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Mopenb QGS / Kaitganos n Tep-MapTtupocaH, 1982 r/ —ocHoBaHa Ha 1/N,
pa3noxkeHmn B QCD u ncnonb3yet peaXeoHHoe onrucaHne obmeHa NOMePOHOM
— PEeHOMEHONOTMYECKMM 0OBEKTOM, NPEACTaBAAOWMM dNEMEHTAPHOE
B3anmogencrtane. OCHOBHaA naea Moaenm — MArkoe agpoHHoe
B3aMMoAenNcTBne MoXKeT bBbiTb ONMCAaHO AMarpammamm LUAUHAPUYECKOTO
TMna.(npu E >100 MB)

[MapameTpbl NTOMEPOHA HaxoaAaT, PUTUPYA SKCNEPUMEHTAbHbIE AaHHbIE.
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B npeactasneHnn npmuyenbHOro napameTpa obmeH NnoMepoHOM ONUCbIBAETCA
aMnNAnNTYO0M:

roe

ab ab

faE(S,B): i%exp(Ay—gj = i;(apb(S,B)

—

b — npuuenbHbIi NnapameTp,

S — KBagpaT NO/IHOM 3HEepPrum B cUCTEME LLeHTPa Macc,
y=InS

A=a,(0)-1, a,(0)— wnHTepcenr,
Ay = R: T Rt? +a;o(0)
a,(0) u a,(0)— napameTpbl NOMepPOHHOM TpaeKTOPUM,

pan (S,b) — NMOMEPOHHbIV 31KOHan,

2 J
Yap) n Ryp onucbiBaloT BEPLUMHY B3aMMOAENCTBUSA NOMEPOH-aApOH.
Onpeaenexvie napameTpos — no duty o (S) u B(S)‘tzo

A no paHHbIm ISR coctasnaet ~0.07. Mo pesynbtatam SPS A ysennuymsaetca

00 0.12 — 0.14 (c nsmeHeHnem Apyrux NapameTpos).



C poCTOM QHeprnmn pacTéT posib NOMYXXECTKNX NpoLLeccoB
dutnpoBaHne o Tpebyer A=0.12-0.14

do
Ho—| (S) Tpebyer A=0.20-0.25
y=0
[apToHHasa 3BONIOLMSA BO B3aMMOOENCTBYIOLLMX afpOHaX MOXET BbITb
pasgerieHa Ha [Be 4YacTu: MATKUIA Kackag, XapakTepuayoLmMincs ManbiMu
2 2 - 2 2 o
nepenavamu umnynbca Q° < Qg | nxxectkuit kackag Q° > Qy, KoTopbIit

OMNnncbIBaTb nepTyp6aT|/|BHo. YKecTKkum akoHan MoOXeT ObITb cBedeH K
BblPpa>XEeHUHO.

Z;Srd (3,6) = rzjdyldyZZapb (eyl+y2 'B)Jhard (ey_yl_yz 'Qo)
rae Y, ,, —ObICTPOThI, COOTBETCTBYIOLLUME KOHLLAM NMOMEPOHOB, Thard ~
ceyeHne XeCTKOro NapTOHHOro B3aMMOOENCTBUS, ¥, — OBbIYHbIA MSArKAN
ankoHan (1) n sennyuHa r’— JuUTMpyemMbi napamMmeTp, CBA3AHHLIN C

NNOTHOCTbIO NAPTOHOB. YYeT XKeCTKMX NpoueccoB obecnevnsaeT
OOMOSTHUTENbHbLIN POCT CEYEHNIN N MHKMO3UBHBLIX CMEKTPOB YacTul
B LIeHTpanbHOW obnacTu.



CeveHus pPa3iinyHbIX rpoueccoB MOXHO NOJTyYHUTb,

BBOAMA

_ p hard
Xab => Zab + Zab

Hanpumep,

6= a5 {1-ew-Co[ 24(56)+ 23" (5.5) )|

C,,— KO3(PEPULMEHT NNBHEBOIO YCUNEHUSI.



B3aumopencreue agpo-agpo

[[naybepoBckun nogxod. NomepoHHOE onncaHne amnnnuTyabl HYKNOH-
HYKNOHHOro paccesaHusi. Metog Npnbosa y4€Ta HEYNpyroro aKpaHMPOBaHUA U

npoueccoB andp. auccounaumn. HoBbix NnapamMeTpoB HEe BO3HUKAET, UCKITOYas
onucaHue pacnpeneneHust HyknoHoB B s pe.
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MoHTe-Kapnosckun reHepatop QGSJET BknrovaeT

B3anmogencrtemsa agpoHOB C pasfindyHbIMU MULLIEHAMM OT NPOTOHA 40 XKefesa
Baaunmogencrteuma saapo-aapo (oo Fe-Fe), Bknovas pparmeHTauuio
CNeKTaTopHOW YacTu sapa.

QGSJET BxoguT B cocTtaB nporpammHbix komnriekcoB CORSIKA n AIRES

\/g o, (mb) N,

(GeV) aKcn Teop 3Kcn Teop
53 35.3x0.4 35.7 12.5+0.2 14.2
546 48.4+1.0 49.7 30.4+0.3 30.5
1800 60.3+2.4 60.7 36.6+0.9 36.9

prod
o, Npn 200 GeV/nucleon, mb
A+B 27+16 27+32 64+32
Teop 1455 1880 2643
aKcn 1460+£240 1740+£120 2640+£190




average multiplicity

MHOXXeCTBEHHOCTb BTOPUYHbIX YacTuLy
(BCe 3apsiKeHHbIE, MMOHBI, KAOHbI, aHTUMPOTOHbI)
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average multiplicity (n)

30

25

20

ete-at 14 GeV - C

dn/dy

ete-— C neXus 2.0

yield— 8.70 (8.940.3)

yield=9.47 (8.9+0.3)

neXus 2.0
pbreak:0‘4

Porea=0-21

‘ , . 0
10 10 ) 0 1 2
energy (GeV)

rapidity y

CpeHsaAst MHOXXEeCTBEHHOCTb 1 pacnpeaeneHune no

MHO>XECTBEHHOCTU 3apAXXEHHbIX YaCTuLl
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Wlth LHC we are enterin gza“New Era | n




Why everything is so com

f nature

‘We are trying to solve some of the main puzzies of n

« What is the origin of mass: Higgs Scalar Field?

« What is the dark matter that keeps together the clusters of galaxies:
Gas of Heavy Neutralinos?

« What is the origin of the large asymmetry between matter and anti-
matter in the Universe: New Generation of Quarks? Large CP
violating effects?

« What was the state of matter in the very first instants after the Big-
Bang: Quark Gluon Plasma?

« Why gravity is so weak: Extradimensions?

‘The answer to some of these questions is probably hidden in
the so far un-explored multi-TeV region made accessible by LHC
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Dark Matter
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Particle .

jet

Proton-Proton
Protons/bunch
Beam energy
Luminosity

Crossing rate

Collisions

1404 x1404 bunches
1.25x10M

3.5 TeV
2.1x1033cm-2s1

80MHz

107-108 Hz
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LHC pp operations III
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Comparison of hadronic interaction models

with LHC data

#1169
Pierog

LHC p-p cross section: change in Xmax
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Estimation of the proton-air cross section with

Cross section (proton-air) [mbl
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Comparison of hadronic interaction models N
71 = —In [tan —)]

with LHC data
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EPOSJETII=(EPOS 1.99+QGSJETII-03)/2 is NOT a new model !



Minimum bias and ",
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Comparison of hadronic interaction models o

with LHC data Pierog
Multiplicity and Lambda distributions |
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@ Data well bracketed by EPOS 1.99 and QGSJETII-03

-# Both models are needed !



Comparison of hadronic interaction models

#1169
with LHC data Pierog
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@ Fitting of LHCf data — effect on air shower development under investigation



Basic Idea
Compress large amount of energy in a very | .'

small volume
- produce a “fireball” of hot matter: |
temperature O(1072 K) 14m

— ~10° x T at centre of Sun
— ~ T of universe @ ~ 10 us after Big Bang

14 fm

* how does matter behave under such extreme

conditions? ‘.QG'P
—>study the fireball properties '
—->QCD predicts state of deconfined quarks E

and gluons (Quark-Gluon Plasma)
—>Look at the new state of matter in full detail “f:;f
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Charged Particle Multiplicity

most central collisions: ~ 1600 charged particles per'uni of n
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Vs =2.76 TeV Pb+Pb, 0-5% central, |n|<0.5
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log extrapolation fails (finally!)

2.2 x central Au+Au
(Vs =0.2 TeV)

1.9 x pp (NSD)
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Jet-quenching m

Centrality 0-10%
ATLAS Preliminary

Po+PD \Sy, = 276 T

- Centrality 30-40% 1

Centrality 10-20% §

E;,>100GeV §
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Centrality 20-30% |
CJHIUING+PYTHIAS
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0 p+p Dala

R [ s
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PR
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Indirect evidence of strong
jet quenching measured at
RHIC in single particle

spectra and particle

correlations.

TS

CMS Experiment at LHC, CERN
Jx | Dt recorded

Jetl, p,: 70.0 GeV/c

First direct evidence of strong jet
quenching observed in LHC HI
collisions by ATLAS and CMS.

Sun Nov 14 1931:30 2010 CEST
Run/Event 51076 1 13285
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EF in Minimum Bias Events

* HERWIG
® Vs dependent tunes work
* PYTHIA
@ large spread between tunes
@ even LHC tunes do not work
well
@ Cosmic Ray generators
@ work pretty well w/o extra
tuning !

EF in Di-Jet Events p,> 20 GeV

* HERWIG
® Vs dependent tunes work
* PYTHIA

@ tunes cover data
® Cosmic Ray MCs
@ describe data

CMS-PAS-FWD-10-11
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Excellent mass resolution
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and signal/background G 9F 1 Background ATLAS Preliminary -
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SM nggs exclusion I|:;;

& _' ATLAS Preliminary il o% | CMSPreliminary, s =7TeV [ CLS Obser CMS PAS-HIG-11-011
© ] <, Combined, L =1.1fo" B CL, Expected = 1o
g - — Observed CLs . g’) ik e d CL, Expected= 20 ||
_E 10 o Expected J. Ldt=1.0-1.2 fb . _E E -------- Bayesian Observed {
£ " " Bl \s=7TeV £ -
_ []+2c J
O
2
To]
(o]
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200 300 400 500 600 ————
100 200 300 400 500 600
iy [cieV] Higgs boson mass (GeV/c?)
ATLAS Observed exclusion: 155-190 GeV CMS Observed exclusion: 149-206 GeV
+ 295-450 GeV + 300-440 GeV

In the low mass part (114-149 GeV) we see a couple of interesting regions
showing excesses larger than 3c (local significance without correction for LEE
effects). Further study with the new data we are collecting will hopefully tell us if
we are seing a background fluctuation or a first sign of the Higgs boson.
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conclusion Il

« LHC operations are proceeding very well.

* Plenty of new physics results are being produced by all LHC experiments.
* Unfortunately no evidence for physics beyond the Standard Model so far.

* New exclusion limits for the SM Higgs have been recently produced by
ATLAS and CMS. Intriguinguing excess in data is present in the low mass
region. With the data we will collect in the next few months we hope we’ll be

able to distinguish between the possible interpretations: the production of a
Higgs boson or a statistical fluctuation of the background.
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