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& TOROIDAL LHC APPARATUS (ATLAS)

Muon spectrometer

(u Trigger/tracking and Toroid Magnets)
Precision Tracking:

* MDT (Monitored Drift Tubes)

» CSC (Cathode Strip Chambers) n| >2.4
Trigger:

» RPC (Resistive Plate Chamber) barrel

* TGC (Thin Gas Chamber) endcap

Calorimeter: EM and Hadronic energy
* Liquid Ar (LAr) EM barrel and End-cap & Hadronic End-cap
* Tile calorimeter (Fe-scintillator) Hadronic barrel

/

46 m

Inner Detector (ID)

Tracking; 2T Solenoid Magnet

e Silicon Pixels 50 x 400 um?

« Silicon Strips (SCT) 40 um
rad stereo strips

 Transition Radiation Tracker

(TRT) up to 36 points/track

Two Level Trigger system

» L1 - hardware: 100 kHz, 2.5 pus latency
* HLT — farm: merge the former L2 and
Event Filter 1.5 kHz, 0.2 s latency

27 02 2012
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Hadronic Calorimeter
EM Calorimeter
Pixel Detector
................. : Transition Radiation Tracker
\ ] I’I'Grow-/m;mmsl SemiConductor Tracker

Muon Specfrometer Solenoid Magnet
7 000 tons
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STANDARD MODEL

Fermions: spin = 1/2 particles

Mass of the Higgs boson
was not predicted!

Wector Bosons: spin = 1 particles

Higgs Decay Channels prediction for
Forces Higgs boson mass from 90 to 250 GeV

— 1 0 = T T T T T T T T [ T T T T = ™
O = q1 &
2 E_THT s = 8TeV 4
o : 13
x  TEBFHL e WW — Fvaq 4 &
© E WH 4 Fvb WW — I'viv ] 7
. son gluon BRI ot = _]
iggs Boson: _ 10 P ZZ > I'qq
spin=0 = —
fundamental ‘ ZZ — I'lvy u
scalar particle i 77 FIrT
102 — =
sl ZH —> FTbb\ & . |
10°E l—e.n YY =
N V =VoV.V
B g = udscb
1 0_4 | 1 1 1 1 | 1 1 1 S | 1 L " "*1. 1
100 150 200 250
MH [GeV]

27.02.2018 LHC days in Belarus, Y.Kulchitsk




DIS

@3
a

OVERY OF HIGGS BOSON ..o Z5i/i%
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HIGGS BOSON CROSS SECTIONS  ATLAS-CONF-2017-045

; . ATLAS-CQNF-2017-047
 The increased collision energy and large integrated luminosity provides the opportunity to

measure Higgs differential cross sections

 Combinations of measurements in different kinematical regions can be used to probe different
production modes, notably gluon-gluon fusion (ggF), vector boson fusion (VBF)

1 Results also interpreted using new simplified template cross section framework, reducing
theoretical systematic uncertainties
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Hl@@g B@S@N MASS IATLAS-CONF-2017-O46

 Higgs boson mass measurements in the H— ZZ*—4( & :§ Sj ATLAS Preliminary :Cm
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H—yy channels complementary S pu-e- i
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SEARCHES FOR HIGGS BOSON DECAYS TO bb

O Most sensitive channel to look for the decay H—bb is associated

production, VH (V= W/Z) with H— bb
Largest Higgs branching ratio BR(H— bb ) = 58%

OO

by lepton multiplicity:
» 2 lepton (Z—L1l), 1-lepton (W—Lv), O-lepton (Z—wv)

ATLAS analysis combines Z & W final states, channels characterized

O Validation of performance and systematics understanding of the

Boosted Decision Trees (BDTs) analysis from an independent search

for VZ, Z— bb
L Observated (expected) significance: 5.86 (5.30)
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STANDARD MODEL MEASUREMENTS

Standard Model Production Cross Section Measurements

Status: July 2017
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EVIDENCE FOR Zt PRODUCTION

Evidence of the production of a single t-quark in

 Events selected by requiring:

Events / 0.4

Data/Pred.
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» 3 identified leptons

» 2 jets, out of which one should be b-tagged
A Neural Net is trained to separate the signal events
from the background

 Evidence for Zt production:
» Significance 4.2¢ (5.40 expected)

» Cross section 620+170+140 fb

v Consistent with the SM expectation
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STANDARD MODEL MEASUREMENTS

Standard Model Production Cross Section Measurements siaius: Julyzo17  JLdt
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STUDY OF MINIMUM-BIAS EVENTS WITH ATLAS

Understanding of soft-QCD interactions has direct 0

Impact on i ALLH
. adronisation iR VAUV LAY,
1. precision measurements modeling A

2. searches for new physics \ LN Vi
o W 4 e T % 24 -
. e 3 e a8 g \y¥2 Parton shower (intial
StUdleS.mCI.u d?' . : : *.;,\N % %\o A .\/05/" andﬁnalstater(adiation)
» Charged-particle distributions in pp interactions at 0.9 — 13 TeV ey Ty % | B Sele
: : - Hard interaction ¢ ¥, ey, | & (| arendietits-
» Bose-Einstein correlations (BEC) el & (T

drepresent a unique probe of the space-time
geometry of the hadronization region e
allow the determination the size and shape of Benemas+” Wm,g\ o

the source from which particles are emitted
» Underlying events distributions in pp interactions

Provides insight into strong interactions in
non-perturbative QCD regime:
o Soft QCD results used in Monte-Carlo generators tuning,
o kow:energy QCD description essentiakfersimulating multiple pp interactions 12




EXAMPLE OF VERY-HIGH-MULTIPLICITY EVENT

High-multiplicity event with 319 reconstructed tracks.
The shown tracks are from a single vertex and have pr > 0.4 GeV

319 reconstructed charged-particles!

ATLAS

EXPERIMENT

Run: 312837
Event: 135456971
2016-11-14 07:42:28 CEST

27.02.2018 LHC days in Belarus, Y.Kulchitsky




EXAMPLE OF VERY-HIGH-MULTIPLICITY EVENT

319 reconstructed charged-particles

~—

v ! | /
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ey ATLAS
W 1/

EXPERIMENT

Run: 312837
Event: 135456971
2016-11-14 07:42:28 CEST

High-multiplicity event with 319 reconstructed tracks.
The shown tracks are from a single vertex and have pr > 0.4 GeV

27.02.2018 LHC days in Belarus, Y.Kulchitsky 14




BOSE-EINSTEIN CORRELATIONS

Correlations in phase space between two identical bosons from symmetry of wave functions.

» Enhances likelihood of two particles close in phase space
» Allows one to ‘probe’ the source of the bosons in size and shape
» Dependence on particle multiplicity and transverse momentum probes

the production mechanism

Correlation function C,(Q) a ratio of probabilities:

Po(Py, P,)

C,(Q =P _c 1402, RQ)-0Qs). QP =—(p,~p,)

5 ICARY=RTY
QFf(1,RQ)=JeR°

C, is a normalisation, € accounts for long range effects, R is the effective radius parameter of the source, A is the strength of the
effect parameter, 0/1 for coherent/chaotic source. Two possible parameterisation: Gaussian and Exponential.

C.(@ =" (S)

N, without BEC effect from: unlike-charge particles (UCP), opposite
hemispheres, event mixing. Basic Reference: distribution of UCP pairs
of non-identical particle taken from the same event.

Data 'O (++’__)
R,(Q)= C;7**(Q) _ A(+—)

The studies are carried out using the double ratio correlation

c°Q) pMC(++,——/

function. The R,(Q) eliminates problems with energy-momentum

pMC (+-) conservation, topology, resonances etc.

27.02.2018

MC without BEC. 15




HIGH MULTIPLICITY TRACK TRIGGER EFFICIENCY

d High multiplicity track trigger (HLT _mb_sp900 trk60 hmt L1IMBTS 1 1)
efficiency calculation as difference the HMT trigger to minimume-bias trigger
(LIMBTS 1 1)
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COULOMB CORRECTION

The measured N(Q) distribution for like or unlike signed particle (track) pairs in presence of the Coulomb interaction is given by:

where N,....(Q) is the measured distribution, N(Q) is the distribution free of Coulomb correlations. | N eas (Q)= G(Q)N(Q)

Gamow penetration G(Q) factor |G (Q)= 227‘ n Sommerfeld parameter n n= *a,
e”""—1 o
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0 0.2 a4 06 0.8 1 10— I I I l—'—--——-_ -

20 MeV ; ; ::I[GEV] . 0.5 1 1.5 2 2.5 3
Gamow factor: blue curve — like-signed (LS) particle pairs, Q
red curve — unlike-signed (US) particle pairs, Ratio of the same C,(Q) function — with and without correction on
black curve — US/LS Coulomb correction. FSI — final state interactions.
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SYSTEMATIC UNCERTAINTIES FOR BEC AT 13 TEV

The systematic uncertainties of the spread for n, distribution and inclusive fit parameters, R and 4, of the exponential
model are summarized in the Table. The systematic uncertainties are combined by adding them in quadrature and the
resulting values are given in the bottom row of the Table. The same sources of uncertainty are considered for the
differential measurements in ng,; the average transverse momentum k- of a pair; the two-differential measurements in
Intervals of (n,; ky), and their impact on the fit parameters is found to be similar in size.

13 TeV 13 TeV (HMT)

A R A R A R A R

Sources ) (w) () (%) %) (B (8 (%)

Nep — spread Inclusive ney — spread Inclusive
1. Track reconstruction efficiency: o6 Track reconstr. efficiency  0.0-0.4 0.1-04 0.3 0.1 0.1-0.2 0.01-0.1 0.2 0.01

2. Monte Carlo: EPOS, Pythia8 Monash - Tyack splitting and merging negligible negligible

3. Coulomb correction: +15% Monte Carlo samples ~ 0.0-6.9 05-70 11 14  10-16. 1.0-14. 14 0.7
4. Fitted range of Q: 2GeVx3og (100 ¢ iomb correction 1320 001-06 18 01  L7-19 0204 18 03

MeV) _ 3-2.0  0.01-0. . . -1 2-0. . .
5. Starting value, Q- 10,20, 30 My Fitted range of 0 0005 00209 02 03 0002 0002 002 003
6. Binsize: 10, 20, 30 MeV Starting value of Q 0.0-1.9 0.01-1.1 03 02  05-14 0307 07 04
7. Excluded intervals: £20 MeV Bin size 0.0-24 01-15 08 04 1.0-1.7 04-09 13 0.6
Exclusion intervals 0.0-1.1 03-08 01 0.3 04-0.6 03-06 05 0.5

Total 1.3-79 09-72 24 15 3.0-17.  1.0-15. 2.8 1.2

27.02.2018 LHC days in Belarus, Y.Kulchitsky 19



MULTIPLICITY DEPENDENCE OF BEC PARAMETERS AT 13 TEV

ATL-COM-PHYS-2016-1621

(< 1,3 T T 17T I T 1T T 1 I T 1T 177 I T T 17T I | (e A | I T 1T 177

: : | | 5_| T T I | ] T T I ' I I T I | T I I T I T T I T T T_sele™ 0l T =
. - ATLAS Internal  Data’ 2015 3 £ © ATLASIntemal  Data 2015 E
“E RY(Q)Efit l<25,Q220MeV,p 2100MeV 1 T *O5 pueny E i <o Q220 Mev, b 2100Mev
11 E 4E R =(0.7740.03)n,,13(<70 E
- }L — 1e-0,001nch : 5 ( - ) ) ch ( ) NEW -
1: %H = 3'5:_ i — v =
0'9% . NEW | 3 3 ™ R=3351008 M (>100) <
L R & 0, o . m %ﬁ“' §>
07 4 {5=13TeVMB - 3 2;—* N =
065— ¥ (s=13TeVHMT E 1.5H 4 Vs=13TeVMB - e fit,n, <70 % =
T -+ f5=13 TeV MB + HMT Expo fit . I 'l @=‘3TTV AMT - C°”S‘If” | E
Coooovoo b e b e e b v e b e b g g 1T N T T S I B - N - I I - I S |
0'50 50 100 150 200 250 300 N =32 50 50 100 150 200 250 300N
Ny for Yn|=5 2 Niean e

The results for Bose-Einstein Correlations for pairs of like-sign charged particles measured in the kinematic

range pr >100 MeV and [n|<2.5 in pp collisions at energy 13 TeV
» The multiplicity dependence of the BEC parameters characterizing the correlation strength and the correlation source size are
Investigated for multiplicities of up to very-high number of charged-particles, n,, = 300

» A saturation effect in the multiplicity dependence of the correlation source-size parameter is observed at 13 TeV
27.02.2018 LHC days in Belarus, Y.Kulchitsky 20



MULTIPLICITY DEPENDENCE OF BEC PARAMETERS AT 0.9 -13 TEV

EPJC 75 (2015) 10, 466; ATL-COM-PHYS-2016-1621

-~ B LN NN R Y I I N LA L N Y I L N Y N L N L Y O BN AL B I | | — ' I Y I N Y N I N N L Y I B O B | =
1.2~ ATLAS Internal Data 2009, 2010, 2015 — £ 5— ATLAS Internal Data 2009, 2010, 2015
5" (Q), Efit, n| <2.5,Q >20 MeV, p_>100 MeV ] & : RUCP Q), E fit, (ﬂ 2.5, Q > 20 MeV; p"">"‘1’oo MeV -
R 100010, - Re=(0.17:009n, 18 (<70) :
F 13— 1€] . 4 R7 (0.63+0.05)n, 1’3 "R13=3. 35;;.0 08 Im (>100X
08__ = B Rog—(o 64+OO n """""" &
. B ] N EW B PP 4 TR 2 £ o = ™ ]
- - 3 R 2840.32 fm
0.6 #1@-0.004nch  — [ ] ] NEW |
ol ] 2 —
4 i ] : S = e —— it.n, <82 Q_
: :?F E : : g= 57;(;933 N\I/B ----- \]\I::It n,<54 Q%Q |
0.2 : }E el Expotit 7\‘0 9:1_16‘0-01nch __Nmean_32'51 E:A} E:ZJ?ZVH&A; --------- Pan fit n,, <70 Q& -
I s = 7 TeV MB + HMT Expo fit ' Jfor Ym|=5 [ V {5=13TeVHMT - Genshil N 9 N4

B | 11 ‘l|_=|13|T?V |MBI+|HIY1T|EX|p0 1m| p_p oo ) l PR N NI AN W W ] 0_ L | .“I““";“ JIE=|7TGY '\?BI‘FFI{MIT L:onISt {lt RN S NSO N QC? rooo | i
00 50 100 150 200 250 300 0 50 5 100 150 200 250 300
nr‘h mean nCh

» The slope of an exponential fit of the A vs n, distributions decrease with increasing of energy.

» The parameters o of the a-n 3 fit of R vs n,, for n_,<55 at 0.9 TeV is a=0.64+0.07 fm, 7 TeV is 0=0.63+0.05 fm
and for n_,<70 at 13 TeV is 0=0.77+0.03 fm.
For multiplicity region n_,<70, the R values are systematically higher at 13 TeV than at 7 TeV.

» The R is a constant for n_,>55 at 7 TeV R=2.28+0.32 fm and for n_,>100 at 13 TeV R=3.35+0.08 fm.
The R is systematically higher at 13 TeV than at 7 TeV but in the error bars is in agreement.



K DEPENDENCE OF BEC PARAMETERS

ATL-COM-PHYS-2016-1621

(< 1 .4 B T 17 [ T T 1 [ T T l LI ] | L AR} ] T 1T [ T 17 I LI l T | o 5.5 T | —r | —T | —r— | N e o s o S B I N B
~ ATLAS Internal Dat 2015 5 1 £ - ATLAS Internal Data 2015 .
1-2:_ R;°"(Q), E fit, ;| < 2.5, Q > 20 MeV, p, 2100 MeV - « 55— RYUCP(Q), E fit, iy < 2.5, Q > 20 MeV, p_ > 100 MeV E
1= 4 (S=18TeVMB,n, >2 - Expofit — 4.5 A (5=13TeVMB,n >2  Expofit -
08: :i: ¥ Vs=13TeVHMT, n >100" - Expofit _ 4+ Y {s=13TeVHMT,n, >100 - Expofit —
e S, HMT — -1.15kt - = 2
E by, Mg =023 35E R,oHMT = 3 4¢-0-20kE
0.6~ Pl F = -
- . % - 3 -
0.4 O - - s
B k. — ( T + T,2) e e - _ 2-5:_ -~ E
- T — Ay — - —
0.2 2 A Ay — - MB — -0.21kt
- dyMB = 0,152kt 2F R13 = 3.0¢ :
0_ coa v e b v by b b e b v by g by 1.5 Coovv v by by v v e by v g vy |y

0 02 04 06 0.8 1 1.2 14 1.6 0 02 04 06 0.8 1 1.2 14 1.6
k; [GeV] k; [GeV]

» The A values are (trigger) multiplicity-independent within uncertainties at 13 TeV
» The R values increase with increasing (trigger) multiplicity region

» The A values decrease exponentially with k+

» The R values decrease exponentially with ky for HMT events
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K, DEPENDENCE OF BEC PARAMETERS AT 0.9 -13 TEV

EPJC 75 (2015) 10, 466; ATL-COM-PHYS-2016-1621

(< 1.4 | UL | I [ l | [ | I IR I | LI | I L | | [ l | [ | |
I ] | | 7_] T T | T 11 I L [ 11 I 11 I 171 I [ | 11 | l_
- 1 £ -

 of. ATLAS Imemal  Dam2009,2010,2015 3 & F amasinmemal  Damz2008, 2010,2015 -
- Ry (Q), Efit, n|<2.5,Q 220 MeV,p_>100MeV { 6 RYUCP(Q), E fit, 1| <2.5, Q > 20 MeV, p_>100MeV -
- B {s=900GeV,n >2 — Expo fit ] - ; _
11— g MW o GoTTOVMB G 32 o Epoft 5F | NEW S a2 =owel &
- 5 {§=7TeVHMT,n, >138 - Expofit B § [Sev IOV S8 e Sgoft o
e — L qn  ¥s =7 TeV HMT, n 2138 - Expo fit =
0.8 A [5-12TeV.MB, n >2 S il — A Vs=13TeVMB,n >2 ----- Expo fit il
- ¥ E=13TeVHMT,n_>100 - Exl;(mm - 4 % § BT T S B
B HMT—= -1.2 B - — *
o5k =0.23e12 1 | b e 7 TR TS fEbac
B . | y I e A g S a
0.4/~ R S —0.8e 0okt 2 el P R, HMT=3 4g-0.9k=
021 (B +Bro) AMB=111g15kr 1 T S : g
- = T " - =79g-1.1kr
O_I T T T 1 ||2| T }\409 | IlZIel cle e b | l— OBQ91|| [ llIlIlIlllIIll7Il |||9?1 [ 7]

0 02 04 06 0.8 1.2 14 1.6 0 02 04 06 0.8 1 1.2 14 1.6
k [GeV] k; [GeV]

» The amplitude of fit of AMB vs k. distributions is decrease from 1.2 to 0.23 with energy
Increasing.

» The slope of exponential fit of the R values vs k distributions decrease from 1.5 to 0.2 with
|nCE€(§§JQg Of energy LHC days in Belarus, Y.Kulchitsky 23



MULTIPLICITY DEPENDENCE OF BEC PARAMETERS FOR (N, K;) INTERVALS
) distribution at 13 TeV MB trlgger R distribution at 13 TeV

_""l""l'"'l""l""l ''''''' RERES T LS LI B IR S LR B i A
1.4 ATLAS Internal a ‘E-- 55_ ATLAs Internal 3
| Data, MC Pythia8 2015 \s =13 TeV MB i 45; Data, MC Pythia8 2015 1s =13 TeV MB =
1.2 R:(Q), Efit,Q>20 MeV - 4o PelQEfit.Q>20Mev 3
i O ky=100-200MeV E 5 %Q O Ky =100-200MeV =
rocosessss-s—rird | O ky=200-300MeV | 3.55— o _§_ E— | O ky=200-300MeV -
i : : & ==y 3 0T s4=T " ° = A k;=300-400 MeV —
ﬁﬁﬁgﬂgagg . i s ] T 9 ke :
0.8 =~ E@ . E B I - 2.5F ¢, 2% F RN =
T B S ] HE8%8 E
& . @j Lm | - ga =
0.6/ 458" 57 - ‘ B :
Or ﬁ', @B -l 1.5% _:
B ! ! ! | g 1= =
L B <~ R~ E =
0 50 100 150 200 250 300 350 40( 1)) TN IFFEI IR IPII IS I IS S
n, 0 50 100 150 200 250 300 350 40

c

» The A values are constant and decrease with k+ increasing
» The R values are decrease with k increasing
» The R values are increase as ~a-n.,'/® with multiplicity
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MULTIPLICITY DEPENDENCE OF BEC PARAMETERS
A distribution at 13 TeV I\/IB + HMT trlggers R dlstrlbutlon at 13 TeV
2 W8T rrvorrrrrrr T T T T T T T T = :"' e A AL R s e S R
| gb. ATLAS Internal ] = E ATLAS Interna :
" F Data, MC Pythia8 2015 \s =13 TeV : °F Data, MC Pythia8 2015 \s = 13 TeV E
L = e 2 : " 3
1.4: RYP(Q), E fit, in| < 2.5, Q > 20 MeV]| k; = 200 - 300 Mev| - 5F- RYF(Q), E fit, | < 2.5, Q = 20 MeV,|ky = 200 - 300 MeV =
1.2:— Good agreement between MB and HMT results 1 4;_ Good agreement between MB and HMT results 3
1 - : :
CLRRT S L 4 = 3f- -
0.8 : | 2 - 5
p— 1 — — —
0.6/ | = 21 =
: : &  Example for :
0.4 — - A MB data G
2 i et : 1E 200 < k+< 300 MeV e
0.2F v HMTdata - oE- L R T R &
| P PR T T B A (0 il i Sl Lo S Sl o 0 50 100 150 200 350 300
0 50 100 150 200 250 300 T F amasmema T £ N,
n = 45_ Data, MC Pythia8 2015 \s =13 TeV _E
- ch 3.5 %_ RY°F(Q), E fit. | < 2.5, Q = 20 MeV, ky = 200 - 300 MeV _;
» Good connection between MB and HMT results af ool
» The A values slowly decreases in dependence of multiplicity i -
» The R values increases as ~a-n.,'® with multiplicity for n, <100 1sf e :
] RTI s R ——— =
» The R are constant in dependence of multiplicity for n, >100 0_5‘5_ e
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MULTIPLICITY DEPENDENCE OF BEC PARAMETERS FOR (N CH? KT) INTERVALS - 11
) distribution at 13 TeV M rlgger R distribution at 13 TeV
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= = u
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Ly 7 Ky =500-600 MeV | ' 3 ~¢—-{r—_7 4 % ky=500-600MeV
08;— [ ¥r k; =600 - 700 MeV ) 3 %JA—_L . ; ;IT ¥ k;=600-700 MeV —5
i g ‘«l-» é *E} . ky=700-1000 MeV " 2.9F %Q,é*y 4 0 I ky = 700 - 1000 MeV
0.6%@ & *é‘_ﬁL Ky =1000 - 1500 MeV __ ) @,‘:i’-‘;‘%’g — ( ky = 1000 - 1500 MeV
r 5 _‘5— ] ARl =
[MM ! | T beg 3
o2t . 0.56 2
0"1L“1 llllllll Lacang [ iy e ] gl g4 1 0‘.1.11“.11,“11“,Ll,luluull.“llu:
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nch nch

» The A values are increase with multiplicity and decrease with k; increasing
» The R values are decrease with k+ increasing
» The R values increases as ~a-n_,'® with multiplicity
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MULTIPLICITY DEPENDENCE OF BEC PARAMETERS FOR (N, K;) INTERVALS
), distribution at 13 Tev  HMT trigger R distribution at 13 Tev

=] =R L I =
1.8 ATLAS Internal 4 £, 5F ATLAS Internal -
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» The A values are constant in dependence of multiplicity and decrease with k+ increasing
» The R values are constant in dependence of multiplicity and decrease with k+ increasing
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MULTIPLICITY DEPENDENCE OF BEC PARAMETERS FOR (N cir K1) INTERVALS (Conr.)
x dlstrlbutlon at 13 TeV HMT trlgger R dlstrlbutlon at 13 TeV

<2 | | T —E T SN DL e
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nC o ) ) )
» The A are constant in dependence of multfplluty and decrease with k+ increasing
» The R are constant in dependence of multiplicity and decrease with k+ increasing
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Ky DEPENDENCE OF BEC PARAMETERS FOR (Ngy, Ky) INTERVALS AT 7 TEV
- A distribution at 7 TeV MB trigger R distribution at 7 TeV
B P L e B B B L L B =

i ATLAS \s=7TeV | £ 350 ATLAS \s=7TeV
u - oc ~ ]
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k: [GeV]

k; [GeV]
» The A values are independent of multiplicity within uncertainties
» The R values increase with increasing multiplicity
» The A and R values decrease exponentially with k+
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K, DEPENDENCE OF BEC PARAMETERS FOR (N, K;) INTERVALS

A distribution at 13 TeV MB trig
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» The A values are independent of multiplicity within uncertainties
» The R values increase with increasing multiplicity
» The A and R values decrease exponentially with k+
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The effects similar to that observed
for 7 TeV (see Backup slides)
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K. DEPENDENCE OF BEC PARAMETERS FOR (N, K;) INTERVALS (Coxt)

- A distribution at 13 TeV ~ MB trigger R distribution at 13 TeV
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» The A and R values are independent of multiplicity within uncertainties
» The A and R values decrease exponentially with k+
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K DEPENDENCE OF

BEC

) distribution at 13 TeV MB + HMT tri

(< 1_4_ T I I I T T T l I T T | I I T | T T T I T T T | T T T | I T T | E‘
1.2~ R)°(Q), Efit, n[<25,Q>20MeV | O ntMT =101 - 110
- A N =111-120 -
11— g v niMT =121 - 130 —
) Good agreement between ]
0.8 MB and HMT results .
0.6 , -
E e — . ]
0.4_— E : L= =
0 B | 1 l 1 | - I | - 1 I 1 1 1 I 1 |- I | E | 1 l 1 L1 l | 1 B

20 02 04 06 0.8 1 1.2 1.4 1.6

k; [GeV]

» Agreement between MB and HMT results

» The A values decreases exponentially in dependence of k+
» The R values decreases exponentially in dependence of k;

27.02.2018

LHC days in Belarus, Y.Kulct

PARAMETERS

riggers R distribution at 13 TeV
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» The A and R values are independent of multiplicity within uncertainties

K. DEPENDENCE OF BEC PARAMETERS FOR (N, K;) INTERVALS

x dlstrlbutlon at 13 TeV HMT trlgger R dlstrlbutlon at 13 TeV
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» The A and R values decrease exponentially with k+
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K. DEPENDENCE OF BEC PARAMETERS FOR (N, K;) INTERVALS (Coxr)

1.6

x dlstrlbutlon at 13 TeV HI\/IT trlgger R distribution at 13 TeV
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» The A and R values are mdependent of multiplicity within uncertainties

» The A and R values decrease exponentially with k+

27.02.2018
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CONCLUSIONS

» ATLAS data taking in Run 2 is going very well. Good data taking
efficiency and Data Quality
» Arich set of new physics results:
**Evidence for Higgs bosons decaying to a pair of b-quarks
“*Evidence for Zt production, rate consistent with the SM
» A first study of Bose-Einstein correlations in pp collisions at 13 TeV
vConfirmation of the BEC radius saturation effect for high
multiplicity region. The feature for the first time observed by
ATLAS at 7 TeV
vEnergy dependence of A
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Status: July 2017

EXOTIC SEARCHES

ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits

ATLAS Preliminary

J£dt = (3.2 -37.0) fb™?

Ws =813 TeV

Model £, Jetst ET“ a3 | Lirmit Reference
— T T — T T .. T T — T T T T
ADD Guw + 2fq O e, u 1-4j s 361 Mg T.7T5 TeV n=2 ATLAS-COMF-201 7060
ADD non-resonant yy 2y - - 36.7 LS 8.6 TeV n = 3 HLE MLO CERM-EP-2017-132
ADD QBH — 2] - 37.0 Pl 8.9 TeV n=06 1703.09217
ADD EH high 3 o7 =1e. u =2 - 3.2 My, 8.2 TeV n = G, Mo = 3 TeV, rat BEH 1606.02265
AL BH multipet - = 3] - 3.6 L™ 29.55 TeW o — 6. Mo = 3 TaV, rot BH 151202688
RS1 G — 3¥ 2 — - 367 Grx mass 4.1 Tew WA = 0.1 CERM-EP-201 7132
Bulk AS Gy — VW — ggifv 1 e, m 1. Yoo 36.1 G Mass 1.75 TeW kM = L0 ATLAS-COMNF-2017-051
2UED / RPP 1 e, o =2k =3] Yes 13.2 KK mass 1.6 TeW Tier (1,1}, 2AFY 4 )y =1 ATLAS-COMNF-2016-104
SSM ZF" — £F 2ea,u — - 36.1 Z' mass 4.5 TeW ATLAS-COMF-2017-027
SSM ZF" — T 2T - - 36.1 Z' rmass 2.4 TeV ATLAS-COMF-2017-050
Leptophobic &7 — bb — 2b - 3.2 Z' mass 1.5 TeV 1603, 08781
Leptophobic &7 — &1 1e,p0 =1b =142 ves 3.2 ' mass 2.0 TeV rim= 3% ATLAS-COMNF-2016-014
SEM KT — v 1 e, pm — s 361 W mass H.1 TeW 1706, 04 788
= ggog m Oe.ir -5 = o = 3 mm)
HWVT V" — WH,/ZH model B multi-channsl B = ATLAS-COMF-201 70585
P T e, o TS I 141041
LASM W, — tb 0 e, u =1b 14 - 1408 0886
Cl gggq - 2j - 21.8 TeVW ., 1703.09217
Cl fifag 2 e, - - 40,1 TeW w7, ATLAS-COMNF-2017-027
S ot 20883 epw 21 b 21 ) Yes . ICrel = 1 1504. 04605
Axial-vector medialor (Dirac DM} 0 e, s 1—4]  wes 361 | oo 1.5 Tew £,=0.25, g, =10, miy) = 400 GV | ATLAS-COME-201 meu_)
“actor madiator (Dirac Dk} 0 e, g0, 1y = 1 igs 251 fq.-D-EE. =10, miy] < 480 GeW 1704, 03848
Visyy EFT (Dirac DN) e, 1T =1] “es 3.2 my) = 150 el 1608.02372
Scalar LG 15 gen 2 e = 2] = 3.2 L3 mass 1.1 Te¥ A=1 1640506025
Scalar LG 2™ gen 2p =2j - 3.2 LG mase 1.05 TeV F=1 1605.06035
Scalar LG 3™ gen 1 e, =l1hb =3 Yes 20.3 |tGmass 540 GeVW g=0 1508.04 735
VLD TT — M+ X Derle o =22b, =23) Yes 13.2 T mass 1.2 TeV BT s M) =1 ATLAS-COMF-2016-104
VLD TT — &t 4 X 1 e m =1b =3) Yes 36.1 T mass 1.16 TeV BT — Ze) =1 170510751
VLD TT — Wb+ X 1epm =1b =102 Yes 36.1 T mass 1.35 TeV BT — W) =1 CERMN-EF-2017-084
VLD BB — HB 4+ X 1 e, o =2b.=3] Yes 20.3 B — Hbe) =1 VEO5, 04 308
VLD BB — b+ X =z3 e, =2/>=1 b - 20.3 B —- Zh)y=1 1408 5500
VLD B8 — Wit - X 1e,ug =1b =142 wes 26.1 B mass 1.28 TeV BB — W) =1 CERM-EP-201 7-0594
VLD QO — Mighlig 1 e, pr =4j g 20.3 150904261
Excited quark q* — qg - 2j - 370 6.0 TeV anly u” and o*, A = m{g*) 1703.09127
Excited quark g — g 19 1j - 26.7 5.3 TeV onky o and o, A = g’ ) CERM-EP-2017-148
Excited quark &* — bg - Th 1| - 13.3 ATLAS-COMF-2016-060
Excited quark b* — Wit 1Tor2e.u 1b, 20] e 20.3 =M = fr=1 1510.02664
Ezxcited lepton 3o, - -— 20.3 A= 3.0 TeV 14112921
Excited lepton »* e, o, T — — 20.3 A — 1.6 TeV 14112921
LRSM Majorana v 2 e, pu4 2] - 20.3 W) = 2.4 TeW, no mixing 1506.06020
Higgs triplat M™% — F 2.3 4 e, o (SS) — - 36.1 DY production ATLAS.COMNF-2017-053
Higgs riplet M= — i1 e, T - - 20.3 DY production, BHF* — fr) =1 14112921
Monolog (non-res prod) 1 e, ib Yes 20.3 Bon—reg = 0.2 14105404
Multi-charged particles - - - 20.3 O production, |gl — 5« 150404188
Magnetic monapolas — — — 7.0 O production, |g| = lgo, spin 1/2 1509.08053
RN R A | M " M PR T | L M 1 N au a al M M M i
45 =13 TeV -1
- 10 1 10 Mass scale [TeV]

“Only a selection of the avallable mass limits on new states or phanomeana is showr.

T Small-radius (large-radius) jets are denoted by the letter j ().



RESONANCE SEARCHES (DIBOSON)

» Searches for new resonances decaying to a pair of W, Z or H bosons. At

the time of thnly the VH—qqgbb result was ready. Now:

- VV—qqqq/qqfv/qqflf/qqvv,VH—>qqbb/£vbb/££bb.

e Reconstruct merged jets at high pT for resonances at the highest mass,
using substructure techniques (‘boson-tagging’).

* No significant excess observed over the SM expectations.

 Set limits in framework of Heavy Vector Triplet (HVT) model*.
_*JHEP 09 (2014) 060, JHEP 01 (2013) 166

-_g 10 g T E :E-'I' 105 J‘;;_LASP E 105!-1 ,q'n_‘q_é T T |* Datal
iy rellmlnar\,f W F s _ ] " 1 ggF H 1 TeV (20 fb)
= ATLAS Prellmlnary 95% C.L. exclusion limits 3 2 g5 L V5 =13 TeV, 36,110 z 105f T Tf"r“r_;j*“ o C Zsjets
s=13TeV, 36.1 fb™’ — = WZ Signal Region (HP) E E y o =1 SM Diboson
= , is=1slev,s6110 . B‘ET rnoccijel B g, =3 = DY Category B Dibosons % 10“} agF cal. Btagged SR EED Top Quarks
= — serve = w0t I Z+jet #ez# Total Uncertainty
FT Ee BN ... aimim = Expected 3 = S| Poj:t-ﬁt uncertainty -
= - s QI . = .- HWT Model A W*
-l B | N w42 2000 GeV (x5)
= 1
107" = —=
T 5 10°
o o ]
S - 10
© 10 —=
= = 1 £ 1.
- = ; £ 1.
— — N S i
1072 — —] = 1.5F F 1
— = - o N S Sy o
Lo vov v b v b v o b v by v v by e ™ v b v v by 1y = 15-.,-.-.‘!1@4-‘\\\\?\\:;\ ;\\\\%:\\Q\\\;\%\\\\ s
0.5 1 1.5 2 25 3 35 4 45 5 B o050 + ’ Bosl-—-- oo ___]
My [TeV] 0.5 1 1.5 2 2.5 3 3.5 025 050 075 100 125 150 1.75
ATLAS-CONF-2017-051, arxiv:1708.09638 | My [Te\f] My [TeV]
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RESONANCE SEARCHES (yy, 1)

e Diphoton and ditau searches sensitive to new

heavy scalars, e.g. Higg

s bosons.

- ¥YY¥ search also targets spin-2 (graviton)
production with a dedicated selection.

- 7T searches sensitive to SUSY Higgs (H/A).

* No significant excess over the SM expectation.

ATLAS
\s =13 TeV, 36.7 fb™’
Spin-0 Selection
NWA (I', = 4 MeV)

Mass limits from yvy spin-0 search

E LI T ] T T T T T T T
E  —— Observed CL_ limit
= 102 = ---- Expected CL_ limit
& - [ Expected + 1o
= N Expected + 2o
= 10
1=
: | =
5 [
o
o 1
- —
— L
O [
o
S 107
il =

N L1
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Sl
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Data - fitted background

(510]

[ T T l T T T T
ATLAS Preliminary

Vs =13 TeV, 36.1 b - - Expected
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HiA — Tt 9536 CL limits +2a

I T T T T T T ]
ATLAS 2015 — Observed
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e GGeneric dark matter models te:sted with searches for
mono-jet/Y/Z/H(—yY¥/bb)+E+""°, with recoil against invisible

. g
dark matter particle(s). q
- Complementary to direct dark matter searches, and direct
searches for the mediator decaying to e.g. a pair of jets. Ja

* Phenomenology depends on mass of DM, mass of heavy
mediator and value and type of couplings. g

* No significant excesses over the SM predictions.

= L0 =~ O B N IS B DM Simplified Model Exclusions ATLAS Preliminary July 2017

o] ATLAS Preliminary & Dat= 2015+2016 = 12—71— L T . T T ke B
F=] 10° A “esss Standard Model = - ]
E Vs =13 TeV, 36.1 fb B Z(— vv) + jets E L - i -
= 10° = Signal Region . B Wi )+ jets @ r o3 |4 |4 ]
s p,(i1)=250 GeV, E’T" =250 GeV P Zi—s 1) + jets = U + | 1d 7]
n 10* B i + single top = L = | |4 ]
= I Dibosons = - = [« vy (= =
% 103 multijets + ncb 0.8 P -
= mib, $I°) = (500, 495) GeV - - 1
102 (m_ o M= (400, 1000} GeW - b
- ADD, n=4, M_-6400 GeVf 0 Eh T
10 T emmmamay B ]
1 [ S i ]
. S e e e R R 04l —
10 L ]
0.2+ —
| ErTrissn— 1 n

0-8 L 1 L L L L 1 1 L
300 400 500 600 700 800 900 1000 1100 1200 0 0.5 1 1.5 2 2.5 3
ET* [GeV] Mediator Mass [TeV]
ATLAS-CONF-2017-060

27.02.2018 LHC days in Belarus, Y.Kulchitsky

= Dijet
1= =13 TeV, 370 Ib”"
arXiv: 170309127 [hep-ex]
— Dijet 8 TeV
V= =8 TeV, 203"’
Phys. Rey. 0. 81 0S2007 (2015)
— Dijet TLA
Vs =13 TeV, 3.4 1™
ATLAS-CONFE-2016-030
~ Dijet + ISR

f==13TeV, 1551
ATLAS-CONF-2016-070

— pEmiss
Er "+
V= = 13 TeVv, 36.1 ib”’
Ewr. Phy=_.J. C 77 (2017} 363
—_— miss
ErT +jet
V= = 13 TeV, 36.1 b’
ATLASCONF.Z2017-.080

= ETTt+Z

1= = 13 TeV, 36.1 b
ATLAS-CONF-2017-040
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SEARCHES FOR SUPERSYMMETRY

ATLAS SUSY Searches™ - 95% CL Lower Limits ATLAS Preliminary

simplified modeis, c.f. refs. for the assumptions made.

Mass reach searches for Supersymmetry. Only a representative selection of the available results is shown.

May 2017 -\/E=7, 8, 13 TeV
Model e, T,y Jets ED [rdam™] Mass limit Vi=7,8Tev | Vs=13TeV Reference
MSUGRA/CMSSM 03 e, u/1-27 2-10jets/3 b Yes 20.3 G E 1.85 TeV m{g)=m(g) 1507.05525
a4, q_n;a”ro (4] 2-6 jets Yes 36.1 m(EY) <200 GeV, m(1% gen. §)=m(2" gen. g) ATLAS-CONF-2017-022
[ 4, G—g¥; (compressed) mono-jet 1-3 jets Yes 3.2 m(g)-m(¥])<5 GeV 1604.07773
I= B3, g—;qqx‘,’ ] 2-6 jets Yes 36.1 m(¥])<200 GeV ATLAS-CONF-2017-022
e BB, B—qgag¥l _.quixl o] 2-6 jets Yes 36.1 m(E]) <200 GeV, m(¥*)=0.5(m(E] )+m(z)) ATLAS-CONF-2017-022
‘ﬁ gz, g—'qq(ft’fvv)h Beu 4 jets - 36.1 m(¥])<400 GeV ATLAS-CONF-2017-030
B8, B—qqW. o 7-11 jets  Yes 36.1 m(E7) <400 GeV ATLAS-CONF-2017-033
% GMSB (£ NLSF’) 127+ 0-1 ¢ 0-2jets Yes 3.2 1607.05979
= GGM (bino NLSP) 2y - Yes 3.2 eT(NLSP)<0.1 mm 1606.09150
E GGM (higgsino-bino NLSP) Y 146 Yes 20.3 F3 1.37 TeV m(E])<950 GeV, cr(NLSP)<0.1 mm, u<0 1507.05493
— GGM (higgsino-bino NLSP) v 2 jets Yes 13.3 m(¥])>680 GeV, er(NLSP)<0.1 mm, u>0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,u(Z) 2 jets Yes 20.3 z 900 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet Yes 20.3 FY2 scale 865 GeV m(G)=>1.8 x 10~* eV, m(z)=m(g)=1.5 TeV 1502.01518
§8 :zz g—>bbx 1 o} 3b Yes 36.1 m(E])<600 GeV ATLAS-CONF-2017-021
QE g%, g—1T¥) 1, 0-1 e, p 3b Yes 36.1 m(EY)<200 GeV ATLAS-CONF-2017-021
=, w0 33 3obit: 0-1e,pu 35k Yes  20.1 1.37 TeV m(E})<300 Gev 1407.0600
@ B1By. by —bE] 25 Yes 36.1 — m(E)<420GeV B ATLAS-CONF-2017-038
= g B1by, By —1¥] 2e,u (S8) 1& Yes 36.1 - 275-T00 GeV m(¥7) <200 GeV, m(¥})= m(¥])+100 GeV ATLAS-CONF-2017-030
f1f1, f1— 0-2e.pu 1-2 b Yes 4.7/13.3 tl 117-170Gev | 200-720 GeV m(ET) = 2mEY), m(¥})=55 GeV 1209.2102, ATLAS-CONF-2016-077
§'§ fAf, A —>be° or %9 0-2e,u D-2jets/1-2 b Yes 20.3/36.1 I 90-198 Gev  205-950 GeV m(E)=1 GeVv 1506.08616, ATLAS-CONF-2017-020
S nf, h— 0 mono-jet  Yes 32 |&A  90-323 GeV m(F)-m(E])=5 GeV 1604.07773
= g f1f (natural GMSB) 2e.u(Z) 16 Yes 20.3 i3 150-600 GeV m(¥1)>150 GeV 1403.5222
E 5 hkbh.hoh+Z Be,u(Z) 15 Yes 36.1 72 ~ 290-790 GeV m(E7)=0 GeV ATLAS-CONF-2017-019
fafa, a—f + R 1-2e,u 4b Yes 36.1 72 ~ 320-880 GeV m(¥7)=0 GeV ATLAS-CONF-2017-019
L rELR. F— 9 2e.pu o] Yes 36.1 m(¥E])=0 ATLAS-CONF-2017-039
X1XT, X] —Ev(E) 2e.pn o Yes 36.1 m(E7)=0, m(Z, ¥)=0.5(m(¥7 )+m(E)) ATLAS-CONF-2017-039
TR IS, X stv(rv), X3 oar(vi) 27 - Yes 36.1 m(E])=0, m(%, #)=0.5(m(¥T }+m(¥])) ATLAS-CONF-2017-035
= x*x HgLyeLg(w), EVELE(TV) Seyu o Yes 36.1 m(ET)=m(¥3), m{FT)=0, m(Z, #)=0.5(m(¥7)+m(¥))) ATLAS-CONF-2017-039
i = x*x Wiy th 23e.u 0-2 jets Yes 36.1 m{¥; )=m(¥2), m(¥])=0, ¥ decoupled ATLAS-CONF-2017-039
= Xi).’&—)W)(l hXY, h—bb/WW/TT/vy e,y 0-2 b Yes 20.3 270 GeV mEET)=m¥3), m(¥})=0,  decoupled 1501.07110
2X3, Xz 3 —fRf 4 e pu [¢] Yes 20.3 mEED)=m(ES), mEED)=0, m(Z, $=0.5(mE2)+m(E])) 1405.5086
GGM (wino NLSP) weak prod., ¥0 —yG 1 e.u4 + ¥ - Yes 20.3 115-370 GeV cr<1mm 1507.05493
GGM (bino NLSP) weak prod., X —yG 2y - Yes 20.3 er<1mm 1507.05493
Direct ¥1.%7 prod., long-lived ¥7 Disapp. trk 1 jet Yes 36.1 m(ET )-miET)~160 MeV, T(¥;)=0.2 ns ATLAS-CONF-2017-017
Direct ¥1.%; prod., long-lived ¥7 dE/dx trk - Yes 18.4 m¥})-m(E])~160 MeV, T(¥i)<15 ns 1506.05332
« Stable, stopped g R-hadron o 1-5 jets Yes 27.9 m(¥7)=100 GeV, 10 us<7(g)<1000 s 1310.6584
= % Stable g R-hadron trk - - 3.2 1606.05129
?- Metastable g R-hadron dE/dx trk - - 3.2 m(¥])=100 GeV, r>10 ns 1604.04520
S E_ GMSB, stable 7, ¥1—%(z, mr(e, 1) 1-2 4 - - 19.1 10<tang<50 1411.6795
= GMSB, ¥! —»yG, long-lived ¥ 2y - Yes 20.3 1<7(¥9)<3 ns, SPS8 model 1409.5542
BE. X?—»eev eV /g displ. ee/ep/pp - - 20.3 7 <er(Fi)< 740 mm, m(g)=1.3 TeV 1504.05162
GGM gg, ¥} —»ZG displ. vix + jets - - 20.3 6 <er(F])< 480 mm, m(g)=1.1 TeV 1504.05162
LFV pp—¥, + X, ¥r—eu/et/ut EH.ET UT - - 3.2 A4,,=0.11, A132/133/233=0.07 1607.08079
Bilinear RPV CMSSM 2 e, 1 (SS) 0-3 b Yes 20.3 m(g)=m(g), cTesp<1 mm 1404.2500
XTRT. T =W, B —eev. epv, puv 4e,u - Yes 13.3 mEY)>400GeV, A;2:#0 (k = 1,2) ATLAS-CONF-2016-075
- X’fff,jf—rwll’;l,i’é—»me,mf Bepu+r - . Yes 20.3 mEY)>0.2xmFT), A133#0 1405.5086
= 28 8999 0 4-5 large-R jets - 14.8 BR(#)=BR(5)=BR(c)=0% ATLAS-CONF-2016-057
o BB, B—qq¥i. X" — gqq 0 4-5large-Rjets - 14.8 meE})=800 Gev ATLAS-CONF-2016-057
8B, B—1iX1, X — qqq 1ep 8-10jets/O-45 - 36.1 meEl)= 1 TeV, A112#0 ATLAS-CONF-2017-013
BZ, B—i1, 1) —bs 1e,u 8-10jets/O-4b - 36.1 m(fi)= 1 TeV, A323#0 ATLAS-CONF-2017-013
f1#y, i1 —bs o] 2jets+2 b - 15.4 [450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
0, h—bt 2epn 2b - 36.1 2 - 0.4-1.45TeV BR(# —be/u)>20% ATLAS-CONF-2017-036
Other Scalar charm, é—ct) o 2c Yes 20.3 e 510 GeV m(¥7)<200 GeV 1501.01325
N N . L L PR | " N X L N
*Only a selection of the available mass limits on new states or Y
phenomena is shown. Many of the limits are based on 10 1 Mass scale [TeV]



OVERVIEW

The focus of ATLAS is high-p+ physics, and also provides a window onto important soft QCD processes.
These have intrinsic interest but also the understanding of underpins searches for new physics.
Task »Bose Einstein Correlations

RESAM Vot
RESMMM X | ’:,.:-f-
R = 443MM N .
R = ZAMM ’,:-:p;;, s
ATLAS Inner Detector (ID) main tracking device: GEAN
Consists of Pixel, Silicon strip (SCT) and drift tube (TRT)
detectors. Single hit resolution between 10 um (Pixel) and 1 R = 12254
pum (TRT). New: Insertable B-Layer (IBL) in the Pixel & gty
27.02.2018 LHC days in Belarus, Y.Ku 14 R = 332MM

R = OMM



INNER DETECTORS (ID)

ATLAS tracking detectors: S W
( R=1082mm Pixels, SCT & TRT | s

o

TRT <

L R = 554mm
[ R=514mm

R = 443 _
scr{ = O New innermost 4-th layer for the
i Pixel detector
S RN, [IBL = Insertable B-Layer]
O Required complete removal of the
» ATLAS Pixel volume
{ R = 122.5mm —— - Phels O IBL fully operational
Pixels { R=88.5mm 2
2 3325 New Be beam pipe

R=0mm

Two times better tracks impact parameters resolution at 13 TeV!
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MINIMUM BIAS TRIGGER SCINTILLATOR

24 independent wedge-shaped plastic scintillators (12 per side) read out by PMTs,

2.08<n|<3.86* -
”~§\___ i \...!,%; _‘ I P_seudorapldlty IS

— defined as n = -%

In(tan (6/2)), O Is
the polar angle with
respect to the beam.

2.76<|n|<3.8

> Designed for triggering on min bias events, >99% efficiency
» MBTS timing used to veto halo and beam gas events

» Also being used as gap trigger for various diffractive subjects
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MINIMUM-BIAS AND HIGH MULTIPLICITY TRACK TRIGGERS

» For these analysis the events collected with Minimum-bias (MB) trigger named
as HLT noalg mb L1IMBTS 1 were used.
 This trigger required at least one hit in one of the 12+12 sectors (A and C
sides) of the MBTS detector.

v" Integral Luminosity ~151 ub~?; Statistic: 9.6x10° events with 2.8x108 tracks

» For these analysis the events collected with High multiplicity track (HMT)
trigger named as HLT mb_sp900 trk60 _hmt L1IMBTS 1 1 were used.
L High-multiplicity track (HMT) events were collected at 13 TeV using a
dedicated high-multiplicity track trigger:
“» requires more than 900 SCT space-points,
s more than 60 reconstructed good quality charged tracks with
p+>0.4 GeV associated with the primary vertex.

v" Integral Luminosity ~8.4 nb™!; Statistic: 9.1x10° events with 9.8x108 tracks
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MOTIVATION FOR BOSE-EINSTEIN CORRELATIONS

»Bose-Einstein correlations (BEC) represent a unique probe of the
space-time geometry of the hadronization region and allow the
determination the size and shape of the source from which particles
are emitted.

»Studies of the dependence of BEC on particle multiplicity and
transverse momentum are of special Interest. They help In the
understanding of multiparticle production mechanisms.

>High-multiplicity data in proton interactions can serve as a reference
for studies in nucleus-nucleus collisions. The effect Is reproduced In
hydrodynamical and Pomeron-based  approaches for hadronic
Interactions where high multiplicities play a crucial role.
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BOSE-EINSTEIN CORRELATIONS AND HANBURY BROWN -TWISS INTERFEROMETRY

Bose-Einstein correlations (BEC) are often considered to be the analogue of the
Hanbury Brown and Twiss effect in astronomy, describing the interference of

Incoherently-emitted identical bosons.

Intensity interferometry of photons in radio-astronomy: measures angular diameter of two stars, so
the physical size of the source

i di2 - 5
e - e , 2 ‘ C(d) (I1 12)
' =5y TN | <1<
.t 7 = x, Y, X5 Yo
L
| =7+Acos(d,g)
V- dpg = MO
= 1tensities, <x> - averaging over random phases
A is the wavelength of the light, 6 = d, /L

Varying d,g one learns the angle, and using the individual wave vectors, the physical size of the source
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EVENT CORRECTIONS

We correct the events on: 1
w(n) =
The tri - gtrig (n)°gvert(n) : -

e trigger efficiency — g,(n), The vertex reconstruction efficiency — g, (n)

TS 1_I_ L — _I — o N L L '
2 == S = —
Q@ i —— 1§ : ]
.9 0.99__ —_ -E 0-98__ —_— .
% . | 1 = - ]
- - 1 © 0.96F —
g, 0.98- 1 X - ]
o) - W 1 O 0.94- —
- B ata ] . - Dat .
= 097k 1 2 o092F s Data ]
:_+_ ATLAS Intemal i 0 9:_ ATLAS Internal e
! Ys=13 TeV . I ]
0.96¢ S22, p_ > 100 MeV, J| <25 - - Vs=13 TeV -
B ] 0.88 ng’ 22, p,>100MeV, [n] <2.5 —
P R A BT R R RS S RS I 0_85:_ _:
0'952 4 6 8 10 12 IS RS SIS S |

nno-z 2 3 4 3}

sel nnﬂ-z
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DAT/A SA&MPLES Information from

ATL-COM-PHYS-2015-1379 p.51

Run u Events in MinBias Stream | LIMBTS_1_1 Prescales | sp900_trk60 Prescales
267358 Low p 8.6 20.9 millions 2 Minimum-Bias trigger
267359 123 ot triggers 2 Events: 9.6x106:
267360 125 LB:294-296, 100  Tracks: 2 8x10°

LB:297-444, 1 | 1 |
267367 17.1 LB:328-329, 100 1
o LB:330-393, 1 1
206.4 millions L.B:393-396, 200 1
of triggers LB:397-399, 2 High Multiplicity Tracks trigger
LB:400-405, 10 Events: 9.1x10°;
LB:406-420, 4 Tracks: 9.8x108
L.B:465-500, 3 1
LB:502-505, 3 1
267385 71.2 LB:241-584, 3 1
LB:870-908, 1 1
LB:910, 1 1
267599 105.6 LB:289-482, 1 1
L.B:483-495, 1.9 1
L.B:496-500, 1.4 1
LB:501-1130, 1 1
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This data canb& Used for pile-tp study for runs with higher
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Mean number of tracks (pile-up tracks) per event: MB — 26 (0.0005) tracks/event; HMT — 108 (0.01) tracks/event >

FOR HMT AND MB EVENTS

The distribution of the distance between Z
coordinates of Primary Vertex and Pile-Up

1 Vertexes for MB and HMT events for Data
{ (left) and Data corrected on MC (right)

For MB events the number of pile-up

1 vertexes in the Primary Vertex (PV)

region =4 mm is ~520 after correction on
MC, and the number of tracks in Pile-up

-Jvertex is 9.4. Therefore the fraction of

pile-up tracks in MB events is 0.002%

For HMT events the number of pile-up

3 vertexes in the Primary Vertex (PV)

region £4 mm is ~4150, after correction
on MC, and the number of tracks in Pile-
up vertex is 23. Therefore the fraction of
pile-up tracks in MB events is 0.01%

We can conclude that mean number
of pile-up tracks per MB or HMT

50 event is negligible
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The closure tests for C,(Q) correlation function of Pythia8 A2
datasets at 13 TeV MB events for multiplicity region 2 <n, <
and HMT events for multiplicity region 91 < n, < 300 built using
the unlike-sign pair reference sample.
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CORRELATION FUNCTION

Un-closure between &

for reconstruction

efficiency correction o.ss

important only for
smallest k; region
from 100 to 200 MeV

and high multiplicity®®[

region n,,>60 on the
level up to 2%.
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1.05}

— AT.LAS Internal —
[ MC /s=13TeV,p_ 2100 MeV, [n| <2.5,Q =20 MeV

| 100 MeV <k, < 200 MeV

* CIM(Q)
o CF(Q), with &
o C:‘[QIrons

Only for 100<k;<200 MeV and n,>60

The differences between the particle level distributions
and the reconstructed distributions after unfolding are

assigned to the full error for bins of R,(Q) correlation
functions and included in the final fitting error of the
LHC days in Belarus, \BE@slparameterS
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MINIMUM-BIAS EVENT SELECTION CRITERIA

Events pass the data quality criteria (“good events”: all ID sub-systems nominal cond.,
stable beam, defined beam spot)

» Accept on signal-arm Minimum Bias Trigger scintillator,

» Primary vertex (2 tracks with p>100 MeV),

» Veto to any additional vertices with >4 tracks,

» At least 2 tracks with p>100 MeV, |n|<2.5,

» At least 1 first Pixel layer hit & 2, 4, or 6 SCT hits for p>100, 300, 400 MeV respectively,

» IBL hit required if expected (if not expected, next to innermost hit required if expected),

» Cuts on the transverse impact parameter: |d,®4<1.5 mm (w.r.t beam line),

» Cuts on the longitudinal impact parameter: |Az,SINO|<1.5 mm (Az, Is difference between tracks
Z,and vertex z position),

> Track fit ? probability >0.01 for tracks with p->10 GeV.

Correct distributions for detector effects:
» Where possible the data used to reduce the MC dependencies
» Monte Carlo derived corrections for tracking

27.02.2018 LHC days in Belarus, Y.Kulchitsky 54



TRACK RECONSTRUCTION CORRECTIONS

Performed corrections on:

1. The reconstruction track efficiency — € (pt,n),

2. The fraction of non-primary (secondaries and fake) tracks — fnon (pt,m),

3. The fraction of tracks for which the corresponding primary partlcles are outside the kinematic range — f,,.(pt,n),

4. The strange barion tracks — f , (pt,n), (1 oo (Po7) = Foe (P 77) - fsb(pt’,?))
We use the formula, as earlier and as in MB studies: W, (P, 77) =

(P, 7)
= 1.2 —— e — =
= ATIE AS Simulation Intermal n = AT AS Simulation Imtermal
i Ve = 13 Tew = Mindimum Bias MC = = = 13 Tea'\w == rAimiry L Bias R
_— Mo, =2 p_ = 100 MeV. ol = 2.5 3 . £ A =2, p_ = 100 MeV, |l = 2.5
- [= =3
R S — - =
= [ ] =
= 0.5 = - =
] 7 [
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THE PHASE SPACE CORRECTION
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Figure 16: The out of phase space correction (OOPS) in pr and 7 bins (left) and the systematic uncertainty on the out
of phase space correction fractions (b). The systematic is made up of several contributions added up in quadrature,
where each contribution is calculated as the difference in migration fractions between samples (see body text for
further explanation).
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FAKE TRACK CORRECTION
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Figure 9: The fraction of fakes after applying the full event selection (see Section 3) as a function of pr (left top) or
rp (right top) and the two-dimensional dependency of pr and np (bottom). The fraction is below 1% and therefore
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STRANGE BARYONS
» Particles with lifetime 30 ps <t <300 ps are no longer considered primary particles in the
analysis, decay products are treated like secondary particles.
» All of these particles were strange baryons: with low reconstruction efficiency (<0.1%) and
large variations in predicted rates lead to a model dependence
» Primary partlcles have t > 300 ps
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The fraction of strange baryons in generated particles as a The fraction of reconstructed tracks coming from strange
function of particle p; as predicted by various generators. baryons as a function of track p; as predicted by PYTHIA8 A2.
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MULTIPLICITY UNFOLDING

MB unfolding matrix

» Multiplicity unfolding is the same like for Minimum-bias analysig.,
» For High multiplicity track events the Multiplicity unfolding matrix,f
additionally included the MC with filters: more 120, 160, 200 ool

UM;_ ggt’.JtIlSZ— 1503
3405— =0 \w\ ;
3202— oos 100:
mz_ EntriiMatrix _profile - ma;_ I s0f- r
260 — Mean 185.5 n Entries = 88 B
sa0 - Std Dev 19.52 B Mean 182.5 o . 1 T T B
= ¥Z | ndf 76.82 /66 002 — Std Dev 19.69 200 250 300
20 ;_ p? 1 g‘;;gfo%lﬁ E ﬁf"df 0.07306 ?d%%i]gg . . oo
|- : S b et —0oo0is6s:: 00000043 MB + HMT unfolding matrix
180 = - £300
— 160 180 200 220 240 260 y 140 160 180 200 220 240 260 N -
. - e . . . ) 350 - B Egies; z«f:: g
For high multiplicity region ng, >140 with WF = = r
small statistic the calculation of mean and ..t 5 i B
RMS/ng, of unfolding matrix were done =t - #  Small statistic for
and used for calculation of unfolding N = HMT region
matrix for high multiplicity region 1 P T T
o 150 200 250 300
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Z0OOM OF INCLUSIVE R, DISTRIBUTION
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Three bump regions because MC

underestimated or overestimates:

1) n—on*rn® and n’—ntry;

2) o—ntnnl and p—rt,

3) fon'm;

The excluded regions at 13 TeV

1) 0.2-0.3 GeV — not important
after non-closure correction;

) > excluded 2) 0.4-0.9 GeV — important;
R

3) 1.0-1.16 GeV (only for
2<n <40 and 100<k;<200
MeV) — not important for BEC.

R,=C,d@/CMC =N . =/N,-** Ny,c"/Ny.."~ The excluded regionat 7 TeV was

27.
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HOW COMES THAT THE P- AND (- MESONS ARE SO BADLY MODELED?

1. There are not MC, which is in agreement with all charged-particle
distributions at 0.9 — 13 TeV.

2. The MC description of resonances are not so badly in scale of MC
description of charged-particle distributions.

3. In R, correlation functions the ratio of experimental N, t0 MC Ny,*
unlike sign particles distribution are used:

R;=C,%/C,ME = N ™/Nc™ Ny /Ngata ™

4. One can see In Figure on previous page that MC little bit underestimate -
meson and little bit overestimate p-meson. We excluded region of these mesons
because of small statistical errors and therefore large y2/ndf for this region.

5. The situation as we have in our analysis iIs standard for similar analysis at
other energies.



INCLUSIVE R, DISTRIBUTIONS

Inclusive MB two particles R, correlation function
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long-range correlations

Studies of one-dimensional BEC effects in pp

Kulchitsky

collisions for p>100 MeV and n| < 2.5 at 13 TeV



COULOMB

where N...(Q) is the measured distribution, N(Q) is the distribution free of Coulomb correlations.
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Comparison of the same C,(Q) function: blue — primary data C,(Q),

red — C,(Q) corrected to Coulomb correction
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CORRECTION

The measured N(Q) distribution for like or unlike signed particle (track) pairs in presence of the Coulomb interaction is given by:

Sommerfeld parameter n

N neas (Q)= G(Q)N(Q)
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OHP (MIX) AND UCP REFERENCE

E SAMPLES: K

The two-particle correlation function C, (Q) for different k intervals using the opposite-nemisphere reference sample for
data (red) and MC (blue)

Artificial peak inC, in BEC region

Small BEC peak for Rf, OHP
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To note is that the slope in the MC can be explained by the fact that MC is tuned to the data and so BE- o o s o e e s e e ow e e e B ow o e T e 0 e g Eo
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reflects different dynamical constraints, but MC has no possibility to reproduce a peak at small Q as in
the data but shows a broad enhancement.. The additional correlations in large multiplicity intervals
seem to be due to multi-jet events in MC where the correlations between particles within the same jet
can contribute to the region of low-Qs. In this case, the single-ratio C,(Q) correlation function
numerator contains contributions from multi-jets, while the denominator does not have this effect as

no correlations are expected in randomly paired particles.

ulchit

k+ [GeV]

Disadvantage for OHP/MIX: violation of energy-
momentum constraint, event topology, dest6roy|ng
Twer features such as non-BEC etc.



INCLUSIVE R, DISTRIBUTION FOR P>100 MEV: 2 < Ny

x° Vs Q distribution Exponential fit results comparison for R,
25()"'I"'I"'I"'l"'|"'|"'l"'|"'

- ' ! — 22 1 T T 7 117 1 1T 1 1 1T T
~ ATLAS Internal 1 0 - -
200 — Data, MC Pythia8 2015 Vs =13 TeV = ~a B =
- Q =20 MeV, p_ =100 MeV, n__ =2 - s 2__ ATLAS Intemal ]
150— ] B g |
- 3 =] i ; = _
.M Y R v x Data, MC Pythia8 2015 {s = 13 TeV
100/ P | - . .
= - - > > > o
sal: E 18— Q220MeV, P, >100 MeV, n_ >2 .
Oi:’* oot T 5 T T o R=2852+0015]m] R=2881+0023(m] o Ry(Q) 4
o » =+ excluded : 1.6 L=08520007  A=0807:0012  _— E fit >
50,6204 606 08 1 12 914 16 18 2 y¥indf = 465/58 yéndf = 71/43 — Efit 12<9
_ _ _ _ Q [GeV] 1 4‘ » X o
Comparison of C2 and R, distributions . 4
e . : :
1.aF ATLAS Internal E 1.9 o
TE Data, MC Pythia8 2015 Vs = 13 TeV 7 T -
1.6— Q =20 MeV, p_ =100 MeV, n__ =2 — B &
= - G E ~ "
1.4 f:. e MC C;’CP = 1_
1.2 :—’2 « RYCF _: B
13 0.8
0.8 ~ 0
O6—, ., ., . oy —
(o) 0.5 1 1.5

s, Y.Kulchitsky

9)
D
0
S



TYPICAL TWO-PARTICL

MB two particles R, correlation function

E R,

CORRELATION

FUNCTIONS

HMT two particles R, correlation function
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long-range correlations

Studies of one-dimensional BEC effects in pp
collisions for p>100 MeV and n| < 2.5 at 13 TeV
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FIT RESULTS FOR BEC PARAMETERS AT 13 TEV

The fit results of the BEC parameters R and A dependence on the multiplicity,

nch’

and the transverse momentum of the pair, k;, for different functional forms and for
different data samples at 13 TeV. The errors represent the statistical and systematical

uncertainties.

BEC Fit 13 TeV
param. function Minimum-bias events High-multiplicity track events
R(n.y) ayng [a=0.77£0.02+0.02 im (n <70)] —
B B=335+0.03+0.07 fm (ng = 100)
Alng)  |ye o y = 1.01 £ 0.01 +0.02
d = 0.0011 + 0.0001 = 0.0002
R(kT) Ee | £=295+0.31+0.10 fm £=342+0.19+0.01 fm
k=0.21+024+0.13 GeV~!| same [x=0.20+0.12+0.03 GeV~!
Alkr)  |pe™ | p=1.15+0.09+0.01 u=1.23+0.10 +0.01

v =1.22+0.19 +0.07 GeV~'

similar

v=1.15+021+0.09 GeV~'

27.02.2018
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FIT RESULTS FOR BEC PARAMETERS AT 0.9 -7 TEV

The fit results of the BEC parameters R and A dependence on the multiplicity, ng,
and the transverse momentum of the pair, k;, for different functional forms and for

different data samples at 0.9 —7 TeV. The errors represent the quadratic sum of the
statistical and systematical uncertainties.

BEC Fit 0.9 TeV 7 TeV
param. function Minimum-bias events High-multiplicity events
R(nen) aynen = 0.64 £0.07 fm (ncn <82)] [a=10.63 £0.05 fm (nq, < 55) —
— 5 =228+0.32 fm (ne > 55)
Ana) [ye " 4 =1.06+0.10 v = 0.96 £ 0.07
0 = 0.011 £ 0.004 0 = 0.0038 £ 0.0008
R(kr) |€e ™ T| ¢=264+0.33 fm £ =288+ 0.27 fm ¢ =3.394+0.54 fm
k=148 4+0.67 GeV ' k= 1.05+0.58 GeV ! k=0.924+0.73 GeV~*
k) |pe " T 4 =1.20+0.18 p=1.12+0.10 1=0.75+0.10
v =2.00+0.35 GeV " y=1.54+40.26 GeV " v =0.9140.45 GeV "

27.02.2018 LHC days in Belarus, Y.Kulchitsky 72



SYSTEMATIC UNCERTAINTIES FOR BEC AT 0.9 - 7 TEV

EPJC 75 (2015) 466

 The systematic uncertainties of the inclusive Bose-Einstein correlation parameters, R (the effective
radius parameter of the source) and A (the strength of the effect parameter), of the fit of R,(Q)

correlation functions with exponential model are summarized in the Table.

 The systematic uncertainties are combined by adding them in quadrature and the resulting values are
given in the bottom row.
1 The same sources of uncertainty are considered for the differential measurements in n, and the
average transverse momentum k; of a pair, and their impact on the fit parameters is found to be
similar in size.

27.02.2018

0.9 TeV T TeV 7 TeV (HM)
Source A R A R A R
Track reconstruction efficiency 0.6%  0.7% 0.3% 0.2% 1.3% 03%
Track splitting and merging negligible negligible negligible
Monte Carlo samples 14.5%  12.9% 7.69% 10.4% 5.19% RB.A4%
Coulomb correction 2.6% 0.1% 55% 0.1% 3.7%  0.5%
Fitted range of Q 1.0%  1.6% 1.6% 2.2% 5.5%  6.0%
Starting value of @ 0.4%  0.3% 0.9% 0.6% 0.5% 0.3%
Bin size 0.2% 0.2% 09% 0.5% 4.1% 3.4%
Exclusion interval 0.2% 0.2% 1% 0.6% 0.7% 1.1%
Total 14.8% 13.0% 9.6% 10.7% 94% 10.9%

e o A W 7 o
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COMPARISON WITH OTHER EXPERIMENTS
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Ratio

COMPARISON OF MULTIPLICITY RESULTS WITH ONE EXCLUDED REGION 0.5 - 0.9 GEV

A ratio
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MULTIPLICITY DEPENDENCE OF BEC PARAMETERS FOR DIFFERENT MC
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Ratio

A ratio

COMPARISON OF K RESULTS WITH ONE EXCLUDED REGION 0.5 - 0.9 GEV
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Three bump regions because
MC underestimated or
overestimates:

1. n—n*na® and W’ -y,
2. o—7nrrn and p—wt,

3. f,—n'm;

The excluded regions at 13
TeV are

1.0.2-0.3 GeV —not
important after non-closure
correction;

2.0.4-0.9 GeV — important;
3.1.0-1.16 GeV (only for
2<n <40 and 100<k;<200
MeV) — not important for
BEC.

The excluded region at 7 TeV

IS 0.5-0.9 GeV.

BEC parameters are in a

good agreement in error

bars but ¥?/ndf more higher
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MULTIPLICITY DEPENDENCE OF A AND R BEC PARAMETERS AT 0.9, 7 TEV
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» The slope of A increase with energy mcreasinf;h

» The R are energy independent within the uncertainties
» The A exponentially decrease with multiplicity

EPJC 75 (2015) 466
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Good Agreement with
CMS & UA1

» R of the a-n ' fit for n_,<55: 0.9 TeV is a=0.64 #0.07 fm, 7 TeV is @=0.63 #0.05 fm
» R is a Constant for n ,>55 at 7 TeV R=2.28 #0.32 fm observed for the first time
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THEORY PREDICTION FOR R PARAMETER OF BEC

V.A.Shegelsky, et al, Pomeron universality from identical pion correlations at the LHC, Phys.Letter B703 (2011) 288.
M.G.Ryskin, V.A.Shegelsky, Nucl.Phys B219 (2011) 10.

= N 'E‘ | | | | ' . I . | | :

/:\ |2 = ‘; 4 ATLAS Intemnal 0R" Q) -

: — a B B Data, MC 2009, 2010 & 2012 « Rgm{l]} E

| \; [ B o H;Tev HHT{Q]

: B \& B B multi-Pomeron .

1 —— = E

(a) (b) (c) 4‘%:::‘_ :
—— -

The ladder diagram for one-Pomeron exchange; (b) cutting one-Pomeron
exchange leads to the multiperipheral chain of final state particles; (c) a multi-
Pomeron exchange diagram.

Interpretation: » The BEC radius for one parton-
parton interaction (underline events, cut Pomeron) is
~1 fm, like for smallest multiplicity. » For high

multiplicity events we see BEC signal from some  The prediction of Pomeron model R=2.2 fify
parton-parton interactions. » The radius for high is in agreement with saturated radius R=2.3
multiplicity can be interpret as an average distance fm at 7 TeV for middle multiplicity region.
between separate parton-parton interactions«is m2-fM«There is not agreement with data for n,>80.

Pomeron Model =

/ 4— one-Pomeron-~% for 7 TeV
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BEC PARAMETERS R AND A VS K AT 0.9, 7 TEV EPIC 75 (2015) 466

2 distribution at 7 TeV R distribution at 7 TeV
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» The A values are energy-mdependenﬁlvf'/l%hm uncertainties rlGeV]

» The R values increase with increasing multiplicity
» The A and R values decrease exponentially with k+
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K, DEPENDENCE OF »2/NDF FOR (N, K;) INTERVALS

x2Indf distribution at 13 TeV  HMT trigger y2Indf distribution at 13 TeV
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K DEPENDENCE OF BEC PARAMETERS
A distribution at 13 Tev MB + HMT trlggers R distribution at 13 TeV
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K, DEPENDENCE OF BEC PARAMETERS AT 0.9 -13 TEV

EPJC 75 (2015) 10, 466; ATL-COM-PHYS-2016-1621

1.4¢ L I 7 | T T T ] -
- ATLAS Internal Data 2009, 2010,2015 1| £, . ATLAS Internal Data 2009, 2010, 2015 -
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» The A values are (trigger) multiplicity-independent within uncertainties at 13 TeV
» The R values increase with increasing multiplicity region (trigger)
» The A values decrease exponentially with k+
» The R values decrease exponentially with k for HMT events
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RESONANCES STUDY AT 13 TEV
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The Q spectrum generated by Pythia8 and the decomposition of its resonant part into leading contributions.
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MULTIPLICITY DEPENDENCE OF y2/NDF FOR (N, K;) INTERVALS

w2Indf distribution at 13 Tev ~ MB trigger  y2ndf distribution at 13 TeV
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MULTIPLICITY DEPENDENCE OF y2/NDF FOR (N, K;) INTERVALS
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