Muon P+ Scale at High Energies in the CMS Detector

Grace E. Cummings (Virginla Commonwealth University, SIST Program)

Introduction Conclusions

Backg round |:)T Scaling We haye devel_oped a pz_alrameterlzatlpn of the uncertainty as
a function of minimum dimuon mass in Drell-Yan background
For searches beyqnd _ oo st mon, 800 i amun mass p_scaled from true value by at hlgh dlmuon masses. We fit a quadratic I‘unctlon to the
the Standard Model with Py seaogup 5% relative difference plots to extract the following parameters,
the Compact Muon

— p, el down a factor of . .
where unc Is the uncertainty.
Solenoid (CMS) Detector,

a detailed understanding
of systematic uncertainty
In the transverse

Pt

n=10 +0.05--) (Eq.1). unc = 6.90 x 1073 + 5.03 X 1075 m;,, + 2.52 X 10~ 8m, ;.

Produces a 5% scaling at

momentum (P- ) scale of T T R e e 1000 GeV. Quadratic Fit Parameters, 5% scaled up
the detector IS necessary. Figure 7: P values from muons (minimum dimuon mass 800 GeV).
. y Black curve: true P; , Red curve: P; scaled up by factor of pO 0.00689805 +/- 2.29103
From cosmic ray muon (1.0+0.05(pt/1000)), and Blue Curve: P scaled down by (1.0-
0.05(pt/1000)).

studies,? we know that

_ ] pl 5.03351e-05 +/- 0.00279879
within the barrel of CMS, Mass Difference

Figure 1: CMS tracker view, endcap removed.! Fictiious ~ there IS a 5% UnCertainty p2 2.52364e-08 +/- 8.18564e-07/

muon track added to emphasize effect. . Boson Mass, min mass 800 GeV Dimuon Invariant Mass Spectrum
In the P, scale of muons - 10000 Ences T00000] % soooE Eres 50000 N f I e relive i -
. . . : .. O B Mean 1029 O = Mean 998 Table 1: Parameters from a quadratic fit of 5% scaled-up relative difference graphs (see
at 1000 GeV. While this uncertainty is negligible for low 2 T s mo1| B soo- AvS 2688 Figure 9)
energy muons, at high energies, such as in the search for 5T 5 7oL
massive new particles (e.g., Z’), the 5% uncertainty must be anoo |- 3 M et h O d S
addressed. F ool
Within r T T T T - 3000 E- Event generation and analysis performed within the CMSSW
CMS, the P of o ok framework
mUOnS IS ﬂ{]_l = IElfln}I = I1IZIIIIIIIJ-I = I15|I'_‘Iti]-I = IEl‘JlDDI = IEEII‘JGI = IBDDD {]{]E = I51'_|‘il‘]I = I1I'_'I|I‘ZIE}I = I15IIZI[]-I = IEI'_'Ill‘_'IE}I = IEEII'_‘!GI = I,'31'_'II'_‘!{I ° CMSSW 7 4 4
measured  Generated three sets of 100k each event files
US|ng the Mass calculated with scaled-up pt, 5% scaling at 1000 GeV S Mass calculated with scaled-down pt, 5% scaling at 1000 GeV ____ °® 100 ( at 800 Gev dlmuon mln maSS
radius of S aono wear: 07| 8 E 5704 » 100k at 1300 GeV dimuon min mass
curvature of 111 S R 3 £ ook » 100k at 1800 GeV dimuon min mass
the muon’s i i | 3 -
path. At high ™ PYTHIA 8 Event Generation
t Figure 2: Interaction paths and detector diagram for section of CMS.3 Shows mé_ =
MOomentUm, — path of muon through muon system. - 3 e PYTHIA 8 is a Monte Carlo generator. We used PYTHIA 8
the muon scale becomes less certain. This uncertainty Is oo oooE. within the CMSSW Framework for GEN level production.
. . 2 . . = I I I | I g I I I I I
believed to arise- from a weak mode within the detector. o e el ™y o o5 Drell-Yan Commands
AR A A7 For the Run 2
adial Expansion u elescope Figure 8: Mass plots for 100,000 event generation, min dimuon mass 800 GeV. One of three sets (800 GeV, 1300 GeV, 1800 . . .
el - e CMIS ?eter]th;]r Il:)he GeV). Top Left: Boson mass generated without final state radiation. Top Right: Boson mass generated with final state radiation. WeakZO.ngmOde =0
R o " scaile 10r ni Bottom Left: Boson mass with FSR calculated with 5% up-scaling in P at 1000 GeV. Bottom Right: Boson mass with FSR ° " .
t ‘ - g .T calculated with 5% down-scaling in P; at 1000 GeV. Scaling dependent on mass. See Eq. 1 for scale factor. WeakSIngleBoson ﬂ:barzgm
- muons and their 7 = on
Elliptical Clamshell Skew Boson Mass, min mass 800 GeV Dimuon Invariant Mass Spectrum
- S L 3 eﬂeCt on %mmn_— Enctjzfeasmmﬁlsﬂst;ﬂﬂ % 9000 — E:ﬁELasmmfnsc?uzﬂn ° ZgonMOde — Oﬁ:
g @ \.\v): reconstructed 2o RMS 25 £ om0l e 2686 . 23:0nlfAny = 13
- ?T"\ _$ Invariant mass . £ 7000
owing wist expansion B —
o have not yet been 000 S0
Z T —— 7% . - 5000 F—
— | &=)| 0J0 studied. For the : 3
— ——) | 4000 — = Figure 10: Image of the Greek oracle Pythia,
ower mass i 3000 - for whom th t tor i d.8
Figure 3: Diagram of weak modes® within the ATLAS detector, the t d h 7 20001 2000 F- or WM Ie EVEN JENEIaion s name
other general purpose detector at the Large Hadron Collider. Stu |eS, SUcCn as i mmE_ .
boson StUd'GS, the Sca“ng haS Ilttle effeCt6 ﬂﬂ_' e T000 1500 Ze00 2500 5000 ﬂﬂE' S0 1000 1800 gaee 25005000 AnalySIS

mass GeV mass GeV
. 11 . b}
O u r Stu d Mass calculated with scaled-up pt, 1% scaling at 1000 GeV Mass calculated with scaled-down pt, 19 scaling at 1000 GeV ¢ Used Edm Analyzer Plugln tO grab the genpartlces
massup3 massdnd .
y 3 soook Erifes 100000| 3 9000 * Applied a ROOT class system to reconstruct mass plots
© 8000 - Mean 1002 o - Mean 994
g F RMS  2707| & sooof- R 3 total files, DimuonClass.C, DimuonClass.h
= ] — g — ® . ]
In our study, we analyzed the effects of P; scaling £ o00l 4 runD: ’ c o ! !
- - - - © 6000} Co anad runpimuonciass.
uncertainty on Drell-Yan invariant mass. Drell-Yan is the 8000 - N 4 for 300k s with addit I
- T PR - : 3 5000 ° erged 1or events witn additional macro
guark-antiquark annihilation producing a virtual photon or a Z ool : 9
. . . . E 4ID|DD:— . . .
boson, which then decay into a pair of oppositely charged so0f- "3 Equation used for mass calculation:
leptons.” In our study, we focused on the dimuon (p*) final 2000 - 2000
state. TE | | | | e | | | | My1uz =~/ 2Pr1 Pry(cosh(ny — 12) — cos(¢y — ¢2)). (Eq. 2)
ﬂ{] e 500 Sl I1 IZIIZIII]-I - I1 SEIDI == IEEIODI &= IEEEIDI — ISIZIIIIII]- ﬂﬂ = 500 SN I1 IZIIZIII]-I = I1 EDGI = IEIZI!CIIIJ-I = IESEIDI — ISIZIIIIII]-
Z boson mass, with and without final state radiation Meeg ek IAEEEK
% - FSR Figure 8: Mass plots for 100,000 event generation, min dimuon mass 800 GeV. One of three sets (800 GeV, 1300 GeV, 1800 (We are IgnC)rlng the muon maSS-)
;5; 600 no i GeV). Top Left: Boson mass generated without final state radiation. Top Right: Boson mass generated with final state radiation.
-% - Bottom Left: Boson mass with FSR calculated with 1% up-scaling in P at 1000 GeV. Bottom Right: Boson mass with FSR
° s~ |— FSR I calculated with 1% down-scaling in Py at 1000 GeV. Scaling dependent on mass. I u rt h e r St u d
400 - Relative Difference, 5% at 1000 GeV Scaling Relative Difference, 1% at 1000 GeV Scaling y
. 8 0.24F g 0.24p
Figure 4: Drell-Yan Feynman Smi o - |— Scaled-up © o22F |— Scaled-up
diagram, decay to two muons, - s 022 5 o2 : :
generated in ROOT. No final state : | saeddown :F | scntoddown Further study would be to repeat this analysis on a Full
radiation 200 € - £ - S I . d | th d t t
iaF- 0.16- imulation, modeling the detector.
100 - 0.14 =
0.16{— 0.12F
%ﬂ — 40 &0 a0 — 100 Ir:l_é[] — 1..1[] a D'M':_ Quadratic Fit Parameters D'1;_ R f
mass GeV — pO 0.00689805 +/- 2.29103 0.08—
012 — pl 5.03351e-05 +/- 0.00279879 - e e r e n C e S
B p2 2.52364e-08 +/- 8.18564e-07 0.06 —
Figure 6: Invariant mass plots of Drell-Yan dimuons, featuring Z 01— 0.04F-
boson peak (approx. 91 GeV). Generated from events with (red N | M 1. Image taken from https://www.flickr.com/photos/badastronomy/8040228597
_ CUFVE) and without (b|ue Curve) final state radiation. 0.08[ | | | | | I D-'Jz:_ I I I I I I 2. https://twiki.cern.ch/twiki/bin/viewauth/CMS/_MuonR_efer_enceResqu_tion
Figure 5: Drell-Yan Feynman 1000 1200 1400 1600 1800 2000 2200 2400 1000 1200 1400 1600 1800 2000 2200 2400 3. https:/fwww.phys ksu.edufreu2014/wabehn/index_filesimage00S.gif .
di ith fi | stat diati lower mass threshold, GeV lower mass threshold, GeV 4. C. Esc_obar, Track based alignment of the ATLAS Silicon Tracker,” Proc. Sci. 26 (2008)
lagram, W'_t Inal state radiation. 5. G. Amnison et al. (UAL), Phys. Lett. 1268 (1983) 398 N | ” |
Generated in ROOT. Figure 9: Relative difference plots. Left: 5% scaling, scale up featuring a quadratic fit. Right: 1% scaling. Relative difference fbi'l'gg‘fgﬁ;stzvﬁT{_2'5\5"_231?9 Lepton-Pair Production in Hadron-Hadron Collisions at High Energy,” Phys. Rev. Lett. 25(1970)316, doi:
calculated as (entries scaled — true en'[l’ieS)/ (true entl‘ies). 7.https://upload.wikimedia.org/wikipedia/commons/3/32/Themis_Aigeus_Antikensammlung_Berlin_F2538 n2.jpg

August 2015 wVCU =ZEFermilab (@ ENERGY e




