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Outline of the talk

New: Lengths of homogeneity (R.,) and BEC intensity (1) in broad multiplicity range (< 250)

nv

0 High multiplicity pp collisions: ridge structure and signs of collectivity (similarities with AA collisions)
o What femtoscoy could add to this investigation?

0 Results and conclusions need to be independent on analysis technique
o Three analysis methods are employed

0 Brief introduction to the three analysis techniques (emphasis in one of them)

o Brief summary of the systematic uncertainties

Results

0 Comparisons of the three methods
° R, and A fit parameters vs. Niacks and vs. (Nipacks Kr)
0 Comparison with lower energies

1/3
° Study Riy, VS. (Nipacks) and (dN(;rackS)
o Comparison with model expectations

1/3
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Outline of analysis methods

Double Ratio (DR), Cluster Subtraction (CS) — Hybrid Cluster Subtraction

as in (*), CMS-FSQ-13-002-PAS & (**)  fully data-driven, (HCS) partially data-driven,
as in CMS-HIN-14-013-PAS & (**) as in ATLAS-CONF-2016-027
0 Ratio of Single Ratios (SR)
° SR in data divided by SR in MC 0 Employs Single Ratios only 0 Employs Single Ratios only
o Non-BEC contributions: removed by

: ) ) o Non-BEC cluster is estimated 7 [0 Uses MC SR to correlate (+-)
directly performing the ratio of data to ,
MC direcly from data (+ —=) SR and (4+4) background
0 Fit double ratio with a function * Estimates the amplitude (* height”) # | 0 Non-BEC effects: estimated
_ , of the cluster using (4=4) SR in f data (+—) SR
representing the BEC signal alone data il rom datad
_ _ _ o Uses MC estimate to convert this
0 Fit SR with functional form contribution into the cluster in
combining sig+cluster _  thedata (=) SR
components : : :
(%) PRL 105 (2010) 03200 P o Fit SR-data Wl'th combined
& JHEP 05 (2011) 029 function for signal + cluster

(**) CMS, arXiv: 1712.07198
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Common to all methods — | (Coulomb and fit)

Final state (Coulomb) interactions One-dimensional fit to Correlation Functions

a0 Analytic formula for Coulomb correction
[HIN-14-014-PAS, arXiv: 1712.07198) .
C (qiny) = C[1+ Ae™ @R (1 4- € gy )

K(Qinv) = Gw(g) [1 + C dinv Rinv/(1-26 + Jinv Rinv)]

C = m“em/qil’lv qinv — _(kl T k2)2 — Minv _ 4:7”17_(2

0 In pp collisions =2 well-approximated by

0 Lévy distribution with a = index of stability;
Gamow factors

particular cases:

55(7) = —21% (< exponential it (@ = 1) 1
Gw (g) B exp(ZTCg)_l ‘——-—£)-——‘————.————(——___)_JI
o Gaussian fit (a = 2)

GOS(7) = — 27 o & > fit parameter (long-range correlations)
w 1—exp(—27()

22 May 2018 SAO PAULO RESEARCH AND ANALYSIS CENTER 4




Common to all methods — Il (Single Ratios)

Single Ratios (SR)

exp (q k k ) _ S(kllkz) _ [ 81gna1/ q]
B(kl'kz) ref/dq > Different reference samples (no BEC) N\
’ 8CMS Preliminary = pp (13 TeV)
. ey
) ) ) * 0< NOne =g
0 Background or Reference Sample pair selection options Sl 0<ktrk<1 oy
(one of the main sources of systematic uncertainties): S . Data
> Same event — examples: S1.4f+ + Pythia6 -
o . 1
e opp. charges (® resonances) = . ]
* rotation of 1 track of the pair %1'2—7 7
> Mixed events ( © ) — examples: _____CQ» ;.....,,}w ]
°: Tracks with similar multiplicity within same n range (default) i"___ LN ]
_____________________________________________________ P S H N I S SN SN (NN ST SO S SN SO ST N
* Random mixing: Mix 40 events in a given multiplicity range 0 0.5 1 1.5 2
[GeV]

nv
https://cds.cern.ch/record/2318575 (FSQ-15-009-pas.pdf)
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https://cds.cern.ch/record/2318575

Double Ratios (DR) Method — |

Ref. sample: similar NOfﬂmein same n range (default) > Data (£4) SR shows BEC
DATA VIC - = 7 o Data (+-) SR: resonances + cluster (not in mixing)
- st (£ =) SR (BEC) ras (=4 SR (no BEC) ~ _ o MC (+-) SR: reproduces resonances + cluster
(@) 1.3E, 1.3 . .
=l 1.25;_:,/ — 128 ~_  ©° Shows (non-BEC) correlation in (£=%) MC
é RCIRPEI S K 12 7]
E & s PSR < o L (+-)SR o To eliminate such spurious correlations:
Ea™ s —
3 1:,;? X’ ___mixing events (signal) 1;’; :\ mixing events (signal) double ratio technique (DATA/MC)
I e I s :
0.2 04 06 0.8 1 1.2 1.4 16q1(BGe\j) 0.2 0.4 0.6 0.8 1 1.2 1.4 16q1(aGe\2/) 18?M$ ,‘Dr‘e/”‘n[‘na‘ry‘ | L ‘pp (13TGV? M'{/ CM$ ,‘Dr?/”‘nl‘na‘ry‘ | o ‘pp‘(1‘3‘Te‘V)
CMS Collab., PRL 105, 032001 (2010) ) o< N <79 1 6; o< NOfine < 79
CMS Collab., JHEP05(2011)29 > O<ki<1Gev | S 0<ky<1GeV
. . O] [ e Dat 1 O la
CMS Collab., arXiv:1712.07198, to appear in PRC N4 4 pyhias Q14" ]
. S | ] e "
Double Ratios (DR) = remove non-BEC and =~ I 1 Szt ]
- ~dN . dq - o, a |4
reduce bias signal /44 PN
Coole) = 1) = LT ] B
mc\1 signal ].(No BEC in MC) 7 g [Gev] % [GEV]
- dNref/dq . https://cds.cern.ch/record/2318575 (FSQ-15-009-pas.pdf)
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http://arxiv.org/abs/1712.07198
https://cds.cern.ch/record/2318575

Custer Subtraction (CS) method

.\ 4 ;
https://cds.cern.ch/record/2318575 (FSQ—15-OO9-pas.pdf) ’ 8CM$ Prelimi(raryl . pp (13TeV)\$-:-‘:A1 8CMS Pref/mmary ' pp (13TeV)
' | 19<N°f”'"e <2 T | 1os<|\n‘;’”'"e <109
I 02<kT<03GeV i 0.2 < k; < 0.3 GeV |
Remove non-BEC contributions (csm, arxiv: 1712.07198) ¢ - Daa 1 st - oaa s .
F o Data +- < Data +-
o | —C™ fit,x? /Ndof =138/ 95 1 O | —C™ fit,x / Ndof =295/ 95
8 1 .4_— —C* fit, x2 / Ndof = 147 / 84 7 g 1 .4_ —C* fit, 22 / Ndof =245/ 84 m
0 Fully data-driven technique S | 1S
. . . \1.2 \1.2 _
0 Effect of resonances: decreases with increasing NOfﬂme B :ﬂ,;
0 Modulation of non-BEC effect from m*~ SR in data L L
Lo ! L | | |
. 2 0 0.5 1 1.5 2
q_ [GeV] q_ [GeV]

CMS preliminary ’ CMS preliminary

2
t= (g ) — b — ( In -
C (qan) =cC {1 —1_ O'b\/ﬁ exp [ (2}5)] } (1 —|_ € qan) ‘ pr,\EmFS,OZJI'e\{'i— S].Izklk - 03 GeVie pr,\gﬁ;,=5_021I’e\{'i‘ !
! : 82:&::8? 08 - .
- 05<kr<06 -
a- 06<ky <07 a
T osp
Q b and o, can be parametrized as S et
) b(Nofﬂme k )_ bO ex [_(k_T>] . “Ao So-foaosiogs f 0l
o b => cluster amplitude: w7 r) = Rpofime €XP ko o et
trk
ffli offline " o 0w w0 0 20 2%
° H . offline nr
o, ~> cluster width: 0, (N k) = [Uo+(71 exp (— ~—)]k v e
J Illustration from CMSPAS-HIN-14-002
SAO PAULO RESEARCH AND ANALYSIS CENTER 7
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Fully Data-Driven (FDD) Method - I

Modulation of non-BEC effect in ™ correlations:
0 The cluster contribution: also present in h™* pairs, with similar shape but a smaller amplitude (see MC, slide#5)

0 Use the form of the contribution obtained from h*~ pairs: b and o, fixed

0 Assume the width is the same and determine the (£==) cluster relative amplitude z(Nt‘;flglme)
2
+4 /. _ offline b _ iny )
C=* (Ginv) = ¢ [1 +2z (N3 o2 P ( 207 Cge (7inv ) [I/lustration from CMS PAS-HIN-14-013]
. CMSpreliminary o 1o CMS preliminary
L phb e N5 Tev : :
offline
offline aNt K +b
Z(N ) — 1Fofﬂine
trk 1+N +b
trk
Y — R 2(aip Bl RN A
[CBE (qlnv) — [1 _|_ A eXp( qanRan)] ] (S -;l— (i‘*' o.g<kT<o.§GeV/8 ] f‘ o ‘0.4‘1<‘k‘-|-‘<‘0.‘5(‘5e‘v‘/c‘5
O s 1w w0 o 20 0 50 100 150 200 250
Nrec Nrec
22 May 2018 SAO PAULO RESEARCH AND ANALYSIS CENTER 8




Hybrid Cluster Subtraction (HCS) Method — |

Technique used by ATLAS experiment in BEC analysis with pPb events (ATLAS, PRC 96 (2017) 064908)

0 Goal: remove the non-Bose-Einstein contributions

Procedure

0 Simulation: used to estimate Background (" 'Bkg”), i.e., non-femtoscopic correlations, mainly due to
jet fragmentation or Cluster (i.e., mini-jets, etc.) contribution, present in SR in the data
o Obtain conversion functions: relate [Bkg (+ —)] «—> [Bkg (++)] using SR from MC
o Use transfer function: convert fit parameters from [Bkg (+ —) ] into Bkg (==) in SR from data

0 Final fit function in data (==) SR: combination of “Signal + Bkg” forms
o “Bkg” fixed with the parameters obtained in the previous step
> Notation: Background parameters denoted as B and o (as defined in the next slide)
o Resulting “Signal”: described by free parameters (A and R;,y) fitted with exponential function

22 May 2018 SAO PAULO RESEARCH AND ANALYSIS CENTER 9




Hybrid Cluster Subtraction (HCS) Method — I

Fitting Same-Sign and Opp-Sign SR in MC

0 In Monte Carlo: no Bose-Einstein effects = Bkg can be modeled by fit parameters

0 In data: BE effect not present in [(+ —)] component — Bkg only
o Use the relations from MC to estimate the Bkg component in (==x) SR

SO M
CMS Simulation Preliminary P (13 TeV)\ =~

13 CMS Simulation Preliminary
. . \

pp (13 TeV)

105 < Noy'™ <109

Fit Functions

ffIl
19<M°k”e<21
0.2 <k, <oseev

q. XB s 0.2 <k, <0.3 GeV
Q(g..) =N(1+ Bexp ~inv 120 e 1 sal - :
inv . ythia 6, + 1.27 o Pythia 6, +-
B Gauss Fit, x2 / Ndof = 52/ 48 Gauss Fit, 2 / Ndof = 47 / 48
Pythia 6, ++ + Pythia 6, ++

o Fit parameters relation ( am" =2)

+
&
. § o
24 ¥ by, ‘\
‘\0
AN

++

SR/ (0.02 GeV)

Gauss Fit, x2 / Ndof = 109 / 91

[GeV]

|nv

Gauss Fit, 2 / Ndof = 96 / 91

22 May 2018
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Hybrid Cluster Subtraction (HCS) Method — |

++ 1

, ~1 A . _
Relation [(¢;) ] vs.L(%) '] (Pythia622%):  Relation (B) " vs. (B)"" (Pythia6 22*):

0 5CMS Sl’mUIat’?” Pr ?/ﬂ”?i??rly _pe (|1? TeV) OCMS Simulation Preliminary ~ pp (13 TeV)
. - . T T | T T T T | T T T T | T T T T | T T T T

0.451- | @ 0.2<k, <0.3GeV
oL https://cds.cern.ch/record/2318575 © W 03<k <0.4GeV o

— N : ] (FSQ-15-009-pas.pdf) L ¥V 04<k, <05GeV
c 0.4 - | * 0.5<k, <07 GeV o i
= - > : 1 Wik i
H0.35" i : @ -2 i ]
& f T : S |
2 0a3f . = 4 : ’
— YL ® 0.2<k,<0.3GeV | -3 ]
- W 0.3<k; <0.4GeV i ° .
0.25 Vv 0.4 <k, <0.5GeV — i i
- * O.5<k:<0.7GeV - 4 ++ .
0.87I - | I | T | I | T | I 11 I7 Oy | | | | | | | | | | | | | | | | | | | | L
2 025 0. 0.35 O. 0.45 0.5 4 -3 ) 1 0

Ayt ;
[(cg) T [fm] Log(B)*
— 1, —14 T~ _ o
[(UB) } =0 [(UB) ] + IB p=0.82 £ 0.04 (stat.); B = 0.077 £ 0.013 (stat.)
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Hybrid Cluster Subtraction (HCS) Method — IV

https://cds.cern.ch/record/2318575 (FSQ-15-009-pas.pdf)

After getting relations for " Bkg” fit

. ) Y/ . .
parameters in Monte Ca rlo 1 8CMS Preliminary pp (13 TeV) ~ 1_8cM$ IPlre:Ilq'm?alryl I PP ‘.E.ﬂ.ﬂ.ev
. T T T T ‘ T T T T T T ‘ T T T T | ofﬂlne ]
H H H H _ 19 < Nofﬂine <21 4 | 105 < Ntrk <109 |
0 Bkgin data is estimated in (+ =) SR | S 0§2<< v oS - - . Data, ++ 0.2 <k <03 GeV]
0 Assume relation of (+ =) SR and St6[ ¢ Daar S (DEata’ " R 12/ N0t 1028185
. . . —— (Exp. x Gauss) Fit, x* / Ndof = 166 / 95 o || — BXp.xauss)FiL, y or= |
()] i
(:I:j:) N data IS the same as In MC (D — Gauss Fit, XZ/NdOf=62/48 ] (D | Gauss Fit, Xz/NdOf=51 / 48 |
. . _ QAl I —
a Use conversion function to 1.4 - Background ] a4 Background ,
. “ . ) ] o 4
estimate "Bkg” in (=) SR e = 1
S~ S~
in data ct-2 1 xl? )
) I ,
L i E— 7
‘ ‘ i Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il Il |
0 0.5 23 v 1.5 2 0 0.5 1 1.5 2
qinv [ © ] qinv [GeV]
22 May 2018 SAO PAULO RESEARCH AND ANALYSIS CENTER 12
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Results with systematics

1)
=17

\

For‘ the three methods 5CI‘VI“S‘Pr‘e/‘in7in‘ar‘y‘ S ‘pp‘(1‘3"|'e‘v) 2CMS Prellmlnary S pp‘(1‘3"|'e‘V)

Ne N\
0<k;<1GeV ] {‘_, 0<k;<1GeV
o Cluster Subtraction O Cluster Subtraction

\

0 Hybrid Cluster Subtraction B 15
4 Double Ratio

bt
i :

O Hybrid Cluster Subtraction™|
4 Double Ratio

0 Rjyv and A as functions of multiplicity and k;

— O
— O

Similar trends for all the methods

0 50 100 150 200 0 50 1 (50 150 2(.")0

0 R,y increases with multiplicity and decreases (N s ? (N e ?
W|th kT 5CMS Prellmlnary pp (13 TeV) 2CMS Prellm/nary pp (13 TeV)
r e ngh‘n‘wultlpllcm‘/‘ e E r R ngh mu|t|p||C|ty T

o Cluster Subtraction E o Cluster Subtraction
4 o Hybrid Cluster Subtractlou o Hybrid CIusterSubtractlori
a A decreases with multiplicity (mainly for lower _ ? Doutle Rt ] 15' ? Doule Rt ;
values) and decreases with k; £ 3* . | < f ]
>
mg 2 n l ’ : ﬂ l“l

a Larger deviations in the magnitude of A for CS i M'.”'moﬂﬂ’st_i'?éumcnon | ! 0.5¢ M'.”'"é‘f&i'f‘éumraa.on | %

technique (larger uncertainties in this method) L Db L ohuerate
O0.25 0.30.350.40.450.50.550.6 00 25 0 30.350.40.450. 5 0 55 O 6

https://cds.cern.ch/record/2318575 (FSQ-15-009-pas.pdf) ( kT ) [GeV] ( kT ) [GeV]
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Comparison with CMS and ATLAS @7/ TeV

https://cds.cern.ch/record/2318575 (FSQ-15-009-pas.pdf)

R.,, Results from HCS compared to
0 Left: CMS for pp@7 TeV [arXiv: 1712.07198] using Double Ratio method (n-mixing reference sample)

0 Right: ATLAS for pp@7 TeV [EP/C 75(2015)466] usmg Double Ratio method (opposite sign reference

>d CMS Prel/m/nary

: <|> HCS Method pp @ 13 TeV
[ ]Syst.:HCS
_ Intramethods variation
E h CMS-pp @ 7 TeV
3

&

- - e @ =
1 -' ] >
c

o

5C CMS Prellmlnary
T T 17T ‘ T T | T
: <|> HCS Method pp @ 13 TeV (same range)

|:|Syst HCS

- Intramethods variation
- § ATLAS -pp @ 7 TeV

o paPEReEEe”

| N
| %] B
0] 7]

L0 L1 TR R TRI R Lo b b b b b b
0 50 100 150 200 0O 50 100 150 200 250 300
(N (ptTrk >0.1 GeV) )

tracks > < tracks
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1/3
Rinv vs. N. tracks

All the fits using only statistical uncertainties g CMS Freliminary __ pp(13TeV)
Q Linear fit . HCS Method i
o X° — - Syst. : HCS T
/Ndof =50 4__ Y ]
a Linear + Constant } Intramethods variation 1
. XZ/ — 40 E‘ 3—_ — Linear fit + constant . ‘ N
Ndot e Linear fit 2 j
Including systematic uncertainties = [ e i
0 Not trivial to estimate point-to-point correlations o 2: i
o Fit quality using fully correlated systematics is similar [ ]
as using only statistical uncertainties 1 ~
0 Considering systematics fully uncorrelated e .
° . . . XZ — O I I | | I I | | L1 1 | | L1 1 | | L1 1 | | L1 1 | | L1 1 I_
Linear fit : /Ndof O.ZL 0 1 ) 3 4 5 6 7

o Linear + constant fit : X /Ndof = 0.15 >1/3

https://cds.cern.ch/record/2318575 (FSQ-15-009-pas.pdf) tracks
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1/3
dNtracks )

RiIlV VS. ( dﬂ

Z o\

Comparison with CGC prediction [McLerran, Schenke,
NPA 916 (2013) 210; P. T. A. Bzdak et al, PRC 87 (2013) 064906]

o Calculation for pp @ 7 TeV (does not include evolution of
the system)

o Similar shape, but very big difference in magnitude §
>
c

Above 1.7 : fit with same function obtained from €
CGC prediction

R, (x) = (1fm) x [a+bx+cx*+dx°], forx <34
PPA7 7 ) e (fm), for x > 3.4

https://cds.cern.ch/record/2318575 (FSQ-15-009-pas.pdf)
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Vs

A\

CMS Preliminary N pp (13 TeV)

5 i T T T T 17T T T T 17T T T T 17 T T TT1 | T T | T T I.1 /|3| T T | T T ]
[ HCS Method, x = (dN,__ /dn) ]

[ [ ]Syst.:HCS ]
4 B __Intramethods variation N
i Linear fit }
gL =Ry fit N
~ --R,,(X) CGC - ]
2r .
O i | 1\“\;‘\\\;\\ | L 111 | | .| | | .| | | .| | | .| | | .| | | .| ]
O 05 1 15 2 25 3 35 4

(dN_ /dn )3
tracks
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M, dependence

Yz vsmp = [mZ +k?
Ran

QO In hydrodynamic models

0.8

[Sinyukov et al., NPA 946 (2016) 227] __
_\E 0.6

o Intercept connected with the 5>
geometrical size of the source  (at 4= 0.4

freeze-out) -

¢ i
NCA> .
=7 cms Preliminary

CMS Preliminary

- Hybrid bluster Sdbtraction

¢ Minimum-bias

- [ ]Syst. : HCS
Intramethods variation

m High-multiplicity

pp (13 TeV)
\ ]

pp (13 TeV)

Hybrid Cluster Subtraction -
offli
e 0<N, ™<19

20 < NI < 39

— [_JSyst. : HCS s 40 < N°"e _ 5g
- 7 Intramethods variation :f';"ne

| — Linear fit vV B60<N, <79
— oo Linear fit o 80 < N:)rfizline <99

100 < NJ™ < 119
120 < NOI'"™ < 139

'\~.L\\\\‘\\\\‘\\\\‘\\\\‘\\\

> Slope connected to the flow . : 7140 <N <250
| | ‘ | | ‘ | | ‘ | | ‘ | ;‘\ 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 | 1
component % 02 04 06 08 1 % 02 02 06 08 1 12 14
Larger slope (larger flow) for lower m; [GeV] m; [GeV]

multiplicities (similar to peripheral AA
collisions) as compared to higher
multiplicities (similar to more central AA
collisions)

22 May 2018
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Discussion about an anticorrelation (|

2CMS Pre/i;rzinary Pp (13 TeV) ) 2CMS Pre/i/‘ninary Pp (13 TeV) ; 2c|\/|s Preliminary pp (13 TeV)
R . T T T T T T T T T T T T ] T T T T . T T T T T T T T T T T _‘ T T T 27 T T T ‘ T T T T T T h T T T L
: 0 <No"™ <4 8 3 10<NI™ <12 L 31< Nfime <33
Zoomed (along the y-axis) , cost a0 | , PSS ,
H H < I = Data | < I = Data ] < |  Dat
correlation functions from 3., 1 Grrcmwe-zes 1 3L\ eeemamss B IR NS i
CC\DI s —1 model, y?/ Ndof = 195 /93 4 CC\DI s —1 model,x?/Ndof = 140 / 93 (ONNN L —1 model,x?/ Ndof = 135 /93
L i L ] Al
DR method S S S |
e | 12 I “ S
z z w T
o o S o | =T
0 Fits with exponential (red) ; ; ; ]
s e . Vé . 09 | P I I | 09 | T T T 1 [ ) ) ) ) ) ) ) ) 1
and tT-model [Csorgd, Zimanyi o 05 1 15 2 o 05 1 15 2 09 05 % 15 2
qinv [GeV] qinv [GeV] q [GeV]
NPA 517 (1990) 588] (green)
2CMS Preliminary pp (13 TeV) ] 2CMS Prelil"ninary Fp (13 TeV) ] 2CMS PreliTinary Pp (13 TeV)
. T T T T ‘ T T T T T T ‘ T T T T . T T T T T T T T T T \. T T T . T T T T T T T T T T \. T T T
- 80 <NJI'™ <84 - 105 < NI <109 - 130 < NJ'™ <250
- 0.0 <k;<1.0 1 H 0.0 <k, <1.0 . - 0.0 <k;<1.0
- 1 < : m Data : < : = Dat ] < : = Dati
Q T mOdel explalns better the ?DJ 1.1 —Exp. Fit, 72/ Ndof = 5900/ 95 | E 11 _E)?:Fit’leNdof=1496/95 n E 11 _Ejpé_iFit,leNdof=147/95 |
H s —1 model, 2/ Ndof = 902 / 93 4 L —1 model,z2/ Ndof = 281 /93 L —1 model, 2/ Ndof = 84 / 93
overall behavior of data 8 o 8 ,
e | | e | e | ]
P R SRR T 1 T 1 e
()] r ] ) r ()] r 1
L L 1 | L L [ L [ L | i 1 1 | 1 1 | 1 L 1 1 | I 1 1 | 1 1 | 1 1 | 1 1 |
0'90 0.5 1G 1.5 2 0'90 0.5 1 1.5 2 0'90 0.5 1 1.5 2
eV
q_ [GeV] q_ [GeV] q  [GeV]

https://cds.cern.ch/record/2318575 (FSQ-15-009-pas.pdf)
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Discussion about an anticorrelation (Il)

Anticorrelation depth
0 Integrated in k;

o Decreases with <N, >, and
tend to ~ const. above 100
0 and differential in kt

o Decrease with kt for lower
<Ntracks> ranges

o For <N,,.>>30 = ~ const.
with increasing k;

https://cds.cern.ch/record/2318575 (FSQ-15-009-pas.pdf)
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<
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CMS Preliminary

pp (13 TeV)

"

Double Ratio Method
B Data

D Syst.

" = e

L1
100

Tracks

50

(N

150

)
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0.04

CMS Preliminary

pp (13 TeV)

* 4> @

O0000OmRe*

bt - [ @ |

T ‘ T T T | T
0<NI™M <10

10 < NI™ <20
20 < NJ'"™ <30
30 < NO"™ <40
40 <NO"™ <50
50 < N9 <60

60 <N <70 -
70 < NI <80

80 <NI™ <90 ]
90 < N <100

100 <N <110 7|
110 <N <120 |
120 < NJ"™ <140

k; [GeV]

02 04 06 0.8 1
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Summary of results in pp collisions at 13 TeV

BEC in Minimum Bias and High Multiplicity events in pp collisions at 13 TeV

o First investigation with both MB and HM events = three different techniques employed:
o Double Ratios involving data and MC (Pythia 6 — Z2* tune) — (FSQ-13-002-PAS, arXiv:1712.07198)
o Fully Data-driven as used in CMS — (HIN-14-013-PAS, arXiv:1712.07198)
o Hybrid Data-driven (transfer function from Pythia 6 —Z2* tune) — as proposed in ATLAS-CONF-2016-027

o 1-D BEC (exponential fit): R, (and A)
o Scrutinized in detail as a function of multiplicity, searching for:
= Changes of slope [PLB 703 (2011) 237]
= Continuous growth with (N,,...)"/> compatible with data
= Possible saturation of R, , in the high multiplicity range also compatible with data
o Detailed investigation as a function of k;, searching for:
= Possible change in behavior of R, results while moving from event in the MB to the HM regions, etc.

o m;—scaling with different slopes in MB and HM: Hubble-type of flow larger in MB than in HM
o Comparison with models

o CGC/IP-GLASMA [NPA 916 (2013) 210; PRC87 (2013) 064906]
o Hydrodynamic models (with different Initial Conditions and EoS) [Sinyukov et al., NPA 946 (2016) 227]

https://cds.cern.ch/record/2318575; https://cds.cern.ch/record/2318575/files/FSQ-15-009-pas.pdf
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ADDITIONAL SLIDES
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Sources of systematic uncertainties

Main sources of systematic uncertainties

0 Reference samples

0 Monte Carlo modeling of correlation functions

0 Cluster amplitude z(N°f, ) in the Full Data-Driven method
0 Track selections

0 Coulomb corrections

Other sources (less significant)
0 PU dependence

Q Z-vertex position dependence

0 HM HLT trigger bias

O Track corrections
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Experimental cuts and definitions adopted

NSk ™€ definition Other variables
a HighPurity offline
0 p;>0.4GeV O Nepg = 0-250
a |nl<2.4 0 k; (GeV) <1 GeVor
a |o,/pr[<0.10 k; € {0.2-0.3, 0.3-0.4, 0.4-0.5, 0.5-0.7}
o |d,/oy| <3 wrt PV
0 |dy/0gyl <3 wrt PV [ ki (GeV) = [pr+ pT'2|/2 ]
Track selection for BEC analysis 0 g, (GeV)= 0.02-2.0
o HighPurity
0 pr>0.2GeV [ qz — qiznv — _(kl o k2)2 — Miznv - 4m7T2 ]
o |nl|<2.4
Q |o,/pr[<0.10 o Fit Function used :
a |d,/og,l <3 wrtPV
A Idy/ Tyl <3 WItPV [C[l + A e” W )] (1 4 € qmv)]
o pixelLayersWithMeasurement > 1
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