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Introduction

Low-z QCD with CMS at the LHC
m detector capabilities
m p+p collisions
m Pb+Pb collisions

Summary
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Introduction

m Probing parton distribution with DIS:
< x: momentum fraction carried by parton electron
— Q? = —¢*: resolving power

proton
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Introduction

Probing parton distribution with DIS:
< x: momentum fraction carried by parton
— Q? = —¢*: resolving power

= QPM
B static object composed of 3 valence quarks

B no interaction between constituents

m QCD improved QPM

B dynamic object with a very complicated structure

B contains fluctuations smaller than its own size

m CGC

large lifetime of soft gluons
probe becomes more and more crowded

partons start overlapping and they bi

non-linear evolution
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Introduction

Probing parton distribution with DIS:

< x: momentum fraction carried by parton

— Q* = —¢”: resolving power

= QPM

F, -lngm(x)

em,

B static object composed of 3 valence quarks

B no interaction between constituents

QCD improved QPM

B dynamic object with a very complicated structure

B contains fluctuations smaller than its own size

m CGC

large lifetime of soft gluons

partons start overl

probe becomes more and more crowded
ing and they

non-linear evolution

m HERA results:

m Fo strong rise at low-xz ~ sea quarks

d1n Fo

- d1n Q2

~ gluons
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Introduction

Probing parton distribution with DIS:
< x: momentum fraction carried by parton

— Q? = —¢*: resolving power
HI1+ZEUS
x QPM ‘ ‘ ‘ \
o0
B static object composed of 3 valence quarks ®ooa0f Q*=20 GeV? ZEUS-JETS Fit B
B no interaction between constituents [ total uncert.
. H1 PDF 2000
m QCD improved QPM N Q'=200GeV’ I exp. uncert.
B dynamic object with a very complicated structure [ [ total uncert. 1
B contains fluctuations smaller than its own size
u CGC 100 [hep-ph/051119]|
B large lifetime of soft gluons
B probe becomes more and more crowded
B partons start overlapping and they bi
B non-linear evolution st g
Q*=5GeV
m HERA results: ol ‘ ‘
. 10 10° 10? 10 1
m F2 strong rise at low-z ~ sea quarks X
d1n Fo
" omar ™ gluons
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Introduction

Parton (z, Q?) evolution

m increasing Q% (Q? > Q2): DGLAP = evolution towards the dilute system

Magdalena.Malek@cern.ch (UIC/CERN)

decreasing = (Q* < Q2): BFKL = evolution towards the high density system

linear evolution equation doesn’t work at low-z:

m non-linear g+g fusion
m unitarity violation

Saturation criterion

xG(z,QZ)
7TR2

recombination cross-section ogg—.g ~ %

recombination if pogg—s > 1 (Q* < Q?)

as2G(xz,Q2)
TR2

number of partons per unit area p ~

saturation scale Q% ~
CGC

effective field theory for high energy limit

gluons overlap for momenta ~ Qs

non-linear JIMWLK evolution equation

Saturation, the CGC and Glasma, BNL

log (x°1)

non perturbative regime

Saturation

@
[<B)
Q)

BK/JIMWLK

%
%0 Dilute system
D
— o 0
DGLAP %

BFKL

Aqcp log (Q?)
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Introduction

m low-z = forward rapidity “g: F  CTEQBAM
X
i pr oy I g Nlnsrmm_c:
= Q?=10 GeV
\/g 10
r diffract. JJPY -
pTT‘\‘\“._A | LHCGA) HERA RHIE\(VA)
12 ;o 1 L
X812 /’/ X842 dF, /dInQ?
/’ HERA
» 1
every 2 units of y: 5" decreases by ~10 ; (di)jets
LHC Tevatron
m Processes: | CERN-Spp$S
m Drell-Yan: p(p1)+p(p2)—>.ll+x prompt vy, Drell-Yan RHIC
= prompt-y: p(p1)+p(p2)—jet+y+X 107 P
m di(jets): p(p1)+p(p2)—jet1+jeta+X I
= heavy Q: p(p1)+p(p2)—>Q+Q+X ol vl vl vl il
m diffractive QQ (vp, 7A) 10° 10* 10° 102 10" N
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Introduction

m most of our current knowledge comes
from F5 scaling violation:

N;.: 7 m
P (z, Q%) 2 2 e s
— 5. X« Q rg(x <% ] CDF/DO Inclusive jets 1<0.7
a ln(Q2 ) ° ( ) ( ’ ) O DO Inclusive jets n<3 !

Fixed Target

CCFR,NMC, BCDMS,

m large uncertainties for z < 1072 at
moderate Q* (<5 GeV?)

E665, SLAC

m LHC: p+p at 14 TeV

m high /s = very small =
for y <5, M<10 GeV: x ~10—6-10—7
(70 times lower than p+p at RHIC)

m saturation momentum Qs ~2 GeV 10

m very large perturbative cross section
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Introduction

m most of our current knowledge comes
from F5 scaling violation:

OF(z, Q> '
o’ xax(@)eo(e.Q) 4 e

m large uncertainties for z < 1072 at
moderate Q* (<5 GeV?)

o 9(%,Q}) Va(x.Q%)

m LHC: p+p at 14 TeV
m high /s = very small =
for y <5, M<10 GeV: x ~1076-10—7
(70 times lower than p+p at RHIC)

m saturation momentum Qs ~2 GeV

m very large perturbative cross section
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Introduction

current data from nuclear F> and nuclear
Drell-Yan (eA)

DGLAP analysis: linear evolution + nuclear
shadowing

<~ [ LHC RHIC
m shadowing: low-z gluon fusion E’o,s
m shadowing factor for PDFs: a7
RA 2\ ng(l‘yQZ) g
g ((Z:, Q ) T F(.Q%) < Sarcevic
07
most data in non perturbative range franiturt /|
(Q? <1-2 GeV?): large uncertainties osh , /
nuclear 2G(x, Q?) unknown for z <1072 / new HUING
03

LHC: Pb+Pb at 5.5 & p+Pb at 8.8 TeV:
m x 30-45 times lower than Au+Au, d+Au at
RHIC
m saturation momentum Qs ~3 GeV
m very large perturbative cross section
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[J.Phys.G32:R367 (2006)]



Introduction

Low-z nuclear PDF

m current data from nuclear F> and nuclear
Drell-Yan (eA)

m DGLAP analysis: linear evolution + nuclear
shadowing

&; Nuclear DIS & DY data:
£ 10° RHIC data (forw.x)  ®NMC (DIS)
> - SLAC-E139 (DIS)
m shadowing: low-z gluon fusion A
o o
m shadowing factor for PDFs: < IS *FNAL-E772 (DY)

A 2
A oy _ fg (@,Q7) 10°°
Rg (QO )* 7 (2,Q2)

BRAHMS 1 (0=82)  Enal Eegs (DIS)
10* PHENIX h* (1=1.8) A EMC (DIS)

102~
m most data in non perturbative range 10—
(Q? <1-2 GeV?): large uncertainties N ainieni oo
non-perturbative A i
=N A
m nuclear zG(x, Q) unknown for z <1072 107 A
1027 5 5 4 3 2 1
10° 10° 10* 10° 102 107 1
m LHC: Pb+Pb at 5.5 & p+Pb at 8.8 TeV: ) x
J.Phys.G G30 (2004) S767
m x 30-45 times lower than Au+Au, d+Au at PRy ( ) !
RHIC

m saturation momentum Qs ~3 GeV
m very large perturbative cross section
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Introduction

Low-z nuclear PDF

m current data from nuclear F> and nuclear
Drell-Yan (eA)

m DGLAP analysis: linear evolution + nuclear 10° -
shadowmg g\ i X; 2= (MHs)e® /
m shadowing: low-z gluon fusion (3 f |
m shadowing factor for PDFs: % 10° - M= 1Tey fooiomo

R (2,Q?) = 22520 - S

g9 fq(@,Q?) N/

104 M = 100Gey A -+
m most data in non perturbative range L '
(Q* <1-2 GeV?): large uncertainties .

2 A

m nuclear G (x, Q?) unknown for z <10~

1004

m LHC: Pb+Pb at 5.5 & p+Pb at 8.8 TeV:
m x 30-45 times lower than Au+Au, d+Au at
RHIC
m saturation momentum Qs ~3 GeV
m very large perturbative cross section
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Low-z QCD with CMS at the LHC

CMS: dedicated to explore physics at the TeV scale

m prime goals: mechanism of electroweak symmetry breaking and provide evidence of
physics beyond SM

m also SM measurements : QCD, B-physics, diffraction, top quark, and electroweak
physics topics such as the W and Z boson

m Detector:
m inner tracking system ~ 2000 members
(In] <2.5) 15 x 15 x 21 m3

183 institutes

m calorimeters
(electromagnetic: |n| <3,
hadronic: |n| <5)

38 countries

m muon system (|n| <2.4)
m few forwards detectors

(CASTOR: -6.6< 1 <-5.2
and ZDC: |n| >8.3)

‘ Ideally suited to study low-z physics
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Low-z QCD with CMS at the LHC detector capabilities

Going forward: detectors

Hadronic Forward (HF) o —— —— Hadronic Forward (HF)
-5.2<n<-2.9 i ——— 5.2>1>29

A4

auy - B
9—ea == _— m

ZDC CASTOR
n<-8.4 -6.6 <1 <-5.2 — n>8.4
N —
= HF = CASTOR =/DC
m rapidity coverage: m rapidity coverage: . rapldltg Zoverage:
2.9 <|nl < 5.2 -6.6 <n < -52 [n| > 8. .
m at 11.2 m from IP m at 14.3 m from IP m at 140 m from IP
m steel absorbers and m alternate tungsten m tungsten/quartz

embedded radiation
-hard quartz fibers
for fast collection of
Cherenkov light

m segmentation in 7 et
¢: 0.175 x 0.175

Magdalena.Malek@cern.ch (UIC/CERN)

absorbers and quartz
plates

segmentation in ¢:
16 sectors

14 modules
(2EM+12HAD)

Saturation, the CGC and Glasma, BNL

Cherenkov
calorimeter with
separated EM and
HAD sections

m detection of neutrals

(v, 7% n)

‘ CMS = unprecedented calorimetric coverage in pseudo-rapidity
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Low-z QCD with CMS at the LHC

p+p collisions
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Low-z QCD with CMS at the LHC

p+p

m Low-2 gluon density in the proton is
poorly known (2 = pparton/Pradron)

m Forward jet production in CMS
calorimeters:

m HF: z ~ 10~ *
m CASTOR: z ~ 10~°

m Forward jet cross-sections constrain
low-2 gluon PDFs

do(pp — jet) = PDF(x1, Q%) ® PDF(x2, Q%) ® do(qg — jet)

jet

10" Lol Ll

u-quark (G? = 10 GeV?)

<1
% 02 gluon (G =10 GeV?)
3 ZEUS-2005
o H1-PDF 2000
=4
n CTEQ6.5M
be} PN | Alekhin02-NLO
X MRST-NLO 2001
[¢]
g 10

MRST2001-NLO

10° 10° 10* 10°
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Low-z QCD with CMS at the LHC p+p collisions

: forward jets

m Low-2 gluon density in the proton is
poorly known (& = pparton/Phadron)

x10°
m Forward jet production in CMS § Genlet: p+p->jet et \s=14 TeV
calorimeters: S | et,,inHF&CASTOR (3.0
m HF: =z ~ 1074 & Iterative cone, R =
4 jets
m CASTOR: z ~ 107° P ‘ ‘
Xy = T
10° - J”\L‘\LV‘ |
m Forward jet cross-sections constrain C
low-z gluon PDFs L
p L
jet r
o b b b b L i
-6 5 4 3 2 - 0
p I°g|0(xl,2)

do(pp — jet) = PDF(x1, Q%) ® PDF(x2, Q%) ® do(qg — jet)
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Low-z QCD with CMS at the LHC p+p collisions

: forward jets

m Low-2 gluon density in the proton is
poorly known (& = pparton/Phadron)

<250
. . . = - Forward jets relative yields:
L Forw_ard jet production in CMS 2 zi [o(CorrCaloJet)/o(fastNLO MRSTO3)]-1
calorimeters: .E_) = [o(CorrCaloJet)/o(fastNLO CTEQ6M)]-1
m HF: = ~ 1074 5 C [ JES uncertainty
. = =15 i
m CASTOR: = ~ 10-° § g [ CTEQ6M PDF uncertainty
3 [
g L
. . . s —+=
m Forward Jet cross-sections constrain © o5F iy —=
S5 e
low-2 gluon PDFs F —
oF e
R .
P -0.5—
£ CMS Preliminary
C L L L L L L L |
1 30 40 50 60 70 80 90 100
P, [GeVic]
p

do(pp — jet) = PDF(x1, Q%) ® PDF(x2, Q%) ® do(qg — jet)
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Low-z QCD with CMS at the LHC

p+p

m Mueller-Navelet dijets with
large 1) separation very sensitive
to low-2 QCD evolution
(testing ground for BFKL)

ki, g1 = In(e1y/s/ki)

m BFKL: extra radiation [

between the 2 jets will smear [ \w‘q;‘@‘\
out back-to-back topology | An = In(a1295/ (kiks))
m enhanced radiation partially | =
compensated by gluon s \ /
saturation ? Wm(zzﬁ/m
h

m Increased azimuthal
decorrelation with increasing
An (w.rt. DGLAP
collinear-factorization)
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Low-z QCD with CMS at the LHC p+p collisions

: Mueller-Navelet dijets

m Mueller-Navelet dijets with
large n separation very sensitive
to low-2 QCD evolution

< E .
(testing ground for BFKL) B, o TIF dijets (3.<in, |<5.)
=0.451
Z [ Mueller-Navelet cuts
o ; 0.4-Generator-level i ~7<=An<8
m BFKL: extra radiation < I
between the 2 jets will smear T0.35 I\ —8<=An<9
out back-to-back topology Il
m enhanced radiation partially 03 || 9<=An<10

compensated by gluon 0.25

o
-
o
T T [ TTT T [ TTT T [ TTTT 77T

m Increased azimuthal

saturation ? |
0.2 ‘,‘L # \‘\H‘
et
+

decorrelation with increasing 0.05 ’ 4
An (Wrt DGLAP i i A \“T"r'ji? ﬁl—\%ﬁ‘
collinear-factorization) 3 -2 -1 0 1 2 A?p

Magdalena.Malek@cern.ch (UIC/CERN) Saturation, the CGC and Glasma, BNL 12/05/2010

12 /27



Low-z QCD with CMS at the LHC p+p collisions

: Mueller-Navelet dijets

m Mueller-Navelet dijets with
large n separation very sensitive
to low-2 QCD evolution

; I
(testing ground for BFKL) oo
1
%o.af
m BFKL: extra radiation Qo7
between the 2 jets will smear V £
out back-to-back topology 0.8
m enhanced radiation partially 05 o jetsjet, +X at V8=14 TeV
compensated by gluon 04 T

saturation ? E Mueller-Navelet dijets: pT>35 GeV
0.3 m PYTHIA (GenJets)

0.2 HERWIG (GendJets)
01— BFKL-NLL
H C L | | L L
m Increased azimuthal 0 2 4 3 3 10 12

decorrelation with increasing dijet An
An (w.r.t. DGLAP

collinear-factorization)

‘ Dedicated HLT trigger !
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Low-z QCD with CMS at the LHC

: First candidate for Mueller-Navelet dijets in 900 GeV data !

Rho Phi
CMS Experiment at the LHC, CERN
Date Recorded:2009-12-12 15:09:21 CEST
Run/Event: 124023 / 15410036
Candidate forward dijet event at 900GeV

30 Lego

E, (GeV)

Jet1:p,=10.7 GeV, n =3.10, ¢ = -2.99
Jet2:p =10.5GeV, 1 =-3.93, ¢ = 0.02
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Low-z QCD with CMS at the LHC p+p collisions

: Forward energy flow: Motivation

m improve the understanding of the parton radiation in the initial state
m study the multiparton interactions

m implemented in Monte Carlo event generators: need parameters to be adjusted to
describe the measurements

m the extrapolation to larger energies is very uncertain

m it probes underlying event in a new way

ﬁ

W3

>
AR ARRN RS AR AL

-

The energy dependance of multiple parton interactions is not well known yet !
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Low-z QCD with CMS at the LHC p+p collisions

: Forward energy flow: Predictions

m comparison of two different tunes: Pythia-D6T (CTEQ6L1) and Pythia-Perugia

(CTEQSL)

m energy flow in central region at low /s does not change much with tunes

m significant difference observed in the large pseudorapidity region (|| > 2)

= =
° —— PYTHIA-D6T °
w ----- PYTHIA-Perugic—hard LHC 9_00 GeV w oVTHA-DET L!"F 900 GeV
e min-bias - - - di-jets
= =
2 2 | PYTHIA-Perugio-hord
g g
< <
= =
1
10
1
4 6 6 -4 2 0 2 4 6

Energy flow in the forward region = has never been measured at a hadron collider ‘
12/05,/2010 15 / 27
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Low-z QCD with CMS at the LHC J-E8-NCI TN

: Forward energy flow: First look on the real data !

m Event selection
® min-bias trigger
m Beam Pick-up Timing for the eXperiments (BPTX): provide the information on the
bunch structure and timing of the incoming beam with the precision better than 0.2 ns

m Beam Scintillator Counters (BSC): provide hit and coincidence rates
m rejection of beam halo events

m rejection of non-IP events: require at least 10 tracks with 25% of the tracks to be high
purity

m at least one primary vertex reconstructed with number of tracks > 3 with |z| < 15 cm
(distance to the CMS IP) and impact parameter dgp < 2 cm

m Energy flow ratio definition

1 AB sy
pveivee _ Nysr An
E flow 1 AE\/@
N\/@ An
where
V51 =236o0r7 TeV
V52 = 0.9 TeV

N /5: number of selected minimum bias events for given energy

AE /;: energy deposited in a region in A for a given energy (integrated over
azimuthal angle)
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Low-z QCD with CMS at the LHC

m results on the detector level, no systematics uncertainties included

§45 — ;4.5

3 F CMS Preliminary 3 - CMS Preliminary

o 4~ MinBias Data: 2.36 TeV/ 0.9 TeV T 4i == MinBias Data: 7 TeV / 0.9 TeV

>0 > -

o Uncorrected Energy > 4 GeV [ Uncorrected Energy > 4 GeV

83_5’_ No Systematics are Included 83_5; No Systematics are Included

Wl w -

g 3 —

o o - -

L, Q4 —_—

S 25" E25

Q L o [ —_—

2 - 2 r

S 2 o 2

= —_— u—

o r —_— o

o115 0 1.5~

T 3

o < Y S N B 0/ i T IR AN B
3 3.5 4 4.5

. 4
m more energy deposited when increasing energy

m more energy deposited in the large 7 region
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Low-z QCD with CMS at the LHC J-E8-NCI TN

: Forward energy flow: Results !

m results on the detector level, no systematics uncertainties included
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= 4.5 —

3 - CMS Preliminary

o 45 —— MinBias Data: 2.36 TeV / 0.9 TeV/
a | — Pythia DBT: 2.36 TeV / 0.9 TeV
6 3_5i Uncorrected Energy > 4 GeV
LICJ C No Systematics are Included
3 3

=

5 F

[o N

=25

o T

e I

S r

= I

o L

o1.5—

21

(0] L

e

-

ml

more energy deposited when increasing energy
more energy deposited in the large 7 region
conclusion on the quality of the description can’t be made without the systematics

uncertainties

12/05,/2010

;4.5 —

3 CMS Preliminary

T 45 —— MinBias Data: 7 TeV/ / 0.9 TeV

S | — Pythia D6T: 7 TeV /0.9 TeV

E 3_5i Uncorrected Energy > 4 GeV

LlCJ r No Systematics are Included

3 3 —

=

5

O L

=25 —

s —

S 2

= F

o

o 1.5~

L2

(] L

0/ i A T R R L
3 3.5 4 4.5 5
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Low-z QCD with CMS at the LHC p+p collisions

: Forward energy flow: Conclusions

CMS is working very well

First results are very encouraging
Input to Monte Carlo simulations

m include the systematics
m can be used for the MC tuning
m can teach us more about small-x evolution and parton radiation

LHC opened a new phase space for small-z physics studies

=
m First measurement of energy flow in the forward region was performed
=
u
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Low-z QCD with CMS at the LHC

Pb-+Pb collisions
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Low-z QCD with CMS at the LHC

Pb+Pb collisions

: total hadron multiplicity

m final hadron rapidity density oc number of initially release partons at a given 7

dN 1

2 2
m X aS(Qg)Qs X wG(xaQs)

CAY/B

m reduced multiplicity predicted by saturation models: gluon recombination reduces
incoming parton flux
m saturation driven predictions for LHC: dN/dn(n=0) ~ 2000 (8000 before RHIC

results)

tm‘

3

B PbPb @ 5.5 TeV dN,/dul _, in Pb+Pb at\[s,=5.5 TeV for N, =350

R Y e CGC - Kharzeev et al.

# INP A747 (2005) 606] Wolschinetal., —iq corr., RDM

> Porteboeut et al. EPOS
‘ Kharzeev et al. —— saturation

103k i o venuse.2 Jeon etal. . data driven, limiting frag|
H Fujll etal. - 1cBK evolution
o SHAKER Eskola et al. . corr., EKS98+geom. sat.
; Eletal. ——— corr., BAMPS
H Dias de Deus et al. . percolation
{8 HUINGT.! o Chenetal. corr., gluon shad.
; Capella et al. . DPM+Gribov shad.
102 o DPMJET-II AA Busza PHOBOS ja data driven, limiting frag|
H Bopp etal. o corr., DPMJET lll
1 % SFM (no-fusion) Topor Pop et al. [ EP— corr., HIJING/BB v2.0
; Armesto et al. o ‘geom. scaling
§ » 5P Guson) Albacete 1ot cor., rcBK evolution
i . . Abreuetal. . corr., logistic evol. eq.
[ R ) 5 7 8 9 10
n 0 1000 2000 3000 4000 5000 6000
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Low-z QCD with CMS at the LHC
Pb-+Pb

m day-1 measurement !

m method: hit counting in the pixel tracker
In| <2.5

m CMS Si pixel tracker:
m 3 layers 53.3 cm long barrel layers (innermost
barrel radius of 4.4 cm)
m 2 end-cap disks
m full ¢
m pixel size (z X r) = 100 x 150 pm

m resolution

m impact parameter: ~100 pum
m pr: ~ 0.7 % for 1 GeV (n=0)

3 10! E (| @ Simulated primary tracks PbPb @ 5.5 TeV.
> Reconstructed tracks (Si Pixel)
z o+
7 ~_
// Si TRACKER \\
10 / ECAL + HCAL \
/ \
/¢ c\
;A A\
/ ? HF HF % \
/0 o\
10° / R R \\
// ™ m ™ T2\
/ \
L | \
-5 o 5
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(FfFlD Glltens
: Photon beams at the LHC

m Weizsacker-Williams (EPA):
m electromagnetic field (coherent action of Z=82 proton charges)
m generated equivalent flux of photons
m characteristics of Ultra-Peripheral Collisions (UPC)
m byyin ~ 2R 4: nuclei do not collide = ~-induced reactions
m ~-flux ~ Z2 : enhancement factor of 7000 is expected for Pb beam (if compared to
electron or proton beam)
m Max photon energy: wmaaz = v/Ra ~3 (80) GeV for Au+Au RHIC (Pb+Pb LHC)
m max center of mass energy for y+Pb collisions:
B V5, py ~ 30 (900) GeV for Au+Au RHIC (Pb+Pb LHC)
® LHC ~ 3-4 /5, at HERA
m coherence condition = very low ~ virtuality:
production of low transverse momenta particles (~ 30 MeV)

= 3|
o LHC
Ze Z
_______________________ =
v eRHIC+600]
b> 2R 102k
RAAAAAANS
AN
AAAAAN
L3 RHIC
v~c
Ze
'

[T T T T

k (MeV)
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RERblcals ool
: QQ photoproduction in UPC

m sensitive to the square of the gluon density in the nucleus
do . a2 )
A VpA ol 167°[2G (z, Q)] with Q° = My /4 and © = My /W3, 4

dt 3a My,

m z probed in v+A = T+A process at LHC:
m for y=0: 2 ~2- 10~3
m for y=2.5: z &~ [z(y =0)] - e ¥ ~ 10~*

m available (x,Q?) regime to constraint the nuclear PDFs
m Unexplored (x,Q?) can be studied !

‘g F Nuclear DIS & DY data:
Pb" 8 10°  RHICdata(forw.)  ®NMC (DIS)
. W SLAC-E139 (DIS)
o " BRAHMS h*(n=3.2)  £na|-E665 (DIS)
c10 PHENIX h* (n=1.8) A EMC (DIS)
* FNAL-E772 (DY)
10°
UPC PbPb — Y
10? lyl<2.5, /8y = 5.5 TeV
10
1 perturbative %! | -—
non-perturbative A L
A
107 it
A
102

10° 10° 10* 10° 102 107 1
Pb x
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Low-z QCD with CMS at the LHC Pb+Pb collisions

: UPC +Pb— T: cross section prediction

m STARLIGHT Monte Carlo predictions: signal

Process Otot 00Xy, IXn|Xn

Pb+Pb— v+Pb—J/$+X 32mb 87mb 25mb
Pb+Pb— y+Pb— T(1S)+X 173 ub 78 ub 25 ub

m background: coherent production of lepton pairs in
two-photon processes

Process vy —ete” gy —putu | Pb’
[l

o(Miny >1.5 GeV ) 139 mb 45 mb Pb r
o(Miny >6 GeV ) 2.8 mb 1.2 mb

r

m ~50 % of UPC interactions lead to the nuclear breakup with
forward neutron emission (X)
Pb

Pb
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Low-z QCD with CMS at the LHC Pb+Pb collisions

: Study from the simulation

m signal to background ratio

Nsignal T pPbPb—~Pb—ry X BR(Y — 1t

Neontinuum

~ 0.35%(0.15%) forpT = (eTe™)
TPbPb—yy— 11— (mj,,=6—-12GeV/c2)

m full CMS simulation and reconstruction
-'g PbPb UPC - 5.5 TeV - 0.5 nb” '“Q 250 PbPb UPC - 5.5 TeV - 0.5 nb”
3% ——1Pb—Y(=e') 2 . Y Pb—Y (= u'W)
= yy—e'e o . vy = uh
1) @ 200
» 20 s
2 2
S0 § 150 ;‘,\‘
[
150 | |\
100 L | | // \
100 il L

50 [STARLIGHT model. Full CMS sim+reco] 50

[STARLIGHT model. Full CMS sim+reco]

7 7.5 8 8.5 9 95 10 105 11 115 12 u‘, 7.5 8 8.5 9 95 10 105 11 115 12
m,,.. (GeV/c?) m,,.. (GeV/c?)
Peak position: ~9.35 GeV Peak position: ~9.52 GeV
Mass resolution:~ 150 MeV Mass resolution:~ 90 MeV

Excellent mass resolution = higher bb states (not simulated) can be separated
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Low-z QCD with CMS at the LHC

: extracted yields

Pb+Pb collisions

m 1 year of Pb+Pb running (~10° s) with background subtracted

PbPb UPC - 5.5 TeV - 0.5 nb™!

~
=)
TT

[STARLIGHT model. Full CMS sim+reco]
E — yPb>Y (—e'e)
50

40~

entries (60 MeV/c?)"
2
g3 3
SrrSo

30°

20-

50—

3
s
T

40—

entries (60 MeV/c?)!

300

200

]

PbPb UPC - 5.5 TeV - 0.5 nb™
[STARLIGHT model. Full CMS sim+reco]

YPboY (5 p'w)

vl e bl
85 9 95 10

m,,,. (GeVic?)

m final rates

m N(Y — ete™): ~ 220 +15% (stat) + 10% (syst)

m N(Y — putp~): ~ 180

+13% (stat) = 10% (syst)

RN FETEE PR RN RN e
95 10 105 11 115 12

m,,,. (Gevic?)

Large statistics for detailed studies of gluon PDF
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Summary

m Non-linear QCD evolution and gluon saturation MUST be taken into account in the
high energy limit

m First signs of non linear QCD dynamics in HERA (e+p) and RHIC (d+A, A+A)

m CMS allows to study high density QCD in p4p/Pb+Pb/p+Pb down to z ~107°
using forward detectors and perturbative processes

m CMS detector is working very well and taking a high quality data
m first analysis of p+p data were performed: forward jets and energy flow

m we are looking forward for more data to perform detailed studies of the jets in the
forward region
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