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Motivace pro méreni fotonovych procesi

Produkce slabych bosonii

> Zajimavé hlavné kvili anomdlnimu kvadratickému vertexu

w+ E w+ 7 w+
W w

w- v w- ki w-
(@) QGC vertex (b) r-channel (©) u-channel

» Mé&Feno nap¥. na experimentech ATLAS a CMS

Rozptyl svétla na svétle

» Maly Géinny prlfez, zatim jen horni odhady d&inného prifezu

> Chystd se mé&Feni na experimentu ATLAS
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T
Jak méFit fotonové interakce

» Maly G&inny prifez, roste s energii kolize
» P¥imé méFeni pomoci vysokoenergetickych foton( - zatim Zadné, je potFeba
vysokych intenzit a energif
> Objevuji se riizné navrhy:
> Lasery (ELI?), dva svazky vysoké intenzity a energie =~ MeV/[2]

> Vysokoenergetické fotony brzdného zafeni (= GeV) a radiace ¢erného télesa
(velky pFispévek parové produkce)[1]

Gamma-ray
photons

Blackbody
radiation field

Electron beam

Gold target
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Aproximace ekvivalentnim fotonem

» Prvni verze - E. Fermi[3]

» Kolma komponenta EM pole ultrarelativistickych protonii (nabitych &astic) je
ekvivlanenti kvazi-redlnym fotonlim

» Fotonové interakce Ize pozorovat ve srazkach protond
EPA _
T Ay Ay—s A Ayl 1~ = //P(XI)P(Xz)Uw—wﬂf(m/+/f)dX1dX2

> P(x) ekvivalentni fotonové
‘W -~ spektrum protonu

» Zavisi na impaktnim parameteru
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e
Motivace méfeni - dileptony

vV v v v

Me&Feny a&inny prifez redukovan daldimi interakcemi mezi protony -
faktorizovéno: "survival factor”

Exkluzivni dileptonovad produkce jako standardni svitka exkluzivnich procesi
Neseparibilni pozadi dalsich procesii (high-mass Drell-Yan)
Jednoduchy findIn{ stav - dva " back-to-back” miony

Uéinn}'/ prifez z QED

2 4 2 2
4m 8m Vs s 4m 4m
1+ —L - o[ 24+ | —1| = [1+ L) |1 —L || e —4amd),
s 52 2my 4ml2 s s

Survival factor zavisi na riznych kinematickych promné&nnych
- miZeme to mé&¥it?

2
+ - 4o
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s
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P¥edesla méfeni

meas. | GEPA EPA | GEPA
o ! Opominal Ocorr. / Orominal
+—— stat. uncertainty o GEPA/ gEPA

‘nominal
theo. uncertainty

CMSyy - ', 40 pb™ ———I—- | O™
(m,,, >115Gev, B >4 GeV, k| <2.2) 407 pb

ATLAS yy €', 46 b -|—-—< | 05 » Survival factor méfeni jak na
(M, > 24 GeV, p: > 12 GeV, n°| < 2.4) ! 0.496 pb

—— stat. 0 syst. uncertainty

ATLAS na CMS pro 7 TeV

ATLAS YY1, 46 1" o, » Vysledky shodné s teoretickou
(m,,, >20 Gev, p! > 10 GeV, || < 24) 0.794 pb 2 -
predpovédi
ATLAS Vs=7TeV
\0.‘3\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\‘\ >SLIFVIvalfaCtOI’méhOantukO|em

0/ O e 80 %

Meend: 0, . = 0.628 = 0.032(stat.) = 0.021(syst.) pb,

Predpoved: off4, | =0.638+£0.011 pb
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M&Feni na experimentu ATLAS pro /s = 13 TeV

44m

25m

= \ LAr hadronic end-cap and
forward calorimeters
Pixel defector

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker
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T
Monte Carlo

» Disociace protoni - soft QCD, single- a double disocia¢ni komponenta:

» Dis. komponenta dominuje nad exkluzivni produkci, redukce selekci

» Monte Carlo simulace (pouze uu)
»  Exclusive - Herwig++ (signal)
»  SDiss - LPair, podstatné neodstranitelné pozadi signalu
> DDiss - Pythia 8 (obsahuje efekt "survival factoru™)

> Dal3i (nefotonové) pozadi

»  Drell-Yan (Z/v — pt ) podstatné pozadi v preselekci
» Drell-Yan (Z/y — 7777)

> tF o oputu—

>

QCD Multijet (mis-identifikace jeti bb, c), odhaduje se z dat
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Preselekce

» Miony: Medium quality, pr > 6 GeV, |d0s;g| < 3, |2osin 8] < 0.5 mm,
gradient loose isolation

» Nabité &astice: pr > 400 MeV, Tight Primary

> Selekce udélosti: Triggers, 2 good muons with opposite signs

S ETTTTTT T @ —
G 1L ATLAS Internal -'z’/v'a}‘{ékf( uons) © 10'F ATLAS Internal ;Df““"?“"‘“”“)
S TE (5=13TeV, 32107 53 Wit (same-sign pairs) G o0 E=13Tev.z2m? T me-sign pars)
2 10°p Bmssvv o I:IBmssy W
2 E = S-diss.yy '
& |:|Exc|usweyy e T Exclusive yy - i
1%k
102k
10F
1
P P R S O U AP B IO IO o
o Q15F 3
S12- $ o4 = )
ST cunos b S 4 /N i
-] NSt —t— ST ; ]
o8- E 8 0.5 E
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100
my. [GeV] Tracks associated with dimuon vertex

» Dominovédno Drell-Yanem a Multijet pozadim
» Pot¥ebna korekce distribuce poctu &astic pro Drell-Yan
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e
Efektivita triggeru

Rozdil v efektivit& mezi daty a MC - scale factor
Bylo potteba odvodit pro low-pt (mu6) trigger

» Tag and Probe metoda - miony z rozpadu &astic, jeden zatrigrovany mion k selekci
udalosti, druhy mion jako sonda efektivity

Pouzity rozpady J/W pro nizké hodnoty pr a T pro vysoké

» V soucasné dobé& snaha o sniZeni nejistot a validaci

ATLAS Internal HTL_mu6 eff,, {S=13TeV

Yk Rol| position

p, [GeV]
m
Y
(data/MC)

HLT_mu6 scale factor

10F

-2-15-1-050 05 1 15 2 Boosted

an
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T
Exkluzivni selekce

» Pouze dva miony ve findlnim stavu,
dal3i srazky protond (pile-up)
znemoZiiuji brat pouze udalosti s
dvéma miony
- cut na dal$i nabité &astice v
blizkosti mionového vertexu
(Az <1 mm)

Vs=13TeV, L = 3.21 b, py
ATLAS Internal

10°

Data 2015
Excl. yy — it
SD yy - uu
—— DD yy—ppt

Zy-

Excl. yy - 1T
—— DDyy—Tr
——

QCD multijet
— 2y

Events/5 GeV

-

INNERIERE
o 11— r i
11Wﬂ —L S
0.9 =
0.8 H 3 L mln i
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My [GeV]
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Dalsi selekce

» Z resonance - my < 70 GeV nebo
my > 105 GeV

» Miony "back-to-back” —
pT,uu < 1.5 GeV cut (nade volba)
nebo akoplanarita
1-|Ad,, /7| < 0.008

Events/5 GeV

Ratio

B R R R e R RRR R
Vs=13TeV, L = 3.21 b, py El
ATLAS Internal Data 2015 ]
Excl. yy — iyt B
10* SDyy - ppt —
—— DD yy - 3
Zly -1t
Excl. yy - 1T m
—— DDyy-TU
10° — =
E QCD multijet 3
= — Zly-pp q
0 =
0 E
L O A N I L]
wE T H ] |
= r =
1.4 = ’7
e ] JH i
09F - =
0.8 =
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.S
Cut flow

» Potty udilosti pro nejdileZit&jsi distribuce:

Selection Data Signal S-diss. D-diss. Z~) — ptp— QCD tE— p T
Tnitial preselection 2933384 5605 8431 7667 2268000 590000 122000

1 mm exclusivity veto 14759 4451 6671 293 3900 50 0

Z region removed 12630 4351 6395 271 2000 50 0

PT i < 15 GeV 8014 7291 3477 58 690 15 0

» 1174 signdlnich udalosti pro 7 TeV vs 4291 pro 13 TeV

> Po exkluzivni selekci stéle SDiss slozka, neda se odlisit (produkty mimo
akceptanci detektoru - doptedné detektory?)

» ZvySeni poctu udalosti diky vét§imu G&innému prifezu a zahrnuti nizkych
hybnosti (pouZiti triggeru pro nizké hybnosti mion(i)
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e
Fit - predbézné vysledky

» Pro zmé¥eni survival factoru se pouziva

’g\ZZOO . . . . , . .
S 2000 ATLAS Intemal likelihood fit: Exkluzivni a single-diss.
:/ s = eV, 3. " . s
3 1800 et 2005 g komponenta fitnutad na data
% 1600 —— MC Total (best fit)
1400 --- Exclusive yy — py (best fit) . M
500 I — e dyw » Fit proveden v acoplanarité:
100 - Single diss. yy - uu(besm

Double diss yy - iyt

exclratio(aco) :
0.9086 -+ 0.0212 — 0.0210(stat)

e, 1 » Surv. factor kolem 91%, predb&znd
teoretickd hodnota niz3i (= 87 £ 2%), ale

Aco
kompatibilni
T T
ATLAS Intermal » Predb&Zna systematickd chyba 4%, oekdva
Vs=13TeV,3.2fb .
1o~ se snizeni
VY- o)
acoplanarity fit T
B —
L L L L E
0.75 08 0.85 0.9 0.95 1

f,
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e
Kontrolni obrazky - aplikace survival factoru na data

3000 T T T T T ] g FTU T T T T T T 3
g [ V(s=13TeV,L=321f0" p'y ] § L (s=13Tev,L=321 1" 'y Bl
o E  ATLAS Internal — Data 2015 4 [ E  ATLAS Internal — Data 2015 3
2500 — Excl. yy -y (best it E Excl. yy -y (best fit) 3
r SD yy -~y (best it) | C SD yy -y (best fit) 3
C —— DDyy - iy ] . —— DDyy -y
C 2y -1t ] 0 2y~ -
2000 Excl. yy -1t — E Excl. yy -1t 3
C — DDy~ | H — DDy~ 3
E § I B wh 5 I 7
F CD multiet q 5 CD multjet =
1500{— — i ) | 5 — i E|
oo = E
500— | 10k E
E ol L 4
S 1.F = S 12F =
g 12 0 2 12
11 3 @ 11 - 3
3 ’—‘_'—L’_L—U—\__,—'_L r E el b E
0.9F = 03 0.9FT -
08 - 08f =
= = T 0 1 7 20 40 60 80 100 120 140 160 180 200
nlGev] p_[Ge

T

Po kompletni selekci, dobra shoda data/MC v rdmci statistické chyby.
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.S
Shrnuti

vV V.V vV vV VY

Dileptonova produkce jako standartni svi¢ka exkluzivni photonové fyziky
Urceni survival factoru, v sou€asné dob& méreni pro 13 TeV

Analyza v pokro&ilém stavu

Pot¥eba zptesnit efektivu triggeru a s ni i trigger "scale factor”

Také potFteba dodélat systematické chyby

P¥ipravuje se "support note”, planuje se i &lanek

Dlouhodobé plany: vy — W W™ nebo vy — vy
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Back-up
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BN
Analyzaéni software - ATLAS

v

v

v

v

RootCore framework
AnalysisBase 2.4.5:

| 4

vy vy VvVYy

InDetTrackSelectionTool, TrackVertexAssociationTool,
InDetTrackSmearingTool

Pileup reweighting tool

Muon efficiency correction, momentum scale/resolution correcion
Muon isolation correction

Muon trigger efficiency correction (only for high-pt triggerrs)

RooFit na Fitting

Kobayashi Tool na urleni Trigger efficiency
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BN
Optimalizace exkluzivni selekce

» Maximalizace signifikance signalu:

Bkg
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» Maximum v Az =~ 1mm 1
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Data and triggery

> 3.19 fb dat (cely rok 2015) v porovnéni s 4.6 fb p¥i 7 TeV
» UvaZujeme:

» HLT_2mu6_10invm30_pt2_z10 for 12 < my < 30 GeV
» HLT_2mul0 my > 30 GeV

ATLAS Internal HTL_mus eff., Vs=13TeV

[GeV]

Pra
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Control plots
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> T , F : T |
<) Vs=13TeV, L = 3.21 fb™, pp §1200[~ (5=13TeV, L =3.21 fo, p'y -
© —— Data 2015 fir} IS i —— Data 2015 -
2 ATLAS Internal o 2L i (et i) | [ ATLAS Internal R ot L best ) ]
S SD yy -yl (best fit) r SD yy - (best fit)
& — DD yy-pi 1000 — —— DD yy - ]
2ly -t C 2yt ]
Excl. yy -1t Excl. yy -1t ]
— DDyy-T0 800 —— DD yy-T0 ]
I i q
QCD multijet QCD multijet -
—_—Zly — /T B
600 —
00— .
200— —
L E 2ne a
2 = 2 12F
3 ]
o = @ 11
E 1
E 09E I =
i
E 08E i
80 100 120 140 160 180 200 05 1 15 2 25 3 35 4 45
M, [GeV] p, G

Pro pravy obrazek zanedbdna selekce pr y < 1.5 GeV, opét dobrd shoda.
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