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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:
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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)
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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
at Ap ~ 0
(not observed before in hadron collisions or MC models)

High multiplicity pp (N>110)

R(AN,A0)
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High multiplicity MC

N>110, 1 .OGeVIc<p‘<3.0GeVIc
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(b) MinBias, 1 .0GeWc<pT<3.DGeWc
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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
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R(An,A¢)

dszair
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Dragos Velicanu (MIT)

high multiplicity pp

Interpretations:

Multi-jet correlations
Jet-Jet color connections

Glasma tube

Hydrodynamic flow
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pp Ridge for MBUEWG June 2011

Jet-proton remnant color connections

59 citations
(link to SPIRES)

Jet

Phys. Lett. B697:21-25, 2011

Quark
—_—  Gluon

Plasma
EPOS model: pp

0

K. Werner, WWND2011
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http://www.slac.stanford.edu/spires/find/hep/www?rawcmd=FIND+EPRINT+1009.4122

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{:
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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
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|An| dependence of the ridge

Zero-Yield-At-Minimum (ZYAM)
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Ridge is mostly flat in |An|
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A¢ projections In various p; ranges

thrlg > CMS Preliminary
r 1<p‘”9<1 Gevic :I B ;;pl‘;'lgclzléelvlml o I I 2<p‘”9<3 Gevie :I I 3<p"'9-:4 Gevic 4<p"'9<5 Gevic I I 5<p"'g-r8 Gevie
- 50‘ O.1<pr <1 GeVic 1 2<jani<d 1 2<|An|<4
O —] < - —
z g bosssespeeasstdns .'...-_r 1 0
o - I - P 1 o i
ML= : Bogsnsr®®
= CMS pp 7 Ti V N =110 !
pp 7 Te ;
5 lo 145 1<p2**<2 GeVle ] N= 110 ] .i Joot ]
zlg 14 = T o P i o T ]
%5 c : e » ] . ] ]
T2 1 speessesssesse®®s oo*® L... ...'.. : o’ ] o 1 ]
1.38 —posgspgan® ] Poogy 0 Pospeye®® Sesegans® ]
[ = : : = : : e : : Er : : i ; : S
0.40F -t 1 + 1 1 o
O C =™ e z i » by
O Elz - - 2=p 3 GeVic - ..I'L » ]
& = ggo.as} -+ I u - o T o® ]
CUl_ A = ...-"?... .....E ...' .n »® Pog, 0,
bosssessnses® -POBayppntd - - esngo®e
o 0.30p -+ Posgegnne®® bt + + .
L i 1 ...
5 o012 3<p)" <4 GeVic -+ T -+ + s 2
M= - i JO o
~|f0.10- — SOBB otn ) 1T _eng®® .
T eeseasssssstttOt o eens® M'... ..-'.“L'n'“'" poes
0-03_—. —_-. ; ; ) __T ; ; ) ——... . o ) o ; ; i ) ; i
U.UD_' _I T T T T T T T _I T T T T T T T T T T ]
N : : 0
n : L
= 0.05 4<piFT<5GeWle | T T I I ®
N =5 C i -
Zld [ N hd ]
o L : ] ] » ™ ]
— Zglﬂd- C - T ..—— ... st b
MM ...... EL. .... 1 - 1 .....“ E
0.03_— -+ p_ o T - M. 1 .......... + .
(0 g e B AR RRRRRRp! I L A o o
I L
i : @  CMS Preiiminary,
§ % 020__ 5<p:95°c<8 GeVie T iR I 1 » T L
S L ] o* o
1% 015 B e L ..O.'__ POd .-.. I *® ]
» »
F r"“'""'. P"'.".... Sesette ;m St
0 1&¢2 30 ‘sz 30 3432 30 3412 3 0 3432 30 13432 3

Dragos Velicanu (MIT) pp Ridge for MBUEWG June 2011 15 I I I I I




A projections in bins of p-
CMS pp 7 TeV, N =110
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P dependence of the ridge

ppNs=7TeV,N= 110

CMS Preliminary pp \s=7 TeV, N= 110 CMS Preliminary
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Ridge in pp and PbPb

|
CMS 7/ TeV, N =2 110 I CMS PbPb 2.76 TeV, 0-5%
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Near-side yield vs p-

Ridge first increases with p, and then drops at high p+
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MinBias-like

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

Near-side yield vs p-

HighMult-like

pp \s =7 TeV, N> 110 CMS Preliminary
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Near-side yield vs Multiplicity

Jet region (|An|<1) Ridge region (2<|An|<4)
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Ridge in pp turns on around N ~ 50-60 (4x MinBias) smoothly
(<N> ~ 15 in MinBias pp events)
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Near-side yield vs Multiplicity

Ridge starts to turn on Ridge region (2<|An|<4)
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CMS pp 7 TeV, N =2 110

e Surprising new effect in pp

pp ¥s=7TeV,N=110

. CMS Preliminary
2<p!® <3 GeVic '

* pt, |An|, multiplicity dependence “FEEL e

» New testing ground for high En Al
| | ot
density QCD physics p
« Qutlook X

— pt distribution, global properties, PID correlations...

— Check more HI observables (jet quenching, dijet
asymetry, low pt PID spectra...)
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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){
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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”

Correlation of particles
within a single jet
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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'

,‘ o 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

Ad

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

H
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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

Chas, | I n
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Cross Check: Trigger

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

! . :i:; Min bias ; s HLT PixelTracks Multiplicity70 E
2 [ : :ﬂ 'I‘riggtf‘j; g elr —: 2 _ ®  HLT PixelTracks Multiplicity85 —:
—_~ | i: —~ f
=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<np|T><22 GeV/c ]
0“”1"”2HH3| 0 1 2 3
Ad A¢

Ridge is seen using No trigger bias seen from

min bias trigger + offline selection comparison of trigger paths
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Cross Check: ECAL photons

Use ECAL “photon” signal
Mostly single photons from n%s
No efficiency, and py, ¢ smearing corrections

L CMS preliminary
| N>110 .
0.5 -

«" 1<p;<3GeV/c
[ |An[>2

Track-photon correlations

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 n?'s
No efficiency, and p, ¢ smearing corrections

N>110

1<p;<3GeV/c ' CMS preliminary .-:
L
_— N>110 . 1
- 0.5 1<p;<3GeV/c . h
q\ 0 @ L | |AT]|>2 "
: _0 ‘{] i .
< 1.0 . ]
E -1 2 .
-®* . . .
- " 0
-0.5" . ]
l 1 l

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

CMS /| :
Dragos Velicanu (MIT)

CMS pp 7TeV, N>100
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CMS Experiment

_ Hadron Calorimeter (HCAL)
EM Calorimeter (ECAL)

,_;%._._ S Beam Scintillator Counters (BSC)

Forward Calorimeter (HF)

Tracker
(Pixels and Strips)

Large coverage (|An|<5.0)

50 ym vertex resolution
Muon system
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Trigger on High Multiplicity pp

- . . I e e O O S S e .y

~ ~. Level-1:

" CMS trigger and DAQ Y YE;>60 GeV

| betect | In calorimeters T L L e ]

| electors I 300__ _— Hl.il':I-"in:l'l'racks:}'lnllipli{:‘l}'ui

| Digitizers ; SO

| l 5 I

I Frontend pipelines | ‘;’ 200; 1

| r : = r :

| - : ~'100 '

: Readout buffers I =

I T : - : I

| PR T R T AU T S S R N R

| 2 Switching networks : q) 50 lngl?nc 150 200

: ‘_—'_ I /Ntrk

: Processor farms : _ _

! o 1 High-Level trigger:

\ } number of tracks with p>0.4 GeVlc, |n|<2
S o e from a single vertex

e S e e e e e e e e
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