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Analysis of RUN1 data in full swing
— 110 papers

— Impact of the publications remains extremely high (3 out of10 of
the top cited LHC physics papers)

— Strong presence at conferences.
~ 100 conference contributions in 2015 so far (over 400 in 2014).

ALICE talks - trend 2015

N. of talks from Jan. 1st 2015

109 papers submitted as of 2015-04-23
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New Institutes

ALICE
UC Berkeley (USA)

— New full member (in association with LBNL)

Technical University of Kosice (Slovakia)
— From associate member to full member in association with IEP Kosice

Calcutta University (India)
— New associate member

Excellence Cluster Universe, Technische Universitat

Miinchen, Munich (Germany)
— Full member in association with TUM

Vienna SMI (Austria) and MIPT (Russia) will apply for full ALICE membership in
June

Discussions ongoing for the passage to full member of Bonn, Egypt and a group
of Chilean Universities

Discussions ongoing with new institutions in Azerbaijan, Bangladesh, Brazil,
Malta, Pakistan, South Africa and the UK

ALICE continues to be very attractive!
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ALICE detectors now vs. Feb. 2013

New
installations

— 5TRD
modules

— 8 DCal
modules
(approved
in 2010, US
led project)

— Add 1 PHOS
module

ALICE

FULL TRD

4 PHOS SM

DCAL
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Short-term: LS1 plan, preparation for RUN2

New ALICE
installations

— 5TRD
modules

— 8 DCal
modules eV \
(approved + replacement of the whole DAQ/HLT,

in 2010, US new readout for the TPC (factor of 2
led project)  faster), new gas for the TPC, new

FULL TRD

= — ’)/;.' \’;/

— Add 1 PHOS routing for the Trigger and a major
module .
consolidation effort all over...
DCAL
4 PHOS SM
11
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ALICE Diffractive Detector - AD

Bas enr i, bor.,

f/"l ‘4'

|] AD-A counters are in
L ‘ | the UX25 cavern
+

AD-C shower counters in RB26 tunnel
no access for the next 3 years
optical fibers for transport of light PMTs are in the cavern




Detector construction

Trigger detector A COsmic Ray DEtector ALICE Diffractive
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Phase Diagram of QCD Matter
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LHC heavy ion runs

« Two heavy-ion runs at the LHC so far:
« 2010 — commissioning and first data taking
e 2011 — above nominal instant luminosity

« p—Pb nextyear — 2013
« plan for ~ 30 nb

pilot run September 12th successful !

« Long Shutdown in 2013-2014

year system Energy Integrated
Vsyy (TeV)  luminosity

2010 Pb - Pb 2.76 ~ 10 ub?
2011 Pb - Pb 2.76 ~ 0.1 nb?
2013 p -Pb 5.02 ~ 30 nbt



The program of ALICE




ALICE proton proton
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all known techniques for

particle identification:

Multigap Resistiviw
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E/dx (arb. units)

all known techniques for
particle identification:

D 120

drift gas

and PID via
dE/dx

-0.9<n<0.9

HYV electrode (100 kV)

field cage
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Time Projection Chamber
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CPT invarianz established 1955 by Wolfgang Pauli

independentely Gerhart Luders
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V.A. Kostelecky, N. Russell: Data tables for Lorentz and CPT violation. In:
Reviews of Modern Physics. 83, Nr. 1, 2013, S. 11-31. arXiv:0801.0287.
Bibcode: 2011RvMP...83...11K. doi:10.1103/RevModPhys.83.11.
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Diffractive Physics

proton




Diffractive and Non Diffractive Interactions

non diffractive =»no gaps
color exchange

p p

*True cross sections at LHC
energies are not known
 Scaling of cross sections with
energy is model dependent

diffractive =» gaps
colorless exchange
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0.134 SD 0.187
0.063 DD 0.127




Single Diffraction (SD)
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Non Diffractive (ND)
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Event samples

Data at three energies: /s = 0.9 2.76 7 TeV
Low luminosity, low pile-up:

average number of collisions per bunch crossing = 0.1
Trigger used: Minimum Bias — OR i.e.

at least one hit in SPD or VZERO
VZERO signal should be in time with particles produced in the collisions

DATA

JVs=0.9 TeV 7 x 10%vents

Js=7.0 TeV 75 x 10°vents

Js =276 TeV 23x 10%°vents

Filled and empty bunch buckets used to measure beam induced
background, accidentals due to electronics noise and cosmic showers



Minimum Bias Trigger - OR
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ALICE Diffractive C-side



Summary of measurements on Diffractive Physics

Measurements of Diffractive and Inelastic Cross Section
Eur. Phys.J. C73 (2013) 2456
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Forward Multiplicity

-3.4<n <1.7
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offline event clasification: “1 arm-L” “1 arm-R” “2 arm’”

Example of R-side SD topology Example of DD topology
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arxXiv:1208.4968 [hep-ex]

2-arm events tuning PYTHIA and PHOJET double
largest An | diffraction to experimental width
distribution of two arm events
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can be used to compute SD fractions.


http://arxiv.org/abs/arXiv:1208.4968

efficiency/in-efficiency versus diffractive mass for SD :
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at high energy the ratio
remains constant

ﬂ ratio ratio side asn J-"' OINEL

(TeV) definition per side fota . .

0.0  Tarm-L/2-arm 0.0576 = 0.0002 Lside 0.10+0.02 021003 consistent with
l-arm-R/2-arm  0.0906 + 0.0003 R-side 0.11 +0.02 UA5 pp

276  l-arm-L/2-arm  0.0543 +0.0004 L-side 0.09 +0.03 0.20'] 04
l-arm-R/2-arm  0.0791 £ 0.0004 R-side 0.1 113;3;?

7 l-arm-1/2-arm  0.0458 £ 0.0001 L-side 0. miﬁ% 0.205 07
l-arm-R/2-arm  0.0680 £ 0.0001 R-side 0. ]Dl,:,:ﬂ,g

A

results symmetric despite different
acceptance from ALICE

corrected for acceptance, efficiency, beam background, electronic noise
and collision pileup

DD events defined as NSD with large gap

Vs (TeV)  opp/oineL with A > 3
0.9 0.11 £0.03

276 0.12+0.05
7 0.121993




Measurement of Inelastic Cross Section

— 100
0
é —
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Measurements of
Diffractive
Cross Section

with inelastic cross section and
relative rates we obtain SD and
DD cross sections

for /s = 0.9 TeV we do not have
vdM scan and o;,,,; from UAS
was used

2
Oy =52.57, mb

INEL

Gotsman et al.

Goulianos
Kaidalov et al.
Ostapchenko
Ryskin et al.
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Measurement of the cross section

Oi,el Proton proton @ 7 TeV

ALICE 727 + 1.1 £ 51mb
ATLAS 694 2.4 4+ 6.9 mb (arxiv:1104.0326)
CMS 70.4 1.1 + 3.5mb (M. Marone, DIS’11)

H+ I+ |

Oi.el Proton proton @ 2.76 TeV 100

- e pp ALICE
ALICE 62.1 + 1.6 + 4.3 mb 20l A% ATLAS
extrapolation 64 5 mb - = pp CMS

[ i Vpﬁ
= 60~ a PP
Eﬁﬂ_
E

Gotsman et al., arXiv:1010.5323, EPJ. C74, 1553 (2011) o)
Kaidalov et al., arXiv:0909.5156, EPJ. C67, 397 (2010)

Ostapchenko, arXiv:1010.1869, PR D83 114018 (2011) -
Khoze et al., EPJ. C60 249 (2009), C71 1617 (2011) 20

i -

Preliminary
Lol | Ll Ll 1

Luminosity - Van der Meer Scans 0 10 102 10° 10*
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Central Diffractive Physics

Central diffraction in proton proton collisions at \/s =7 TeV



Double Gap topology as a filter for Central Diffraction

Central Diffraction CD with single CD with double
Diffractive Diffractive
dissociation dissociation

gap gaps gap

Low mass central diffractive final states decaying into a small number of particles

production of meson states: glueballs, hybrids,

A search for structure in the mass spectra of exclusive decays suchas =n* ©~
KtYK- 2n*2n~ K'K nt nmn™ etc.



Double Gap topology

VZERO-C VZERO-A
-3.7 to -1.7 28to5.1
FMD-C 5PD outer layer FMD-A
-3.4 to-1.7 -1.5to 1.5 1.7to 5.0
SPD inner layer
-2to?2
| | | | | | | | ] |
I | | | | | | | | |
-4 3 -1 0 1 3 4 5
1.8 gap
- 1IIL 444
central
2.8 gap gap C activity gap A 4.2 gap
'3.?":rl":‘ﬂ.g —D.Q‘-ﬂin'ﬁﬂ.g D.g*:n":S.l

_. Number of Double Gap events

Npg =

Number of VZERO-L =R coincidence

Potential measure of the amount of
Central Diffractive events in Minimum Bias data



Double Gap fraction in proton proton +/s =7 TeV

a - .
(] - not corrected for detector pp, ¥s=7TeV
O o001+ acceptance and efficiency
m —
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o I ] il f several data
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- i . e
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L 06/09/2012 J.r|=2.3 -4111:4.2
_I b v b b v v |.|ﬂ-|gll |u|-gl L1 |r|I AN B A 1[:'3
116 118 120 122 124 126 128 130 132
systematic error estimated from the spread of the Run Number

period means, doesn't include detector effects

Npg

— (7.63+0.02(star.) £0.95(syst.)) - 10~
NMBand

we are exploring the invariant mass distribution



2011 data
361 M events with the Minimum Bias Trigger

32.3 M events with primary vertex and exactly 2 tracks in the TPC+ITS
29.2 M events with no gaps

Exclusive resonance production in proton proton at 7 TeV cms
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M(=x) [GeVie?) M(==) [GeVic?)
M;,, for two track events M., for two track events

with-out gaps. with gaps on both sides



Recorded triggers, 10°

Integrated luminosity, pb

Data Taking 2015
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W
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2.5

5 MB triggers: L = 0.010 pb”

— ALICE Performance, pp Vs = 13 TeV
- INT7 triggers: 594M

- VO HM triggers: 106M
- SPD HM triggers: 93M

- DCAL triggers: 347M

-~ B=0.2T

L

T AT g e |
03Jun 03 Jul 02Aug 01Sep 010Oct 310c

— ALICE Performance, pp Vs = 13 TeV
= Dimuon triggers: L = 3.437 pb™

F VO HM triggers: L =1.424 pb
L SPD HM triggers: L = 0.161 pb™

N P L
03Jun 03 Jul 02 Aug 01 Sep 010ct 310Oc

 |solated bunches:

diffractive data taking with global OR
triggers: (VO | AD | ZzDC |SPD).
Planned 100M, Collected 165 M

* 50ns ramp-up: muon data taking.

» 25ns ramp-up: minimum bias data taking
at low y. Muon data taking in parallel.
Collected up to now 587M, Planned 600M

* 90m run:

diffractive data taking ~250 nb-1 of
integrated lumi with ~30 nb-1 double gap
diffractive triggers (preliminary
estimations)

now: taking data at 5 Hz/mb with rates up to
300 kHz with rare triggers.

Target 2015 statistics:

— 4pb-1 muon triggers

— 2pb-1 high multiplicity triggers



Studies in Ultra Peripheral Colisions



Ultra-peripheral heavy-ion collisions

Two ions (or protons) pass by
each other with impact
parameters b > 2R

Only Electromagnetic interactions
are possible

excluswe partlcle productlon in
heavy-ion collisions dominated
by electromagnetic interactions.




two muons in the muon arm

one muon in the muon arm one in the barrel

two muons in the barrel
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In agreement with models that include moderate gluon shadowing:
AB EPSO09 parametrization



A LICE D ifiracilve
Datactor
for Run 2




EMCAL L3 magnet

ZDC Dipole magnet

Beam shielding

Muon filter

3 eall

the 19th system of ALICE



Date: Wed, 1 Jul 2009 11:29:53 +0200

From: Jurgen Schukraft <Jurgen.Schukraft@cern.ch>
To: Gerardo Herrera Corral <gerardo.herrera@cern.ch>
Subject: chat

Gerardo,
where can i find you today for a short chat (on a new 'VOD' detector )
?7?

Jurgen Schukraft CERN/Div. EP CH-1211 Geneva 23
Tel: +41-22-767-5955/ ... 5857 (secr)
Fax: +41-22-767-9480



A new sub-system for diffractive physics, bringing the total number
of sub-detectors which make up ALICE to 19

ADA
Scintillator

/ WLS







Final position
A side

ADA/ADC layer positions

Station Inner radius (cm) | n_,;, Niisic Z (cm)
ADC layer 0 3.7 -6.96 -4.92 “1955.75
ADC layer 1 3.7 -6.96 -4.92 -1953.05
ADA layer 2 6.2 +4.77 | +6.30 +1693.65
ADA layer 3 6.2 +4.77 | +6.30 +1696.35




Run 2: Diffraction (SD and DD)

ADA and ADC counters increase the pseudorapidity coverage from 8.8 to 13.2

{at -19.5 m), (at 17.0 m)
S
Q@
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Integration of AD-L and AD-R in ALICE would enhance considerably the
efficiency at low diffractive mass.

> 1.2 T T L] T T LI B ] I T T T T T T T
Q ™ ALICE Simulation ]
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Integration of AD-L and AD-R in ALICE would enhance considerably the
efficiency at low diffractive mass.

I\

trigger efficiency
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PHOJET 7 TeV

trigger Efficiency Efficiency Purity (%)
Pure-events (%) Minimum-Bias (%)
VZERO, SPD & FMD _ SD-La 13.14 1.26 71.44
VZERO, SPD & FMD+2 stations sD-L, 27.66 2.25 84.33
SD-L; 31.15 2.45 87.48
SD-Hqy 19.68 1.98 68.45
SD-R, 30.92 2.55 83.17
SD-Rs 3347 2.66 86.57
DDyq 4.69 0.45 51.57
DD, 13.60 0.99 68.37
DD, 16.35 1.14 T1.37
CDyg 3.28 0.11 55.55
CD, 3.11 0.06 07.29
CDy 3.10 0.06 08.73

PYTHIAG 7 TeV

trigger Efficiency Efficiency Purity (%)
Pure-events(%) Minimum-Bias (%)
SD-Lg 11.30 1.80 50.05
SD-1L, 26.38 3.23 7T8.18
SD-1L- 31.54 3.56 84.84
SD-R, 16.73 2.96 54.08
SD-R, 20.05 3.76 74.01
SD-R; 32.93 3.85 81.84
DDy 5.31 1.00 64.96
DIy, 16.80 2.63 78.43

DD, 21.93 3.28 82.15




PYTHIAG 7 TeV

trigger Efficiency Efficiency Purity (%)
Pure-events(%) Minimum-Bias(%)

1-Arm-Lj 23.61 3.87 58.36 VZERO, SPD & FMD

1-Arm L 38.60 177 7742 VZERO, SPD & FMD+2 stations
1-Arm-Lg 41.25 4.71 83.84

1-Arm-Ry 30.23 5.79 49.93

1-Arm-R, 40.96 5.49 71.37

1-Arm-R, 42.79 5.17 79.14

PHOJET 7TeV

trigger Efficiency Efficiency Purity (%)
Pure-events(%) Minimum-Bias(%)
1-Arm-Lg 27.01 2.87 64.67
1-Arm-14 41.38 3.67 T7.37
1-Arm-Lo 44.85 3.82 80.59
1-Arm- Ry 35.10 3.97 60.73
1-Arm-R; 46.00 4.19 75.49
I-Arm-Ra 48.53 4.21 79.17

et

As defined in the recent paper: arXiv:1208.4968 accepted in Eur. Phys. J. C
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Run: 223327
LHC fill: 3746

Timestamp: 2015-05-21 09:30:17 (UTC)
e



Diffractlve Pnysics
rliggs



Higgs Production at the LHC
Run 1: 7-8 TeV pp Collisions; 13 TeV at Run2

W/z g t

g q q q H g 7
gg fusion gg= H | VB fusion (VBF) |Assoc Prod: WH, ZH| Assoc. Prod: t-tbar H

f
10°€ 3
T \s=8TeV ¢
3 10g : EE
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Q : i
a
° 1 E
10
102
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M, [GeV]

NNLO+ QCD + NLO Elwk



Central Exclusive Production: Higgs

P — P S p
—3
H “+ cc:” - H
/
—3
P éﬁ P p
Pp — g9 —> H +X pp —>p+H+p

Extra screening gluon conserves color, keeps proton intact (and reduces your o)

x-section predicted
with uncertainty

of 3 or more

(KMR group,

Cudell et al.
Pasechnik, Szczurek)

A

P 2 ] detected in forward detectors
gap P 2) Rapidity gaps between leading protons
and Higgs decay products

/

b,W,T This process was the core of the physics
case

of Forward Detector in ATLAS & CMS
gap

.1 1) Protons remain intact and can be

b,W,T



Proton
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mH=125.0910.21+0.11 GeV

0.19 % Uncertainty cwhat to know about

the Higgs?

B(H—>Invisible)<0.58(0.44) at 95% CL
B(H->ZZ->4v)=10-3

|nVi7s.ib|e -&Mir;\éﬁ 2. Width - I'h< 22 MeV at 95% CL

S igaTRY,La51R' ; Lifetime en ZZ
decays JEMNTOINTIY

I ' :
N0
BSM(H->mumu) = 2.2x10-4 21200
D, nnl
>1000- =
B(<0.0016, 95% CL & - | ‘
R H<1.9x10-135 95% CL
-g,GOOt 197fb (8TeV)+ 511b 7TeV
.- L E\'ﬁ T T 171
2 400 ~ |cms
200~ o 1F t
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Diffractive Higgs production in pp and AA collisions

» 1991: Bialas and Landshoff PLB 256 (1991) 540

» Regge Theory — non-perturbative gluons

» 1997: Khoze, Martin and Ryskin PLB 401 (1997) 330
2007: Levin and Miller arXiv:0801.3593[hep-ph]

» QCD Pomeron — hard-gluon exchange

p p p,A p, A
IP
H H
P
p p p,A p, A

My = 150 GeV { aL 01 o My = 120 GeV KMR : 0&</i"¢ 3 b /300 fb
N F— §
Vs =16 TeV " P Vs=14 /88 (55) TeV/A| LM : 0 s = 0.1 pb (3.9 pb)



The ~vp process is a subprocess in Ultraperipheral collisions.

i




ALICE

osvond tne rllggs



colliding heavy iones




String theory

Substructure

Extradimensions
Vacum
Duality



Maldacena Duality

‘e

Anti-De Sitter



Big Plasma de Protones Nucleos  Atomos Formacion  Elementos HOY
Bang Quarksy neutrones ligeros neutros de estrellas pesados
Gluones

5.5 °C 1000 °C 3000 °C -255 °C -268 °C -270 °C
billones millones



Big Plasma de
Bang Quarksy
Gluones

W v a% .
B ‘-,..' a Vs ", .\‘- ' .
5.5 °C NN T S TN SR
. P, T Bt S 2 N WD
: LT LN IS Sea Sy
- . -~ o . ~.., '~°'. . EN
illones 8 5 R AL RS 3
» 3 % A% s
. W . SOTEE Y S
o/t -:-.’n'.“ 3 P
.t - o o

A hydrodynamic
simulation of QGP
evolution

LIQUIDO

GAS

t=0.5fm/c




- Ultracold Helium Water Quarks — Gluon
- atoms plasma
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The liquid may be described by a string theory: AdS/CFT

5 dimension string
hyperspace s’

U4
‘~ Black hole



... the quark propagate through the plasma according to the
movement of a string in a 5 dimensinal anti-de-Sitter space




Talk given at Quark Matter 2011, 22-28
May 2011, Annecy, France

High Energy Physics -
Phenomenology (hep-ph)

[hep-ph]
PbPb 2.76 ATeV., 0-5% centrality
1 T I T ] T T l T I T
- | ® ALICE data i
0.8l |— ASW -
' — YaJEM | Models we tested
- | YaJEM-D 1 (ASW, AdS and
06k |~ elaSt?“’ large P | YaJEM-D) remain
< Clastic, Mgl £ o) viable with the data,
| although in each case
0.4 only in combination
i with a particular
hydrodynamical
0.2 -
evolution model.
O 1 | ] | ] | ] | ] | 1
0 10 20 30 40 50 60


http://arxiv.org/abs/1106.2392

Diferent opinions about the question on how string theory
and heavy ion collisions are related, - if they are actualy related -

... does not matter it is the area of closer approach
between string theory and experimental physics today

Steven S. Gubser



ALICE upgrade




Conclusions
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A+B—->C+X

6(AB —CX) = C,, [ dx,dxdzf,,(x,) fys (X, )6(ab—cX)D,  (2)
ab

propanitiiaa e encontrar un parton en con fraccion de
(X babilidad d 5n EJ fraccion d
a a

momento

6'(ab — CX) seccion eficaz de las reaccion de partones

D C (Z) probabilidad de encontrar al parton en el hadron con
C fraccion del momento del parton

A o c f—-c

xb
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http://durpdg.dur.ac.uk/var/tmp/pdfplot212756/plotpaw.ps
http://durpdg.dur.ac.uk/var/tmp/pdfplot212756/plotpaw.ps

graficas que contribuyen a mas bajo orden
. ﬂﬂin A he—— .

3
ejemplo de gréaficas que contribuyen a orden

<
<l

6 (ab — cX)



[)(3
Funcion de fragmentacion de Peterson C (Z)

N
DH/C(Z) — — 1 —2
E
7|1-— -
-z 1-7

£ =0.143

ZjdzD('; (z2)=1 m, .. =1.8694GeV
Mo 50 =1.8646GeV

C. Peterson, et al., Phys. Rev.D, 27:105, 1993
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... and yet factorization breaks !!

Fragmentation

¢, Higer order QCD?

Non perturbative effects ...
¢, Recombination ?
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all known techniques for

particle identification:

ALICE
PERFORMANCE
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Pb-Pb \s,,,=2.76 TeV
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all known techniques for 09<m <09
particle identification:

Transition Radiation Detector

for e PID, p>1 GeV/c for e and high Large (800 m?), high
p; trigger, p>3 GeV/c granularity (> 1M ch.)

fiber

radiator

to induce mthode  cathode pion | clestron
TR Ao i :\Li}:“amplﬂlcaﬂon

(RN o
e NVt A ar saghe | suege s YT
wires vk L) W W o’ Ny
> ¢ =y ' Y Y b
P ¢y oy oy oy o
b
/N ey AR ALY AN PALXN
3 PRy PR ' ) \ "y
- ! (R |
' R ' 3]
' '

¢ | region
1111011111811 1110
:@“ 2_\| T T T T[T 35: ’ii
< 18_—l' R electron oy :f P
> ' : clusters 4= by :
e 1 o ! RS SO
S 1of L N TRD Hiren St
8 C - ALICE ] i I ! T oo oo
o 14__1.: ) PERFORMANCE ] lectrondrift | k| LPERISRALEE hrLIE | sk
= F p 10/03/2012 ECCRION ORI vy oy reglon
C - ToV ] direction AN
: 10 - pp 1s=7Te -
o ISl 09090900 I RN TR T R R
% - ] i ot et gty gty
Xe/CC} el CEER NS AR A R A A R A R
2 08 g ‘ D e AERG R
SRR LA T : RHER R
0.6 B iy i L e T
0.4 =0 -] °°z —_—
0.2 E § radiator stack

" (100 polypropylene foils) “

:
i

/

05 1 15 2 25 3 35 4 45 5
p (GeV/c)




7 modules, each
~1.5x1.5m?

all known techniques for

particle identification:

High Momentum Particle
ldentification
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Graduados a febrero 2015: 699 de los cuales

Maestria: 435 (57mujeres) Doctorado: 264 (37mujeres)

- Dr. Bernardo Joseé Luis Arauz Lara (1986)

- Dr. Gabino Torres Vega (1987)

- Dr. Alejandro Vizcarra Rendon (1990)

- Dr. Roberto Enrique Martinez (1991)

- Dr. Héctor Hugo Garcia Compean (1995)

- Dr. José Herman Mufioz (1998)

- Dr. Juan Eloy Ayon Beato (2001)

- Dr. Luis Arturo Urefia Lopez (2002)

- Dr. Alfredo Lopez Ortega (2006)

- Dra. Mercedes Paulina Velazquez Quesada (2012)



