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CMS Experiment

Hadron Calorimeter (HCAL)

EM Calorimeter (ECAL)
Beam Scintillator Counters (BSC)

Forward Calorimeter (HF)

Tracker
(Pixels and Strips)

Large coverage (|An|<5.0)
50 um vertex resolution

Muon system
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Trigger on High Multiplicity pp
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Trigger on High Multiplicity pp

JHEP 1009:091, 2010
Total integrated luminosity: 980nb-!
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~350K top multiplicity events (N>110) out of 50 billion collisions
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Angular Correlation Technique

Signal distribution: Event 1 Background distribution:
1 dZNsame 1 dZNmix
S(An,Ap) = B(An,Ap) =
(A7, Ap) N, dAndAg (An,A) N, dArndAg
SO0 _ Event 2
Zoosl Ry
50.02—
@2 0.014
2 5
0
-5 A0\

mixed event pairs

assoc trig
=n -n

2N\| pair
1 d“N _ B(0,0)X SN(AU,AgD)
Ntrig dAUdA¢ BN (A77’ A(P)

assoc trig
@ —@

Divide signal by background
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Correlations in High Multiplicity pp

Intermediate p+: 1-3 GeV/c

High multiplicity pp (N>110)

R(AN,A0)
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Correlations in High Multiplicity pp

Intermediate p+: 1-3 GeV/c

“‘Away-side” (Ad ~ )
back-to-back jet correlations

High multiplicity pp (N>110)

-

-
= 4.
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4 4 “Near-side” (Adp, An ~ 0)
p) p) correlations from single jets
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Correlations in High Multiplicity pp

Intermediate p+: 1-3 GeV/c

Striking “ridge-like” structure extending over An
at Ap ~ 0

High multiplicity pp (N>110)

R(AN,A0)
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Correlations in High Multiplicity pp

Intermediate p+: 1-3 GeV/c

High multiplicity MC
Striking “ridge-like” structure extending over An
at Ap ~ 0
(not observed before in hadron collisions or MC models)

N>110, 1 .OGeVIc<p‘<3.0GeVIc

Y ‘7‘;\%\.'
RTINS
,{‘““‘ _ u‘.-‘._,'{)- }J{ '”"“
,.{ | l‘ '

ihf f ;:‘,:‘\\..

R(An,A0)

High multiplicity pp (N>110)

Minbias pp

(b) MinBias, 1 .0GeWc<pT<3.DGeWc

R(AN,A0)
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Correlations in High Multiplicity pp

Intermediate p+: 1-3 GeV/c

Striking “ridge-like” structure extending over An
at Ap ~ 0

High multiplicity pp (N>110)

R(AN,A0)
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Correlations in High Multiplicity pp

Intermediate p+: 1-3 GeV/c

Striking “ridge-like” structure extending over An arXiv:1105.2438

at Ap ~ 0

(Similarity to Heavy lon) CMS PbPb 2.76 TeV
(a) cms JLdtzamb"

High multiplicity pp (N>110) S, o

~ s |9 6of
q Z|= 6.4
~ ~|_F 5.8
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pretations of the Ridge
SPIRES:

CMS PP 7 TeV, N =110 Observation of Long-Range Near-Side Angular Correlations in Proton-Proton Collisions at the LHC.
By CMS Collaboration (Vardan Khachatryan et al). CMS-QCD-10-002, CERN-PH-EP-2010-031, Sep 2010.
Published in JHEP 1009:091,2010.

e-Print: arXiv:1009.4122 [hep-ex]

References | LaTeX(US)| LaTeX(EU)| Harvmac | BibTeX | Keywords | Cited 48 fimes

1) Proton-Nucleus Collisions at the LHC: Scientific Opportunities and ...

2y The Ridge from the BFEL evolution and beyond.

3) Strange hadron production in heavy ion collisions from SPS to RHIC.

4) Long-range and short-range dihadron angular correlations in central PbPb...

3) Recombination within multi-chain contributions in pp scattering.

65) The First Year of the Large Hadron Collider: A Brief Review.

73 Bi-Event Subtraction Technigue at Hadron Colliders.

8) Bose-Einstein Correlations in a Fluid Dynamical Scenario for Proton-Proton...
93 A New CMS pixel detector for the LHC Ilnminosity upgrade.

10y CMS ridge effect at LHC as a manifestation of bremstralung of gluons due to...
11y Elliptic flow in pp-collisions at the LHC.

12 Particle Production at High Energy and Large Transverse Momentam - "The...
13) Soft ridge in proton-protoen collisions.

14) Theoretical considerations on multiparton interactions in QCD.

15y Azimuthal correlation of gluon jets created in proton-antiproton annihilaton.
16) Ddrect photons at low transverse momentum: A QGP signal in pp collisions at...
17) Theory of transverse-momentum parton densities: Solving the puzzle of...

18) Role of gquantum fluctuatons in a system with strong fields.

19 Longitudinal hydrodynamic expansion and long rangle correlations.

20 Forward-Backward Correlations and Event Shapes as probes of...

21) Measurement of Bose-Einstein Correlations in pp Collisions at sqrt(s)=0.9 and...
22 Azimuthal angle and rapidity dependence of di-hadron correlations in QCD.
23) Hadron-Hadron and Cosmic-Ray Interactions at multi-TeV” Energies.

24) Imnclusive Ridge Distributions in Heavy-Ion Collisions.

253 Hard Probes 2010: Experimental Summary.

26) Long-Range Rapidity Correlations in Heavy Ion Collisions at Strong...

27 From many body wee parton dynamics to perfect fluid: a standard model for...
28) Phenomenological Relationship between the Ridge and Inclusive Distributdons.
294 Angular Correlattions in Gluon Production at High Energy.

30) Heavy Quark Energy Loss in High Muldplicity Proton Proton Collisions at...
31) 33N Psi% yield vs. multiplicity in proton-proton collisions at the LHC.

32) Samration models of HER A DIS data and inclasive hadron distributions in...
33) Rapidity long range correlations, parton percolation and color glass condensate.
34) Two-hadron correlations in the Color Glass Condensate formalism.

35) Ridge Formation Induced by Jets in Spp$s Collisions at 7 TeV .

36) Gluon correlations in the glasma.

37 Quasi-diffraction production of white guark--gluon clusters at superhigh-...
38) The "Ridge’ in Proton-Proton Scattering at 7 TeW.

390 Pair creation in boost-invariantly expanding electric fields and two-particle...
40y On correlations in high-energy hadronic processes and the CMS ridge: A...

41) Comparing the same-side "ridge’ in CMS p-p angular correlations to RHIC...
42 Comments on 'Observation of Long-Range, Near-Side Angular Correlations...
43) Towards a common origin of the elliptic flow. ridge and alignment.

44y Elliptic flow in proton-proton collisions at Ssqre(5) = 75 Te'V.

45) Eccentricity and elliptic flow in proton-proton collisions from parton ...

46) The Ridge in proton-proton collisions at the LHC.

47) On the ridge-like structures in the nuclear and hadronic reactions.

48) Hadron production in p+p, p+Pb, and Pb+Pb collisions with the HIJING 2.0...

R(An,A)

"\J

pp Ridge for Quark Matter 2011 13




New Results

e 2X as much data
— |An| dependence
— p; dependence
— Multiplicity dependence

pp \s =7 TeV, N> 110

. CMS Preliminary

2<p°<3GeVic
1 < p:ssol: < 2 GEVI{:

dszail‘
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New Results

e 2x as much data
— |An| dependence
— p; dependence

— Multiplicity dependence Ridge goes away at high p;

pp \'s =7 TeV, N> 110 CMS Preliminary ~ pp Vs =7 TeV, N> 110

|2 < I:'trig <3 GeV/e I | | K< ptrig <6 GeV/c I

CMS Preliminary

1«tpT < 2 GeV/c 1«tpT <2 GeV/c
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|An| dependence of the ridge

Zero-Yield-At-Minimum (ZYAM)
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A¢ projections In various p; ranges
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A¢ projections in bins of p-

CMS pp 7 TeV, N =2 110
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P dependence of the ridge
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Near-side yield vs p-

N
Jet region (|An|<1) ] B
CMS Preliminary
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Ridge first increases with p, and then drops at high p+
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Near-side yield vs Multiplicity

Jet region (|An|<l)
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Wei Li (Plenary session Thursday)

« Surprising new effect in pp CMS pp 7 TeV, N 2 110

— Never before seen in pp WIS ousrniey

2<p;”<3GeVic :
1<p*<2GeVlc 7" ¥,

or pp MC

AR
T T AR
AR - .

— Similar to HI =,

“““'\"“‘ "
RS T
A ,ﬁ!'{'ll?ll!\‘\it; '
' AN 4

9!
“‘p

* New results provide more

detailed properties of ridge Jeremy Callner (Parallel Tuesday)
CMS PbPb 2.76 TeV, 0-5%

— pt, |An|, multiplicity dependence

(a) cms J Ldt=31pub"
PbPb\fs,, = 2.76 TeV, 0-5% centrality e

* New testing ground for high
density QCD physics

dszair
Ntrig dAT[ dA¢

o
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Understanding the Correlation Structure

p+ inclusive

What was used in CMS 7TeV pp minimum bias
PHOBOS, ISR, UA5S

S, (An,Ap) 1
B, (An,Ap)

R(An,Ap) = <(N - 1){

CMS/| : :
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Understanding the Correlation Structure

p+ inclusive

“Away-side” (A¢ ~ =) jet correlations: CMS 7TeV pp minimum bias
Correlation of particles between back-

to-back jets
Bose-Einstein correlations:

(A ,An) ~(0,0)

Momentum conservation: 5

~ -COS(A)
gf -2 W\
“Near-side” (A¢ ~ 0) jet peak: -4 >

Short-range correlations (An < 2):
Resonances, string fragmentation,
“clusters”

CMS/| : :
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Correlation of particles
within a single jet



Comparing to various MC

(a) MinBias, p1=rl.'l.1 GeVic {b) MinBias, 1.uGevfc<p1-=3.uGeWn

e =
E < < *’:“‘i;“‘v"'
S = Ny
= = s )
4 gt 4
2 2
Nz
-4
PYTHIAS, v8.135
(c) N>110, p_>0.1GeV/c (d) N>110, 1.0GeV/c<p_<3.0GeV/c
ok,
p_— — e
= = T,
3 RN 1 20 TR,
:’ "1-;-,' : “ "‘.l" | AR,
% ﬁ.ﬂ‘?lf:‘lff;ﬁﬁ"ﬂ!& E =21
'E.%'-*"' m?l;
gt T

I
IR
s
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More MC models

PYTHIA D6T MinBias, N>70 PYTHIA D6T, Dijet 80-120GeV

R(An,A9)

| "lmll»

q'

,‘ L

T\
e ’J‘i\"
il :i" ""“\““

R(An,A0)

’ ?ihw
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Cross Check: Event Pileup

Compare different run periods

90<N<110,2.0<|An|<4.8,1.0GeV/c<p_<2.0GeV/c

# Run ISISIHIII}-I.?:ﬂm]Iﬂ o ]:
©  Run 138000-139500 ]
I ®  Run 139500-140400 |
B P v
— 1 ;"" -
3| -
N X _
~ A
N : _
t g ! -
I 1 i 1 ; i
-1_| AR R N N T N TN TR NN SO S MR _I

0 1 2 3

A

Change in pileup fraction by factor 4-5
has almost no effect on ridge signal

CMS/| : :
Dragos Velicanu (MIT) pp Ridge for Quark Matter 2011



O
.
D
al
.
-
D
>
LLl

Cross Check

Correlate tracks from high multiplicity vertex with tracks
from different collision (vertex) in same bunch crossing

N>110

1.0GeV/c<p;<3.0GeV/c

No background or noise effects
seen in cross-collision correlations

(9]
N

pp Ridge for Quark Matter 2011

Dragos Velicanu (MIT)
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Cross Check: Analysis Code

o | T | = - - . .
15 *  Standard analysis '51-045 Control analysis II
- E N>100
i » Control analysis I 3 E" 03}
i £ 1 lan|>2 S
: . 8102t 1<p_<25GeVic , E
OF N-110 . E © 0 E
- 1<p;<3GeV/c . C -
oL |An|>2 s ] na B
i i - he ]
I . i - . ]
0.5(% » . — 099E, §
R » _ - - ] -
: e . - 0.98F e, =
THo 01 bl | | | | Cl N | | | | I
0 0.5 1 1.5 2 2.5 3 0 0.5 1 15 2 2.5 3

Independent code
Different definition of R
Different input file (skim)

Independent code
Same definition of R
Same input file (skim)

Ridge is seen with three independent analysis codes

Cs, /! _
Dragos Velicanu (MIT)
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Cross Check: Trigger

Min-bias trigger vs high mult trigger HLT 70 vs HLT 85 for N > 110

! E EEEE: Min bias E s HLT PixelTracks Multiplicity70 E
2 _ ' N}‘m: 'I‘rtggtf‘jg ger —: 2 _ ®  HLT PixelTracks Multiplicity85 —:
! i i: —~ Iy
=l Y e R
q I * * 1 q i ¥ ]
-~ | i - [ 3 i
~ o T R ¥ A
; *HHH ] SRR ;
'1_ 7 -1__ N>110 ]
E E : |1 A<T][:>|T><22 GeV/c ]
0o 1 2 3 0 1 2 3
Ad A¢

Ridge is seen using No trigger bias seen from

min bias trigger + offline selection comparison of trigger paths

chs, /|
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Cross Check: ECAL photons

Use ECAL “photon” signal

CMS /| :
Dragos Velicanu (MIT)

Mostly single photons from =°
No efficiency, and py, ¢ smearing corrections

I

S

CMS p1relim-ina;ryr - |
0.5- III:;T1<O3GeV/c ]
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Track-photon correlations

pp Ridge for Quark Matter 2011

Note: photons reconstructed using “particle flow”

event reconstruction technique
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Cross Check: ECAL photons

Use ECAL “photon” signal
Mostly single photons from n0's
No efficiency, and p, ¢ smearing corrections

N>110
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Photon-photon correlations
Qualitative confirmation
Independent detector, independent reconstruction
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Particle density in high Mult pp

« Similar particle densities in these pp collisions

as were seen in CuCu at RHIC
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