catre of soemnis ¢ 18,300, 5.5, 000000 }‘ | Tl




[

WihaBseREeIMVAVIEEECaY. IS this

DEUDBIENAUIONICIAECAY.

IXEn!

DOULIENEPLONICIUECY : 1

Run:event B748: 33484 Ctrk{N= 53 Sump= 94.6) Ecal(N= 71 Sunk=113.0
Ebeam 91.500 Vtx {-0.02, 0.10, 1.81) Hcel(N=23 SumE= 22.7) Muon(N=10}

Cotre of syemis ¢ 000, 18, 0,000 F—— '™



WhHalserr OIMVAVEAEEay. IS this
DEUBIE NAUIENICIGECAY.
MIXEW

DOUIIENEPLONICIEECY
R

1~

Run:event B515: 388R5 Ctrk{N= 16 Sump=125.7) Ecal(N= 31 Sumk= 31.4
Ebeam 81.500 Vtx {-0.03, 0.10, 1.75) Heel(N=21 SumE= 88.9) Muon(N= 2)

L
-
-
e
v

S
.
-
-
o
.,

(atre of szemis ¢ 00000, 19297, 0,000}

)







WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLONICIUECY

Run:event B418:120785  Ctrk{N= 48 Sump= 89.9) Ecal(N= 88 SumE=109.8
Ebeam 21.500 Vix {-0.02, 0.10, 0.43) Heel(N=15 SuxE= 69.9) Muon(N= 0} =

dGORICIAECY.

Gatre cf sremis {0000 195, 0000 F—— '™




Whiatesert OIMVAVEAEEay. IS this

Peuplen
VIXEn

DOURIENEPLONICIUECY

Run:event B785: 4455  Ctrk{N= 36 Sump= 69.9) Ecal(N= BO SumE= 2.3
Ebeem 21.500 Vtx {-0.05, 0.10,-1.21) Hcel(N=12 SumE= 43.1) Muon(N= 1}

dGORICIAECY.

Y 12 5B
Cirtre of scremnis ¢ 2434, 49,485, 0,0000) |—| T T




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event BY23: 58871  Ctrk{N= 30 Stup= 78.5) Ecal(N= 47 SumE= 50.0
Ebeeam 21.500 Vtx {-0.02, 0.10, 3.21) Hcel(N= & SunE= 14.0) Muon(N= 1)

0, an, 12 S
Catre of sremis ¢ 00000 19237, 0,0000) |—| T T




WhHalserr OIMVAVEAEEay. IS this
DEUBIE NAUIENICIGECAY.
MIXEW

DOUIIENEPLONICIEECY
R

1~

Ebeem 21.500 Vtx {-0.02, 0.10, 0.40) Heal(N= 6 SumE= 12.5) Muon(N= 2)

-----------------
..........
-~ -,
....
s .
- S
- S

S
.
.,
-
e

Catre of swemis ¢ 00000 19297, 0,0000%

Run:event B280: 81600 Ctrk'i_'erl_"'z Sump=102.0) Ecal(N= 11 SumB= 5. u)l @




WhHalserr OIMVAVEAEEay. IS this

DEUBIENAGIORICIAECY.

MIXEW
DOUIIENEPLONICIEECY
N

Run:event B223: 22530
Eheam 21.400 Vtx {-0.03, 0.10, 0.31) Hcel{N=14 SunE= 18.7) Huon(N= 0}

Ctrk{N= 18 Sump=173.9) Ecal(N= 36 SumE= 90.5

»i"

12 20
Catre of sremis ¢ 00000, 1835, 0.0000) }—l T T




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECY : 1
B ,

Run:event B143: 83489 Ctrk{N= 38 Sump=119.2) Ecal(N= 37 Sumk= 46.4 ’
Ebeam 91.000 Vtx {-0.04, 0.10, 0.76) Heel(N=18 SusE= 28.4) Muon(N= 2} -

dEONIC AECaY.

Catre of semis ¢ 0000, 19, 0,000 — e e




WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLONICIUECY

Run:event B87D: 27885 Ctrk{N= 80 Sump=103.3) Ecal(N= B2 Sumk= 83.0
Ebeam 91.500 Vtx {~0.02, 0.10, 1.09) Hcal(N=29 SumE= 40.0) Muon(N= 2} ‘ =

dGORICIAECY.

Catre of sremis {00000 1925, 0000 F—— '™




WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLONICIUECY

Fun:event B475: 333132 Ctrk{N= 40 Sump=102.1) Ecal(N= 86 SumE= 98.0
Ebeam 21.500 Vtx {-0.01, 0.11, 0.37) Heal(N=21 SunE= 82.8) Huon(N= 1} . ml

_____________________

dGORICIAECY.

- .,
*****
~~~~~

....
- A

Catre of semis {00000, 190, 000000 F——— ' ™




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECY : 1
O a ,

Fun:event B206: 40820 Ctrk{N= 55 Sump=114.3) Ecal(N= 60 SumE= 5.8
Eheam 21.600¢ Vtx {—0.02, 0.10,-0.43) Heal(N=29 SumE= 38.0) Muon(N= 0}

dEONIC AECaY.

Catre of sremis {00000, 195, 0.0000) F—— 71 ™




WhHaSorr OIMVAVEAECaY. IS this?

DOUBIEN
M
DOULIENEPLONICIUECY : 1

Run:event B470:1086814  Ctrk{N= 31 Sump=107.2) Ecal(N= 33 SumB=107.4 .
Ebeam 21.500 Vtx {-0.02, 0.10, 0.561) Hecal(N=18 SumE= 13.4) Muon(N= 0} -

dEONIC AECaY.

12 9B
Catre of semis {0000 1925, 0,000 |—| T T







WhHaSorr OIMVAVEAECaY. IS this?
DEUBIE NAUIENICIGECAY.
MIXEG

DOULIENEPLONICIUECTY
I

Run:event B820: 82050 Ctrk{N= 61 Sump= 86.2) Ecal({N= 82 SumE= 57.2
Ebeam 81.500 Vtx {—0.02, 0.09,—4.87) Heel(N=22 SumE= 72.5) Muon(N= 1)

12 SR
Catre cf syemis ¢ 00000 19, 0,000 I—l T




WhHaSorr OIMVAVEAECaY. IS this?
DEUBIE NAUIENICIGECAY.
MIXEG

DOULIENEPLONICIUECY : 1
B ,

Fun:event B867: 88198 Ctrk{N= 82 Sump= 80.0) Ecal(N= 73 SumE= 9B.3
Ebeam 22.000 Vtx {-0.03, 0.10, 0.70) Hcel(N=29 SunE= 45.5) Muon(N= 0}

12 2@
Catre of semis ¢ 00, 128, 0,000 |—| T T




WigSeREOIMNVAVIAECaY IS T

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Fun:event B455: 55674 Ctrk{N= 86 Sump=114.2) Ecal(N= 77 SumE= 9B.7
Eheam 21.600 Vix {-0.04, 0.10, 0.33) Hecel(N=29 SuuE= 35.1) Huon(N= 1) -

12 0BG
Cotre of syemis ¢ 0,00, 125, 0,000 |—| T T




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECY : 1
B ,

Fun:event B455: 32030 Ctrk{N= 28 Sump=104.2) Ecal(N= 37 SumE= 61.7 .
Ebeam 91.500 Vtx {—0.03, 0.10, 0.79) Heel(N=12 SuxE= 12.7) Muon(N= 1} ‘

dEONIC AECaY.

Catre of sremis {0000 1925, 0.0000) F——— 7™



WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLONICIUECY

dGORICIAECY.

Fun:event B250: 37877  Ctrk{(N= 83 Sump=120.4) Ecal(N= 7B SumB= 94.5
Ebeam 81.600 Vtx {-0.05, 0.10, 0.33) Hcal(N=24 SumE= 21.8) Muon(N= 2} I.

12 5B
Cotre of semis ¢ 000, 18, 000000 |—| T T




WhHaSorr OIMVAVEAECaY. IS this?

DeuBien
MIXE

DOULIENEPLONICIUECTY
B

Run:event B424: 5881 Ctrk{N= 20 Sump=101.6) Ecal({N= 51 Sumk= 63.8
Eheam 21.600 Vtx {-0.01, 0.11, 0.22) Hcel(N= 0 SunE= ¢.0) Huon(N= 2}

ddlhonic decay.

"""""""""""""""""
-----------
"""""""

- .,
;;;;;
- ~

Catre of semis {010, 1955, 0.000) F— 1 M




WhHalserr OIMVAVEAEEay. IS this

Peuplen
IXEn!

DOUIIENEPLONICIEECY
R

dGORICIAECY.

»i"

Run:event B430: 98327  Ctrk{N= 10 Sump= 62.0) Ecal(N= 40 Sumk= 58.7
Ebeem 21.500 Vtx {-0.02, 0.09, 1.07) Hecel(N= 8 SunE= 15.0) Muon(N= 0}

12 80
Cortre of semiis {00000, 1975, 00003 I—l T T

@




Whiatesert OIMVAVEAEEay. IS this

DEUBIE NAUIENICIGECAY.

VIXEn

DOURIENEPLONICIUECY

Run:event B519: 20280  Ctrk{N= 98 Sump= 87.5) Ecal(N=108 SumE=100.5
Ebeam 21.500 Vtx {-0.05, 0.10, 0.98) Heal(N=356 SumE= 42.0) Muon(N= 0}

Crtre of semis ¢ 00000 1925, 0,000} E— N




WhHaSorr OIMVAVEAECaY. IS this?

DEUBIENAGIORICIAECY.
M
DOULIENEPLONICIUECY : 1
— ,

Run:event B457: 58855 Ctrk{N= 51 Sump= 51.2) Ecal(N= 4B SumE= 82.1
Ebeam 91.500 Vtx {—0.03, 0.09, 2.21) Heal(N=11 SumE= 8.0) Muon(N= 0)

-----------------
__________
““““““““““
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Ctre of syemis {00000 1928, 00000 F——— '™




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECY : 1
B ,

Ctrk{N= 32 Sump=137.3) Ecal(N= 45 SumB= 80.5
0.09, 2.24) Heal(N=12 SunE= 11.4) Muon(N= 0}

dEONIC AECaY.

Run:event B727: 84552
Ebesm 21.500 Vtx {-0.01,

_____________________
’’’’’’’’’’
\\\\\\
~.,
.
Y

'“J‘
4"
-

4"’
-
-
v

-
S
~.,
S
-,
e,
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------

Catre of sremis ¢ 0,000, 19297, 0,000







WhHalserr OIMVAVEAEEay. IS this

DEUBIENAGIORICIAECY.
MIXED

DOUIIENEPLONICIEECY
R

»i"

Fun:event B820: 48185 Ctrk{N= 92 Sump=145.7) Ecal(N= B3 SumE= 90.3
Ebeam 21.5600 Vtx {-0.03, 0.09,-1.32) Hcal(N=28 SunE= 48.7) Huon(N= 0}

Cotre of semis {00000, 190, 000000 F—— '™

Q)




WhHaSorr OIMVAVEAECaY. IS this?
DEUBIE NAUIENICIGECAY.
MIXEG

DOULIENEPLONICIUECY : 1
B ,

Run:event B322: 7710 Ctrk{N= 20 Sump=107.5) Ecal(N= 48 SumE= 5B.8
Ebeam 21.600 Vtx {-0.02, 0.10, 0.48) Hcel(N=14 SunE= 10.8) Huon(N= 1}

-----------------
---------
________
.......
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Catre of sremis {0000 1835, 0,000 F—— '™




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOUIIENEPLONICIEECY
R

Ctrk{N= 27 Sump=114.8) Ecal(N= 37 Sum= 51.1
SunE= 34.1) Muon(N= 0}

dGORICIAECY.

Run:event BB7TY: 55887
Ebesm 21.500 Vtx {—0.02, 0.10, 1.656) Hcal(N= 9

12 2B
Crtre of syemis {0000 1925, 0,000 |—| T T




WhHaSorr OIMVAVEAECaY. IS this?

DEUBIENAGIORICIAECY.

IXEn!

DOULIENEPLONICIUECY : 1
B ,

Run:event B430:120033  Ctrk{N= 77 Sump=118.1) Ecal(N= 88 SumE= 91.8
Ebeeam 21.500 Vtx {-0.02, 0.10, 0.23) Hcal(N=20 SumE= 47.0) Muon(N= 0}

---------------------
________
‘‘‘‘‘‘‘

;;;;;
s .
’ .
......

12 5B
Catre of semis {0000 1935, 0,000 |—| 71 T




WigSeREOIMNVAVIAECaY IS T

Peuplen
VIXEn

DOURIENEPLONICIUECY

Run:event BY27: 50451  Ctrk{N= 81 Sump=108.7) Ecal(N=118 SumB= 82.1
Bheam 21.500 Vtx {-0.08, 0.09, 5.32) Hcel(N=27 SumE= 22.4) Muon(N= 0) o

-------------------------
”””””
- -,
- .
~~~~~
/ .

dGORICIAECY.

Catreof soemnis ¢ 00000, 19287, 000000



WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECY : 1
B ,

Fun:event B217: 94668 Ctrk{N= 55 Sump=123.0) Ecal(N= 70 SumE= 90.8)} £
Ebeam 21.500 Vtx (-0.05, 0.10, 1.45) Hcel(N=30 SumnE= 43.1) Muon(N= 0} |.

dEONIC AECaY.

Cortre of sremis ¢ 0000 1958, 00000 |—| T ™




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECTY
I

Run:event B506: 98075  Ctrk{N= 58 Sump= 56.3) Ecal(N= B4 SumE=104.1
Ebeem 21.500 Vtx {-0.03, 0.10,-1.35) Heal(N=10 SumE= 11.5) Muon(N= 1)

ddlhonic decay.

12 D6
Cartre of sremis ¢ 0000, 19207, 0,000 }—i T




WhHaSorr OIMVAVEAECaY. IS this?
DEUBIE NAUIENICIGECAY.
MIXEG

DOULIENEPLONICIUECY : 1
_ amm ,

Run:event B326: 88858 Ctrk{N= 51 Sump=131.9) Ecal(N= 78 SumE= 75.8
Ebesm 21.500 Vtx {-0.01, 0.10, 0.43) Heal(N=81 SunE= 77.9) Muon(N= 2}

Catre of syemis 0,000, 195, 0,000 F——— '™




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DOULIENEPLONICIUECTY
I

Run:event B448:100205 Ctrk{N= 55 Sump= 83.1) Ecal(N= 83 Sumk= 7B.4
Eheam 21.500 Vtx {-0.03, 0.10,-1.93) Hceal(N= & SumE= 2.2) Muon(N= 0}

ddlhonic decay.

12 256
Oatre of swemis ¢ 0000, 1925, 0.0000) I—I T




WhHaSorr OIMVAVEAECaY. IS this?

Peuplen
IXEn!

DEUDRIE

dEORICIAECY.

IEPLONICIUECY,
e

Run:event B484: 30051
Ehesm 21.500 Vix {-0.01,

Ctrk{N= 70 Sump=112.2) Ecal (N=107 SumE=130.2
0.10, 0.73) Hcel({N=20 SunE= 23.9) Huon(N= 0}

e
Cotre of semis {0000, 1925, 0,000 }—l TI SAm




W+ decay
W+W- decay

outcomes Leptonic

(e/u/: 3)

Leptonic

(e/u/7: 3)
Probability of Number of ways 1t can happen
a decay type Total number of possible types

P(DH)=N?/Total P(DL)=9/Total P(M)=(2 x 3N)/Total



We saw  ?

o t N2 double hadronic events

We saw  ?

We saw  ?

M=2X3X

=6N

Should observe each decay type according to relative probability

We got... =7



ave got?

BUT — there 1s an additional
factor of three because each
quark has three different
sorts of charges associated

" with the strong force
M

w charm BLUE




We w events because they are simple to interpret by eye

Now the Large Hadron Collider (LHC) has been built at CERN in
place of LEP, colliding protons instead of e*e-

3.87 Sclenoid

_ARON YOKE




son event decaying into e“e u -

ATLAS

EXPERIMENT

Run Number: 304431, Event Number: 2206548301

Date: 2016-07-25 05:01:07 UTC

complex : ’
A.L to get interesting
physics out!

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayPublicResults
https://opendata.cern.ch/visualise/events/cms



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayPublicResults
https://opendata.cern.ch/visualise/events/cms

1 enjoyed it!

Visiting the ATLAS detector cavern, Nov. 2023



ts from last night

f leptons (e,u,t) so there are 9
1C events

Ken saw 13

expect N2 double hadronic events
=N jpoee Ken saw 48
2

M=2X3X =c N Ken saw 41

Should observe each decay type according to relative probability




