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Proton-protonové srazky

e LHC pp srazky
o Kompozitni struktura protonu — partony.

Figure: Vnitfni struktura protonu [1]

o 252 q t
o Tvrdé interakce (velky ptenos hybnosti) -
produkce zajimavych &astic W,Z, H t

N T4

<l

Figure: Diagram qq—qq [2]
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Underlying event

Tvrdy proces

Partonové spriky
(potate¢ni/finaini)

Multi-partonové interakce

Pozlstatky protonu
PS + MPI + PP = UE

Figure: Typicky pribé&h udalosti p¥i pp
srézce [3]
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Underlying event

P¥itomnost UE zpiisobuje zvy3eni aktivity a tedy moZnou kontaminaci mé¥eni
(nap¥. nizkoenergetické jety, ...)— studie okolni aktivity.

UE obsahuje p¥ispévky tvrdych i m&kkych interakci — pouZiti MC generator(
(volné parametry - lad&nf).

MOTIVACE?

Pochopeni chovani UE v pp srazkach.

UE mé&Feni zpracovano na 900 GeV a 7 TeV [4] jak to vypadd na nové
t&%igtové energii 13 TeV?

Kontrola nastaveni volnych parametri.
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Analyza UE

e Zavedeni regioni v roviné kolmé k svazkové trubici.
o VyuZiti "Celni” &3stice.
b Regiony A¢ = Cb - ¢wrtlead

@ Dopredny region |Ag| < /3
@ Odvraceny region 27/3 < |Ag|
@ Kolmy region /3 < |A¢| < 2m/3

@ Kolmy max/min/diff

leading track
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Analyza UE

Studium pozorovatelnych citlivych na UE.
© (d’Ncn/dnde) jako funkce p'gad | A¢
Q (d*>Ypr/dnde) jako funkce pe2d, A¢
© (pr) jako funkce p'ed, ng,

Studium pf¥iblizn& 30 distribuci.

e Tvofeny z primarné nabitych &astic.

Selekce

@ Udalosti
@ Casticové stopy (tracky)

Korekce

@ Vahovani oprava na efekty detektoru.
@ HBOM: snaha opravit pozorovatelné na efekty spojené s reorientaci.
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Selekce

Data
e Runy s malym y, celkovd luminozita 1618.4 pub~!
e GRL
e Trigger HLT _noalg_MBTS_1 (na jedné ze dvou stran MBTS).
Event selekce
e Primdrni vrcholek (bez p¥idavnych vcholkd s nyy > 4).
o Celni tastice s p's*d > 1 GeV ( ~ 60 %).
Track selekce
e pr > 500 MeV, |n| < 2.5.
Hit v IBL.
> 1 pixel hit.

> 6 SCT hitd, v pfipadé mrtvého modulu se automaticky berou hity.
o Cut na srazkové parametry: |dp| < 1.5 mm, |z - sin6 <1.5 mm.
Pravdépodobnost x? > 0.01 pro tracky s pr > 10 GeV.
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Korekce

Vahovani
e Oprava na efekty detektoru pomoci efektivit rekonstrukce ziskanych ze
simulaci. ) )
Wey = (1)
¢ 6trig(nslilf) evtx(nEelfa 77)
1
Wik = ———— (1 = foke(P7:1) = fopr(PT:7) — foo(PT)) (2)
6tfk(pTa 77)

Hit backspace once more
e Nidhodné zahazovani trackl podle jejich efektivity rekonstrukce
(parametrizovdna ), pt) v nékolika iteracich a ndslednd extrapolace.

BIN15

E ATLAS internal /=13 TeV  tru1.128196
%,s;p‘:‘“‘ >1GeV un‘f ;"121325
< [P, >500MeV, <25 rel diff 0.608945

Ehigh 0.601318¢
Pythia A2, 1000 toy experimets Elow 0.650199%

e

N
2

sobnlnd e b b o,
R R
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Vysledky c¢asticovych hustot
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e Oproti dopfednému regionu je hustota &astic v kolmém regionu témée¥
konstantni ( p'¢d > 5 GeV). — UE plogina.

o Lepdi popis dat pomoci MC aZ zhruba od 7 GeV.
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Porovnéni se 7 TeV analyzou
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e Ndrust aktivity o pfiblizn& 20 %
e Mnohem lep$i porovndni s MC.
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Zaver

e Analyza UE, ktery lezi na pozadi tvrdych srazek.

e Znalost jeho chovani napomaha k porozumé&ni procesiim na pozadi (MPI,
IFR, FSR) p¥i pp srazkéch.

e Studium pomoci pozorovatelnych citlivych na UE v definovanych regionech.

e Korekce na efekty detektoru a vyuZziti HBOM metody.

e S rostoucim p'¢2d je p¥ispévek hustoty astic v kolmém regionu konstantni.

e Relativné dobry popis dat aZ na nizsi hodnoty p'?“d.

e Zhruba 20% ndrust aktivity oproti mé¥eni ze 7 TeV.

o ATLAS paper [9] support note [8].
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Vysledky c¢asticovych a momentovych hustot
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e Nahled na topologii eventd.

e Doptedny a odvrdceny region zvySenou aktivitu oproti kolmému, ktera se
jest& vice projevuje pro vy&si transversalni hybnosti Eelni €stice pls.

e Popis dat MC generatory se zlep$uje také s rostoucim p'ﬁad (UE generatory).
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Ypr a Ny, wrt |A
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N, wrt p%ad
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o Konstantni hustota zhruba od p'¢*¢ > 5 GeV — UE plogina.
e Zhruba 12 &astic v kolmém regionu.

e Zlep&eni predikci s rostoucim p'¢2¢ pro UE tuny.
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Ypr wrt p

lead
T

s T T T 9 s T T T T T s T T T T T
8 Toward Region ATLAS Internal, (§=13Tev] & 1gf Transverse Region  ATLAS Internal, 8 125 TransMin Region ATLAS Internal, V5 = 13 Tev-|
% F 520560 pi<2s 1 &g proscevni<as §
2 o picev R pe> 16 g
= : —_— T z
= g 3
o P P
P v ¥ %
¥ v v PYTHIA 8 AL
3 08F —PYTHIA8 A2
— PYTHIA 8 Monash 0.6F — PYTHIA 8 Monash — PYTHIA 8 Monash |
2 “~Herwig++ 1 - “Herwig++ Herwigs+
-~ Herwig? 04F = -~ Herwig? E| 02 Herwig? ]
E -~ Epos E 02t -~ Epos E ™ Epos
8 8 8
H T H e 0 H
5 0 15 20 25 %0 5 10 15 20 25 30
pe [GeV) pe [GeV) pe [GeV)

e Dominantni dop¥edny region diky vyskytu &elni &3stice.

e Pozvolny narust v kolmém regionu, min region vice flat (MPI) — vzrist v
max (ISR/FSR, MPI)

e Zlep&eni predikci s rostoucim pl¢ad

M. Vozik

pro UE tuny.
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Ypr wrt plTC‘(ld
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pr) wrt plTC‘(Ld
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<pT> wrt Neh
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e Strmy pokles v dopfedném regionu diky vyskytu &elni &3stice, ndsledny
pozvolny rist ve zbytku rozsahu < pt >.

e Tento rist plati pro v8echny regiony kromé diff
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pr) wrt ne
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Selekce

Data
e GRL
e Trigger HLT _noalg_MBTS_1 (na jedné ze dvou stran MBTS).
Event selekce
e Primarni vrcholek (bez p¥idavnych vcholki s ny > 4).
o Celni &astice s p't* > 1 GeV ( ~ 60 %).
Track selekce
e pt > 500 MeV, |n| < 2.5.
e > 1 pixel hit.
Hit v IBL pokud se ocekdva.

> 6 SCT hitl, v pfipad& mrtvého modulu se automaticky berou hity.

Cut na srdzkové parametry: |do| < 1.5 mm, |zg| - sin@ <1.5 mm.

Pravd&podobnost x? > 0.01 pro tracky s pt > 10 GeV.
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Cutflow

Run All GRL Trigger Vix L [ub™'] U
267358 | 8665704 7272839 4545977 | 3775181 62.0 0.3%
267359 | 12292491 | 10504126 | 6309244 | 5387438 89.1 0.7%
267360 | 12558421 | 8309283 5178427 | 4487985 74.1 3%
267367 | 17111228 | 16469031 | 8438677 | 7237217 120.8 3%
267385 | 71217242 | 71095463 | 48021030 | 41001542 | 690.4 3%
267599 | 105611891 | 105610048 | 41221102 | 34963098 | 582.3 | 1%-3%

Total | 227456977 | 219260790 | 113714457 | 96852461 | 1618.4 -

M. Vozik
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Cutflow

Simulation Data
Events % passing | Events | % passing
pred cuty 10000000 10855221
primarni vrcholek a pile up | 9946359 99.46% 9137943 84.18%
1 trk pr > 500 MeV 9543913 95.44% 8863268 81.64%
1trk ppr > 1 GeV 7024167 70.24% 6605861 60.85 %
1trk ppr > 3 GeV 1632390 16.32% 1272417 11.72%
1 trk pr > 5 GeV 350672 3.51% 243966 2.24%
1 trk pr > 10 GeV 28311 0.28% 17913 0.16%

M. Vozik
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Cutflow

Simulation Data
Tracks % passing Tracks % passing

All Tracks 383347948 348184417
pr >500 MeV 176287238 | 45.98% | 156564908 | 44.96%
In| < 2.5 172502488 | 44.99% | 153371861 | 44.04%
Innermost hit requirement | 160072434 | 41.75% 142237089 40.85%
Pixel Hit > 1 138319599 | 36.08% | 121358755 | 34.85%
SCT Hits > 6 127912396 | 33.36% | 112042699 | 32.17%
|do| < 1.5 mm 123473650 | 32.20% | 107548913 | 30.88%
zsinf < 1.5 mm 122392824 | 31.92% | 106342692 | 30.54%
X2 probability 122391969 | 31.92% | 106342115 | 30.54%

M. Vozik
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Korekce

e Dveé faze
@ Viahované — vertex, trigger (zanedbatelné) a track efektivity
rekonstrukce
@ HBOM — korekce na zmé&nu topologie diky ztrati &elni &astice
Vahovani
o ¢ efektivita track rekonstrukce.
o fokr frakce trackli mimo kinematicky region.
o fupr frakce sekunddrnich &astic.
e fq frakce podivnych baryond.

1 1
Wey = 3
= ) B ) ®
1
Wik = —— - (1 = fore(P157) — fnpr(PTvn) — foo(pT)) (4)
6trk(pT7 77)
e Xpr — Elplel, W] = WeyWirk,

o Nch — ElWl
e (p1) = Zipr,wWi/Eiw;
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= E 400~ — -
5 099* Lo -
088l ATLAS Internal L —
0.986— 2001~ _—f
= Data 2015 Vs =13 TeV L |
0984 i
0982 p, > 500 MeV, n| <25, n%% > 1 [
Bl i ol L ]
0.98—— 4 6 B 0 12 14 16 0 5 10 15 20
nBL Naei

o Event korekce: efektivita rekonstrukce vertexu eyix(nSh,n) a triggeru

Etrig (”sBelf)
1 1

6trig(nlsgelf) evtx(nfelfy 77)

Wey =

o Pouze 2% event(i s we, # 1 for p&ad > 1 GeV.
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Track

e Track korekce: efektivita rekonstrukce tracku e

matched
n (pt,n)
ec ’
ok = —o (6)

Ngen(PT, 1)
E" § A'IL Aé Si‘mule‘\tion ‘Inter‘nal T E o) lTATLAS Simulation Internal ‘ 3
S 0.95FVs=13Te == Minimum Bias MC—| S F s=13Tev Minimum Bias MC |
‘S E N >1p>500MeV|m<25 | S L SE‘21p>500MeV|I7\<25 1
= 0.9 = = 0.95— -
ES E j— El = 5 1
5] £ -~ o E © F ]
£ 085 ¢ . 3 S oo ]
g o o g% -
E 0.75?- = £ 85 f.’_....__ E
£ o7 S A ]
3] E 3 o L - ]
o 0.65F 3 O 0.8 = 3
3 oeL - g ... ‘ L]
= —25—2 15—1—050 05 1 15 2 25 = 1 10 2
= =

n p, [ev)
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Track

@ fokr frakce trackl mimo kinematicky region (zanedbatelné)
@ fnp frakce sekundarnich &astic (2 % pt na 500 MeV)
© f«b frakce podivnych baryoni

10 -
€ 10" g T e < T I R RRARL T 1
IS of ATLAS [ Minimum Bias MC [SaR ATLAS Simulation ]
o 107F s=13Tev —— Data @ 5F(s=13Tev E
o 1087ngg"zzl‘pT>500Mev,|n|<2.5 " 1] g Ng 2 1, p >500 MeV, || < 2.5 ]
- 2 Q> L 4
8 s5 4 ]
%) s £ = @ EPOS LHC 1
S 10 ---- Primary Sig halts] L 3
© 105 Secondary £ d o g) 3 o
= 2 Sc :
o 10°F S0z 0s 2c ]
5 28 sin [mm % 2 2r = B
4 ° ]
£ 10 re | E
5 10% g 1 | ]
pd Secondaries scaled by 1.38 = ]
102 P R SR ST N N il A A vt Guu\ 1= S | | |
g1,45;‘‘_‘‘_‘‘_‘“m‘m‘m‘m_wmE i 2p T
g i BReR s SOU E‘;'; l: ]
a T 1 @8 % ]
) I I I I VA Y W W N N Covul | | 1

0'5310 86 -4-20 2 4 6 8 10 0 1 10 107
zB sin6 [mm] p, [GeV]
1
Wik = ——— (L= foke(pr, 1) = fop(pr,m) = fa(p1)) (7)
6trk(pTan)
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Korekce

HBOM

e Hit backspace once more (HBOM) — ndhodné zahazovéni tracki podle
jejich efektivity rekonstrukce (parametrizovdna 7, pr).

e Parametrizace k-té iterace polynomem n-tého stupn& (defaultn& 6 iteraci a
pol 2 stupng).
e Extrapolace do -1.
e Prevahovani 1/ey v kazdé iteraci.
o Nekorelované iterace.
e Systematickd chyba jako 68% interval z toy experimentd.
BIN15 BIN 4

E‘ “EATLAS Interal (s=13TeV  tu1.128196 100[-ATLAS Internal (s=13TeV  Mean 0.652647

&b P >1Gev unf 1.121326 [ peed >16ev MainFit 0.652669

S [p, >500Mev, <25 'Eeh‘ d':g’:gf;:; [ p, >500 MeV, | < 2.9

‘lesz’Pymla A2, 1000 toy experimets E\olgvo ('550199% 80~ pythia A2, 1000 toy expérimets

g [

v ; W 60— D Hbom Fits

[ DSB interval
i 40—
Jé 20
i ST NPT A T T I L L | | |
-3 -2 -1 o 1 2 3 4 s 6 0%48 0.65 0.652 0.2554 0.656
HBOM lteration <dz p, /dn dg>[GeV]
M. Vozak
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—— Hbom spectrum
—— Corrected for det. effects

3 ATLAS Internal \5 = 13 TeV Transverse % E ATLAS Internal {5 = 13 Tev Away
[C) Pythia A2, p‘:"’ >1GeV [ Pythia A2, p‘:"“ >1GeV

A P, >500 eV, hl <25 N P, >500 MeV, | < 2.5

a 4 hbom it, 2 pol al 4 hbom it, 2 pol

c — c |
IS — =

o o J—

£ —— Tru spectrum £ —— Tru spectrum

v v —— Hbom spectrum

—— Corrected for det. effects.

I E—— | |
1 Tt 1 T
097
o 5 10 15 20 25 30 40 45 E o 5 10 15 20 25 3
lead
pr*[Gev] N,
87 s
8 [ ATLASIntemal s =13 Tev. Transverse o b ATLAS Internal {5 = 13 TeV
s 2F Pythia A2, pi*'> 1 Gev (S Pythia A2, p™ > 1 Gev —— Tru spectrum
~ [ p, >500MeV,pl<25 a4 p, > 500 MeV, | < 2.5 —— Hbom spectrum
L5 ahbomit, 2 pol E 4 hbom it, 2 pol —— Corrected for det. effects
k=l = =
v Do ’-'\*___‘_/
—— Tru spectrum ~
.
—— Hbom spectrum S
—— Corrected for det. effects % ° Toward Transverse Away
TS SN v . . . . . . . .

X
8

°
8 .

°

5 10 15 20 25 30 35 40 45 5
P [GeV]

Odchylka od truth okolo 2 % v prvnich binech ¥pt a Ngj vs p'ead.
1 %odchylka u A¢.
TrDiff okolo 20 % v prvnich binech.

Aplikace odchylky od truth (z Pythia 8 A2 ND) jako korekce na data.
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Non closure

Observable HBOM Correction Size  Non-closure
Nen or Xpt vs. |AQ| 2% <0.5%

Neh or $p1 vs. pries Aw/Tr/To 0-15% <2%

Neh or XpT vs. pries Max/Min/Diff  0-15% <2%

(pT) > VS Nch OF priea Aw/Tr/To 0-25% <1%

(pT) > VS Nch OF priea Max/Min 0-4% <0.5%
(pT) > VS Nch OF prieas Diff 0-20% <20%

M. Vozik
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Systematickd nejistota uncertainties

Dominantni systematika - modelovani materidlu a p¥ispévek sekundarnich
Castic.
Odchylky od truth v MC.
Data-driven korekce k tracking efektivité (maly efekt).
Pocet HBOM iteraci.

Pol()it() / Pol(2)1t(6)

M. Vozik

<d’N, / dn dA@>, Angular distribution

|

bbbt e e o

ATLAS Internal

P >1Gev

P, >500 MeV, jn| < 25
data

\HF T
¥

SRERLENES e e bt ]
T A b b S T

Pol(2)It(6)

— Pol(2)It(4)

— Pol(3)It(6)

| 1 1 | | | | |

20 40 60 80 100 120 140 160 180
Ag [rad]

it lead

Pol()it() / Pol(2)1t(6)

<d’N,, / dn dg>, Transverse

ATLAS Internal
Pl >1Gev
p, > 500 MeV, | <25

AR AR SN R RN AR R

Pol(2)It(6)
—Pol(2)1t(4)

—Pol(3)it(6)
L L L L L L L L

5 10 15 20 25 30 35 40

ot (o
o
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Relative error

Relative error

Statistic and systematic uncertainties

<d°N,, / dn dg>, Transverse Min
ATLAS Internal
pe>1Gev
p, > 500 MeV, hl <25
Data

104
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10

Up material
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e oM sta
25 30 40
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1
ATLAS Internal
FOUE pes1cev
103E p >500 MeV, bl <25
1.02] Data
098 Upmaterial  —— Do material
0.97F— Up secondaries —— Do secondaries
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0os N,y SRR,
o 0% 80 100 120 190 160 180
ag, . lrad

Relative error

Relative error

<d’s p, / dn dg> [GeV], Transverse

ATLAS Internal

Pl >1Gev

P, >500 MeV, fnf <25
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096 [ hbom
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R S I R N
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1
ATLAS Internal
104

Pl >1Gev
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102 Data
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0.97F=— Up secondaries —— Do secondaries

e EINC i 0 oo (satesyst)

o hbom (3120, | | | |
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