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Where ‘s Puebla?

Population: 2,786,000
2162 a.s.l.




Plan of this Zalf

Cosmic ray activities (PuG-UD)

 Titroduction
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Cosnruc ray acz‘/w‘z‘/_‘ es: Introduction

Number
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Primary cosmic rays
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Cosruc I‘@/ activities: Introduwction
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Cosruc I‘@/ activities: Introduwction
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Cosnruc ra/ activities: Introduwction
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* Cosnrnc /‘W actvitiesS: azce Experiment: triqger and

Zracking detectors for cosmics
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e Cosrnc ray

Zracking detectors for cosmics

X N
QCZ’ V’t’ 65 * ALICE Experiment: z‘r{iger and
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* Cosnrnc /‘@/ actvitiesS: azce Experiment: triqger and

Zracking detectors for cosmics
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* Triqger events of almospheric muons. idestity everts with high multiplicidy of amospheric muons.
* Generate a fast Sagna/ of level zero Chat has been wSed For a/{gnmanz‘ and calibration of the inner central detectors in
ALIC& single or multicoincidence mode).
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* Cosnrnc /‘W actvitiesS: azce Experiment: triqger and

Zracking detectors for cosmics

75 TPC calibradion on surface @ ALICE-Pz

2% ) Ve O
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Keconstruction and
‘a visualization of a \S/ng/e
calibration ricton evert

ACORDE Is wused to:

. 77.%3, events of almospheric. muons. identity events cith /7/:9/7 multiplicidy of’ admospheric. muons.
* Generate a Fast 5’:9”‘?/ of level zero that has been wused For aﬁBnMent and calibration of the inner certra/
detectors in ALICK 6/@/3 or multicoincidence mode).
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* Cosnrnc /‘W actvitiesS: azce Experiment: triqger and

Zracking detectors for cosmics
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e Cosrnc I‘@/

Zracking detectors for cosmics

p = proton
L = muon

= pion
V = neutrino
et = electron
e” = positron
¥ = photon

ALICE /ocated 40 1.
underground . !
* 30m oﬁroc.é (Mo/assf
* 10 m oF ar e

o /LM
ems, | LEPAL

~ Is ée_\/

Threshold Maon Energy
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aczl \/I t’ 85 * ALICE Experiment: z‘r{iger and

The bulk of the primary particle production is
donnnated éy forward and soft GCD inleractions,
modeled cOmmon/y n Ke eﬂge—-él-féo\/—éa&sd approac hes
eith parametlers constraned 5}/ Zhe exfsz‘frg collider
data. When extrapolated Zo energfes around the G2ZK-
cutoff, the current MCs predic? enerqy and
multiplicity Flows differing by Factors as large as
Chree, with Slgnlf'canf inconsistencies in the Foreoard
l‘eglon.

With the ALICE s detectors iZ /s /9056!'5/3 Zo detect
2hose ruons COM:';@ from the cosruc ray that
reaches Zhe P2.

Topics of interest in Cosrnc ray analysis in
ALICE

O Muon ma/tip/icizfy distribetion (in progress )
Q Study of cosric ruon bundles (in
progress )
O w'/u- charge ratio measiurement (in
progress )
Q Study of cosric horizortal muons (stand by

25



* Cosnrunc /‘@/ activitiesS: azce Experiment: ¢rigger and

Zracking detectors for cosmics

B S <f

B o

7T he a/gor/i/zmes for reconstruction of
Yracks in the TPC have been created ma/n/y
for protons and Aears ions collisions.

These melhods have DBeen adapted and
improved continuoushy dan‘ng the analysis of
CR - events which have a COMP/eZ‘e/y
different iopo/ogy.
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* Cosnrnc /‘Cy actvitiesS: azce Experiment: triqger and

Zracking detectors for cosmics

TIME PROJECTION CHAMBER (TPC) :
ALICE TPC Collaboration, J. Alme et al., "The ALICE TPC, a large 3-dimensional
tracking device with fast readout for ultra-high multiplicity events.", Physics. Ins-Det/

10011950 (2010). _
Muon Interaction Event

T

¥4 ‘,\‘ =
» S
AN

Standard Muon Event (multimuon)
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* Cosnrunc /‘@/ activitiesS: azce Experiment: ¢rigger and

Zenith © (Deg.)

Zracking detectors for cosmics

Shafts .
The riwons Crossing the shafts

1000 Have a locwer energy cuwt—ofF.

,4 /. arger naméer of’ muons arrive at
Z2he experiment in Che directions of
2he shafts

~{800

600

400

200

250 300 350
Azimuth ® (Deg.)
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events

e Cosrnc I‘@/ activities: Abmospheric Muon Maltiphcity

Distribedion (MMD)

7
ALEPY): ~20 days of data taking |” 178 W /or ZepthiosT
- r1mary energy = 3 X 10° e
2) 8.3 U /r7 Zenth=32.729
Primary enerqy = 3 x 10% eV
3 5.9 U/ r?  Zenth=40°
Primary enerqy = & X 10'¢ eV
P 5.2 U/A57 Zenth=4% .4°
Primary enerqy = 7 x 104 &V
IS U/ r7 Zent h=279
p/‘/‘MCU‘y enerqy = 107 eV

Astroparticle Physics 19 (2003) s13-523

160
rrultinlicity
The five highest multiplicidy events, with wup o 150 muons within an area

of § 77’y occur with a Ffreguency which is a/most an order of’ magnitude
above the Simeladion.
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Cosruc I‘W activities: A mospheric Muon Multiphcity

Distribedion (MMD)

number of events
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DELPHI: ~ig.5 days of data aking \
d

+ 7 soturated
events

7 Aigh meddiplicidy events 2hat

e d s a o b a g o Lo o o 1y P BP0 U R o |
20 40 60 80 100 120 140 160 180
muon multiplicity

Satwrale Che delector

Astroparticle Physics 25 (2007 273256
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e Cosrnc I‘W activities: Abmospheric Muon Maltiphcity

Distribedion (MMD)
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. | Astroparticle Physics 25 (20094 273-256
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The conclusion is Sipular 2o A /8/9/7 :
Yowever, even the combinalion of extreme assumplions of /1{9/7352‘
measured Flux value and pure iron Spectlrusm Ffals o describe Che
abundance of high meultiplicidy events.
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e Cosrnc I‘@/ activities: Abmospheric Muon Maltiphcity

Distribedion (MMD)

1 07 I I I 1 I 1 I I 1 I I I 1 1 ] 1 1 I I I I 1 1 I I I I I _
10° Atmospheric i multiplicity distribution for 2010 and 2011 data ;
2 s
c 10
)
> 4
© 10 = DATA Cosmics
“6 —— MC fit: Fe as primary
e 3 ~ MC fit: Proton as primary
o 10 7/ :
3 -
S 102 ALICE |
S PERFORMANCE -
Z 23/05/2012
10 - -
1 j 1 1
1 1 l L 1 1 1 J 1 1 1 l L 1 1 | l L | L L

100 150 200 250 300
Number of n

* In ~ 1 days of data we found Chree Aigh meon multiplicity everts
(HME) not explaned eith the simulations.

o Two of them Ahave more than 100 retons.

* We have o understand these events!!!
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e Cosrnc

Distribedion (MMD)

ray activities:

4fmo$p/73r/‘c Muon Ma/z‘/p//‘c/‘iy

..g 10* - Cosmic ray data analysis: DATA and MC (corsika+AliRoot) comparision Data taken Feé—4a3 201 ~ 9.8
S il days /ive time
8 - . Trigger : ACORDE + TOF
L T 2 Foas primany: 103 10M7 0V o Comparison with Simulation
E - A Proton as primary: 1013 - 10*17 eV CORSIKA code with
5l JGSIET IZ-03
1 2-a- Proton primary Fe Primary
102 E- _‘_—:—*‘.' @ The data as eXPeCieo/ are insSide
g e - 2 the pure proton and pure Fe
; o +—_;'_+++ - Composition. A [oww mu/z‘i/o/iciz‘ies
10 F = & + + Periormance |\ ¢/o., primary enerqy) ¢he data are
: + h '*‘.' 22/09/2011 closer o the proton curve
& ++ -*—f qpprodcjﬁlg 2he Fe curve at /71:9/731-
1k _ +_ +_ - +_:¢:ﬁ multiplicities in agreemert ewith
1 L W R Previous results.
5 10 15 20 25
Number of n

ALI-PERF-1143
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e Cosrnc I‘@/ activities: Abmospheric Muon Maltiphcity

Distribedion (MMD)

g
o
o
s
D

300 350

¢ (degrees)
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. b8
e Cosnruc I‘@/ activities: Abmospheric Muon Maltiphcity
Distribetion (MMD)
No. of candidate atmospheric p (2010, 2011, 2012 and 2013 data - ALL triggers)

2 N — T S — N muonMulti
*q&‘J E | | | ! | [Entries 2.805166e+07
5 107 - Mean 1.747
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(@] [
o — ]
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10° = _
. 3
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No. of u
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e Cosrnc I‘W activities: Abmospheric Muon Maltiphcity

DI‘SfrféuZ‘/‘on (M /‘@)

Is it possible to explan
Zhese /7{9/7 »UoNn
ma/z‘ipﬁ‘cz‘z‘y events (HME)
with a standard
C’,OMPO\S/Z‘I“Oh of PI‘/‘MCU}/
cosrrc rass and actua/
Ahadromc interaction
mode! 7
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¢ COSMIC ry M’Wf’&\f' Simple Mornte Carlo to study >$//3/7
S

Atrmospheric Muons Even

Simple Montecarlo
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Flux {m® sr s Gev)™

¢ COSM / c r ? act’ V’t’ 85 . Simple Mornte Carlo to study %5/7
S

At mospheric Muons Even

:::EMAQ"AAA Fluxes of Cosmic Rays ) p";\,}?af}/ 676':9)/ l.h 4/'68 : 'OB ‘<£‘<|OIS
F e
m“E: %%A :_ (1 particle per m*—second) e 7o staa/y /7,3/7 st/ 'P Jics t}/ oVents
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Num. of Events

¢ COSM’C ,\? QCZ’V’Z’eS: Simple Mornte Carlo to study >6//3/7
S

At mospheric Muons Even

3¢.5 da/s of simulated data (slope=-3.1)

Muon Multiplicity Distribution (p) E = 3*10*15-10*18 eV Muon Multiplicity Distribution (Fe) E = 3*10*15-10*18 eV
o % o
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Num. of Events

¢ COSM / c r ? QCZI V’i’ 65 . Simple Mornte Carlo to study >6//3/7
S

At mospheric Muons Even
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36-5 a/ca/é of” Simulaled data (S/ope=-3.0>

Muon Multiplicity Distribution (p) E = 3*10*15-10*18 eV
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Muon Multiplicity Distribution (Fe) E = 3*10*15-10*18 eV
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Num. of Events

¢ COSM / c r ? QCZI V’t’ 85 . Simple Mornte Carlo to study %3/7
S

At mospheric Muons Even
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36-5 a/ca/é of” Simulaled data (S/ope=-3.0>
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¢ COS M / c r ? QCZI WZ' 85 . Simple Mornte Carlo to study >‘//3/7
S

At mospheric Muons Even

. Event Dist. of the Primary N. of
Core at Alice level HME _ Num. core [m] Ener. [PeV]  muons
T F Alice center | ' 3.8 34 131
Q -
20_‘000 - . . Mean x  1.028%e+(4 2 137 60 175
: Alice location ey 1zt |13 21.5 148 165
B 4 RMS y 0 4 58.3 755 160
15000}
: 1w .3 4/ /ci
10000}~ IZ seems possible Co explan
. HME :
i 2 : o o)
5000 —Primary energy £ > 10¢ e
i —Core localion closSe Zo
A position of the core Alice
— of hme ‘
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[ COSM;C r@ QCZI\/IZI&S Simple Mornte Carlo to study >6/3/2

Atmospheric Muons Even

Contribution of each energy range in
the number of muons per event

1-1 1-20 1-47

IZ /s expected to Aave more Chan
60 ruons for Fe and more 2han
47 muons for proton in /s

range of erergy.

Fe 14 1-10 1-20 1-60

The first range of energy does not have events with Nmu>4
The high mult. events (Nmu>100) have always E>1016 eV

Friday 157" 2013 = Czech Techncal University in Pragete 3
( faca/z‘y of” Nuclear Sciences and Physl‘ca/ fnﬁ/neer/n3>



¢ COS M ;c " W aczi‘\//‘f/‘es . Final remarks on cosric ray actvities

* Alice can detect almospheric muons wup to very high muon multiplicity
enth the possiéi/iz‘y lo measure For each muon the momerntur, Che
C,/mrse ) Zhe a//reci/on, Zhe SPQZ‘/Q/ coordinates and the arrval time.

o TZ Seems /90551‘5/3 o explan Che /7/:9/7 ma/z‘ip//ciz‘y events as due Zo very
Aigh energetic primaries, probably of Aeaty component, with a core
located near Alice

* 7o reach a final conclusion on Chese events we plan Zo :

- TIhncrease the statistics of Simulated events o reduce the
fluctuations

- Passirg ZA e 3eneraz‘eo/ even?s in the AliRooct 2o Aave more realistic
distribedions to Conmpdare ewith data instead the actua/ Upper linnts.

- 77-y o wuse different interaction models to sSee the cﬁa/ges

— Use all the other measured variables like Lhe momentirn, the spatia/
distribection, the c/mrje o reach a full comprehension of these
events

. .Dar/rg 2012 17 was imp/emeniea/ a dedicated cosrnc ray Z‘r{iger a’&(r/rg
BEAM RUNS (not discussed in 2his Zalk)

22



¢ CO\S M I.C', I‘ @/ QC',Z(I‘\/I‘ZI‘eS . Final remarks on cosric ray actvities

§2! ! T T T TTT] ! T T Tl
c
o ’ 03 u at surface ]
q>, w at ALICE's level large area (toy-MC) -
S w at ALICE's level small area (toy-MC) ]
g w at ALICE's level (ghost scintillator) 7]
—@—— pat TPC (corsika+AliRoot+TPC reconstruction)
10°
10
1 ®
1 10 10° 10°

No. of u
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¢ CO\S M I‘C I‘ W QCZ(;\/I‘Z;&S . Final remarks on cosric ray actvities

| preton rnolt reconstrected éy Zhe TPC

‘

L

i

RV
fi_ 3

il

* 4 pwtons ot 4LIC£‘5 [eve/
* 3 putons & 7PC

* 2 ptons reconstructed

€ | pston »11SSed

Friday 157 2013 = Czech Techmcal University in Pragete
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¢ COS M ;c ,‘ W aczl‘\//‘t;es . Fina/ remar(’s on cosric ray activities

’T | | | | | | | | | | | | | | | | | | | | | | | | —
E — -
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o — -
= B B
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C — —
L — .
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¢ CO\SM ;c ,' W acz ;V;i;e\s . Final remarks on cosric ray actvities

S ar». Muons
MCN: s

Friday 157" 2013 = Czech Techncal University in Pragete
( Faca/z‘y of” Nuclear Sciences and Physl‘ca/ fnﬁ/neer/n3>



AU Zra pel‘lﬁ/?el‘a/ colliSions studies ( a tas fe>

E_ 7 5 200 ey ]

5 D 1 o TPC D
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g 5001~ PERFORMANCE \:‘/ PEQF%'}&ECE
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=) A [a) r PERFORMANCE ] C ;| 8 = A o MC, pions ]
o - a 03 30/09/2011 200 L .| @ MC,kaons |1
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_l.- .l-hr. T 0.2F 3 r L4 a ‘g 1
L D 2F ] [ ! e = ]
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E g ; - vertexing *ese s
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7 he a’eS{gn 'S opZ‘/m/Zea’ £or reconstruction and identiFicadion of parZ‘/c/eS
ih a wide rapge of LransversSe morentin.

particle identification ( practically all knoecon Z‘ec/m/?ae\s )
extremely low-mass tracker ~ 10% of Xp

excellent Verz‘exfng cqpaé///z‘y

efficient low—rmormentiir Z‘rac,é/ng — dowon 2o ~ 100 MeV/c

Friday 18 2013 = Czech Technmeal University in Pragete
( faca/iy o Nuclear Sciences and phyS/ca/ fhﬁ/neeﬁnﬂ)



AU Zra perzp/'zera/ colliSions studies ( a tas Z‘¢2>

collision: collision: > S

Central 6 Peripheral e Ultra-peripheral 9

collision: ‘
* Two heavy nuclei not overlapping

The wultra peripheral collisions

occurs £ 6 2R+K2 =D Zhe

phctons and nuclei can

Projectile : inleract in \58\/8/‘&/ w@/\f .
%dc/ronfc interactions are
Sz‘rozg/y Suppressed.

- Projectile

fr/c/ay 15" 2013 = Czech Technical Universidy in Pragete 5
(Fac a/iy of” Nuclear Sciences and P/vyéfc a/ fnﬁ/neeﬁ/nﬁ)



AU Zra pel‘lp/?el‘a/ colliSions studies ( a tas Z‘¢2>

= TXWO BEAM OF PHOTONS

7.0 / 7 wo ions (or protons ) pass Ay each olher
1 Y Y
with impact parameters 6 > 2K

1. Electromagnetic interaction: Y + VY

2. Direct photonuclear interaction: y +parton (y+g =2 qq, g+q 2jet+jet) *

fr/day 1527 2013 = Czech Technical Unriversity in Pragae 5 ‘
(Fac L(/fy o Nuclear Sciences and /9/7y5/‘c a/ fhj/nee/‘/nﬁ)



AU Zra per/p/zera/ colliSions studies ( a tas fe>

55&)‘/{9/7( Simutlations For cotierent T/ Y Exclusive J/§s production
Two tracks in otherwise
% :---|---|---|---w--*--|---|---|--'|---: an empty detector
T 18000F= 7 -
5 1000 d .‘. 3
s SN s
14000 :— .. * —:
12000 = Ay '. - B ,\
oo - &0 = g
o e ¢ o =
8000 = ) LI ’ =
E . @ . 3
EO00 = * e, ) -
= » ® -
4000 = o (" » -
2000 = ’ : ¢’ ’ =
E .? Y = ALICE allows a rapidit
N I | P I [ I B prdity
S F— - -4 2 0 2 4 h6 8 10 dependence study!
rapidity

7 hree \T/ ‘lp ana/ysis are poSSfé/e v 4LIC£

I. Both dileptons (metons or electrons) at cerntra/ rapididy, -0.9<y<0.9
2. Both rmutons at forward rapididy, -4.0 <y< -2.5
3. One forward riwon and the other al »ud -—-rc;p/a//z‘y
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AU Zra Pel‘lp/?el‘a/ colliSions studies ( a tas fe>

MUON SPD layer 1 PMD

R0 by ? AN LY > utu-

P e NS N L .
6 J_|J L S8 Toner Z‘rczc(/ng Systent (IT75)

e -h S 7 e prce/'ecz‘ ion Chamber (TPC)
-y < 7] < -2.5

5 FMD-§8D-FMD
TPC full —|.|
4 VO TRC red. Vo

JJ TRD
0 TOF T0

2 ;

n _|-|J PHOS* H
1 %—TIH zP* EMCal* ZEM®..ZP* 2N,
u ACORDE*

lIIIIIIIIIIIIIIIIIIIIIIII

Foreward rapididy: Muon arrr +
\/Zé‘( @, fr/:ige/‘-' al least? one
ricton Cardidale + veldo on

VZERO-A.

| ~ 3.4 M muon UPC 2riqgers collected in 20l

fr/a/ay 15" 2013 = Czech Technical Universidy in Pragete 5 3
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AU Zra pel‘lp/?el‘a/ colliSions studies ( a tas fe>

1. AB-MSTWO0S8 - No nuclear effects
All nucleons contribute to the
scattering do/dt at t=0 scales with
A2

2. STARLIGHT, CM and CSS
Glauber approach to calculate the
number of nucleons contributing to
the scattering. Dependence on
total J/w-nucleon cross section

3. Partonic models (AB-EPS08, AB-
EPS09, AB-HKNO7, RSZ-LTA)
Cross section proportional to the
nuclear gluon distribution squared

do/dy (mb)

Pb+Pb — Pb+Pb+J/y \s,, =2.76 TeV

ALICE

\IIIIIIIIIIIIIIIIIIIIIIIIIIlllllll

Most forward )/ys in UPC Pb-Pb at LHC are

from low photon-proton c.m.s. energy
Either nucleus can serve as photon emitter or

photon target, at forward rapidity
(-3.6<y<-2.6), x~102and x~10

Friday 18 2013 = Czech Technmeal University in Pragete
( Faculty of Nuclear Sciences and Physical £n3/neer/n3>

------- AB-MSTW08

--=-- CSS
AB-HKNO7

— — STARLIGHT

- GM

~w=r= AB-EPS09

¢ ALICE Preliminary

--
- e

——— RSZ-LTA .’ RS

-
.......

-oomoo AB-EPSOB S ¢
' 7

The error is the quadratic sum of the

statistical and systematic errors
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AU Zra pel‘lp/?el‘d/ colliSions studies ( a tas Z‘¢2>

* ALICE has made the first LHC measurement on
Jlw photoproduction in ultra-peripheral Pb-Pb collisions
at 2.76 TeV, per nucleon pair

-3.6<y<-2.6

Coherent differential cross section p,<0.3 GeV/c

day)y /dy = 1.00=0.18(stat) 1] 3¢ (syst) mb

* AB-MSTWOS is strongly disfavoured. It assumes that the
forward scatting cross section scales with the number of
nucleons squared. STARLIGHT cross section is also
disfavoured

* Best agreement is found with models that include nuclear
gluon shadowing (RST-LTA, AB-EPS08, AB-EPS09)

fr/day 15" 2013 = Czech Technical Universidy in Pragete 5 5
(Fac a/iy of” Nuclear Sciences and /9/75/5/6 a/ fhﬁ/neeﬁ/nﬂ)



AU Zra Pel‘lp/?el‘d/ colliSions studies ( a tas Z‘e>

Y 2 etes, MU . MUON  SPD layer1 PMD
Irner Z‘rdc,é/n 5}/52‘8/)7 (75 > N\ 7 :

7 ime Projection Chamber (TPC) | 2% SN 6 .-l"—"I_Lh T

N/ < 0.9 g JJJ i’j’i FMD
. e E FMD-~-§$D-FMD

TPC full -|.|

4 JJ VO~ TPC red. Vo

TRD
0 TOF T0
HMPID*

PHOS* H
: 7p*

/ 4‘:;"- - > P Eﬂgl* Zﬂﬁ* I LLI.Z%
................ /i [ ACORDE*

g
\ —

Certra/ rc;ﬁ/c//fy TOF Z‘r?er :/?a/r/ng a /7/2‘ ML(/Z‘//Q//C/ 2y Z‘o be éeZ‘ween 2 czna/
by \/efO/ng 5/3/762/5 fron both VZEROD detectors, and with ad least 2 Ats in
SAPD. In addition, at least one of Che Zri ﬁgerec/ tracks éy 7TOF has Zhe
anqular correlation 150° < AD < 1500

=

ﬁ/‘day 15" 2013 = Czech Technical Universidy in Pragete 5
( faca/iy of A/ac/ear Sc/en(’,e5 and p/?}/S/CQ/ fnﬁ/neer/'n3>



AU Zra pel‘lp/?el‘a/ colliSions studies ( a tas fe>

4/50, we Can Z‘ry o look For the rho in UPC events (2010 and 201 data
562/)7/9/8>

7 oo irlg\gerS wsSed for central events

Eent selection (LA CioAh per/ocﬁ

° CO0M2 (or CC[[/Q?) Z‘r{igers ° COOM.?—B—-A/OPF—" 4[.[. a least Cwo
. Pl-/mary Verlex events hits in TOF

o VZERO veto

o Eactly 2 tracks © CCUP2-B-NOPF-ALL: & /east Zewo

Ats in TOF + o /least 2o Ads in
SPD + VZERD veto

77‘&6( Selection

o Standard track cuts For 2000 data CTPC clusters >0, chi?/clusters <)
* Opposite charged par tracks

* Track rapidity € y)-‘ IyI<0.5

o Track dE/dx [/ 47 < 1.4

© Pair track p, <015 GeV/c

Friday 18 2013 = Czech Technmeal University in Pragete 5
( faca/iy of” Nuclear Sciences and P/7y§/'ca/ fnﬁ/neer/n3>



Ul ra /aer/p/?era/ c

dE/dx

ollisions

studies (a taste)

4: T 8400 LN =
- S P s00F ! 3
3 ] = ' -
E E 2505 f f
2.5_ - —8 = —
- 3 200 t i =
i 1 150 . -
1= 50 # t‘ =
- g ¢ M =
0'5_ 2 0_| 1 1 |..dr| L L1 # St ey oy (PO
- o 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2
E Inv. mass_,, [GeV/c?]
% o5 1 s 2 25 °
p, (GeVic)
25 L L 4 1 1 1 L L 5
Cut # of events Cut # of events I JI
i 4.5
Events analyzed 3,926,902 Events analyzed 3,926,902 i ) .
2 i —a
COOM?2 triggers 1,273,230 COOM?2 triggers 1,273,230 [ i iy
i BRI - 2 '
Primary vertex 777,928 Primary vertex 777,928 156 sl "|.-_':='.'."-<? s
Two accepted tracks 33,334 Two accepted tracks 33,334 g i - 25
Standard cuts (2010) 32,528 Standard cuts (2010) 32,528 it 1
|Vz|<10 cms. 29,262 |Vz| <10 cms. 29,262 i '
VZERO veto 9,326 VZERO veto 9,326 ! 1
0.5
dE/dx cut 8,113 dE/dx cut 8,113 I
O | I - L1 1 1 1 1 L1 1 1 L1 11 0
ly|<0.5 3,079 ly|<0.5 3,079 ° 0 ! dE/dx,1'5 2 29
Pt<0.15 GeV/c 2,038 Pt < 0.15 GeV/c 2,038
Friday 15 2013 = Czech Techmeal Unversity in Pragete

(Facul iy o Nuclear Sciences and /‘7/7y5/c a/ [nﬁ/neer/nﬂ>



AU Zra perzp/'zera/ colliSions studies ( a tas Z‘¢2>

ﬂ)/'ly Zo look For excited stales of PO in Pb-Pb andp—Pé

Not clear Aoewo many excited states exist, or Zheir poSS/A/e
guantum numbers (see special PDG revieco)

57;4 ( cz/reac/y pé(é//S/?ec/ a pc;ﬂer on f our -p/on proa/é(CZ‘/on ‘N
U{PC

No YERAH Papers on Zhe p/?ofoprodacf ron of a P © excited
Stale

Look for p° ((000>.7

fr/c/ay 15" 2013 = Czech Technical Universidy in Pragete 5
(Fac a/iy of” Nuclear Sciences and P/vyéfc a/ fnﬁ/neeﬁ/nﬁ)



AU Zra pel‘lp/?el‘a/ colliSions studies ( a tas fe>

THE p(1450) AND THE p(1700)

Updated May 2010 by S. Eidelman (Novosibirsk) and G. Ve-
nanzoni (Frascati).

In our 1988 edition, we replaced the p(1600) entry with
two new ones, the p(1450) and the p(1700), because there was
emerging evidence that the 1600-MeV region actually contains
two p-like resonances. Erkal [1] had pointed out this possibility

the 7 mass. A recent very-high-statistics study of the 7 — w7y,
decay performed at Belle [18] reports the first observation of
both p(1450) and p(1700) in 7 decays.

The structure of these p states is not yet completely clear.

Friday 18 2013 = Czech Technmeal University in Pragete
( faca/fy o Nuclear Sciences and P/zysfc a/ fhﬁ/neeﬁ/nj)



AU Zra pel‘lp/?el‘a/ colliSions studies ( a tas fe>

We now list under a separate entry the p(1570), the ¢
state with J©¢ = 17~ earlier observed by [27] (referred to as
('(1480)) and recently confirmed by [28]. While [29] shows
However, the sensitivity of the two latter is an order of magni-
tude lower than that of [28]. Note that [28] can not exclude
that their observation is due to an OZI-suppressed decay mode
of the p(1700).

width is substantially larger. Recently [28] observed a structure
at 1.9 GeV in the radiative return to the ¢m final state, with
a much smaller width of 48 £ 17 MeV consistent with that
of [56,58]. We list these observations under a separate particle
p(1900), which needs confirmation.

fr/day 1527 2013 = Czech Technical Unriversity in Pragae l
( faca/z‘y o Nuclear Sciences and p/]}/S/C a/ fhﬁ/neeﬁnj)



AU Zra pel‘lp/?el‘a/ colliSions studies ( a tas fe>

Counts /(20 MeV/c)

140 Around 500 Ccohrerent 80;_
120 | cand/dales 70
100:_” L 60
C s S~ —
80 £ 505
AN 3 ,nF
s\ o 40-
40 30
206 20E
%="01 02 03 04 05 06 07 10
pT[GeV/C] 0: TR | L1 ¢l 1 [ f
STAR paper: PRC $1 044901 (2010) 04 06 08 1 12 14 16
90 n*r Invariant Mass [GeV/c?]
< 90 ]
E 80F- —0.1 Deca/ of” 0 X1200) assumed to be o a
= i O
s 7O 00 P (2720) + £0¢,5p Ste
~ 60:— 7] (]
2 _k 1 €
S 50 —0.06 S
3 40F . Main results:
30; —_0.04 p/?ofoproc/acz‘/on oF P 0(1700> Zo 4T
- . Dedca/ Zo 2T not Seen
20_— 7 . R
- —0.02| Katio oF O 0(:;-’:70) /P 0(1:700) Cross Sections
10F ]
=95 2 25 3 0

+ ot 2 2
't Invariant Mass [GeV/c“] s e Limivers: 4y in ngae 2
(Fac a/fy of Nuwclear Sciences and /9/7y5/"c a/ fhﬁ/nee/‘/nﬂ)



AU Zra pel‘lp/?el‘d/ colliSions studies ( a tas Z‘¢2>

Event selection

o CoOM2 (or CCUP2 or CCUPY For 201 data) z‘r{igers
*  Primary verlex events

o VZERO vedo

© Eactly 4 Yracks

77-ac(’ Selection

* 2 Opposite charged pair tracks

Friday 18 2013 = Czech Technmeal University in Pragete 3
(Fac a/iy of” Nuclear Sciences and /9/75/5/6 a/ fhﬁ/neeﬁ/nﬂ)



Events

AU Zra pel‘lp/?el‘a/ colliSions studies ( a tas fe>

TN+~ photo-production in UPC Collisions: A First look 2o the data (L Ciph)

Pt of four T < 015 GeV/c (coherent everds): ¢i2
7
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We have carried owd a £1rS? 62/762/}/5/5 at 4 LICE Zo /oo,é Ffor excited states
of rho - First results are very prom/é/ng resw/ts!

——> Four -—p/ol‘) 5/:9/762/ n 2010 very Sinular than whdd was Pé(é/ 1S hed éy
STAK

——> Four-pion 5/5/74/ in 200 = 10 Cines rore Statistics than in 2010
—=2> There ey be a Kho pr/me 5/:9/762/ a/so in he Two-—p/on channe! For
201 data
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