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Open Questions of the Standard Model

 Why is there
more matter
than anti-matter?

oW can we
escribe gravity?

Q T

e \What Is dark
matter made of?

= Precision measurements of the SM are
interesting approach to search for BSM physics

4 Source: https://atlas.cern/discover/physics



L epton Universality

0.511M 105.7M 1.777G
electron .. l Jon

* Electroweak interaction preserves lepton
universality in the SM

 Higgs mechanism breaks lepton universality by
different couplings to leptons (depending on the
mass)

* |s there an additional mechanism for lepton
universality breaking”

5 Source . http://united-states.cern/physics/standard-model-and-beyond



Lepton Umversahty

electron : l Jon
.

w DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
{Ty (b] (10.86+ 0.09) % —
e v (10.71+ 0.16) % 40189
utv (10.63+ 0.15) % 40189
TV (11.38+ 0.21) % 40170

* No experimentally observed violation of lepton universality

e 2 sigma effect seen by LHCb

- BB - D0 )/ BB - DTuD,) (arXiv:1506.08614)

,u

- BV 5 K02+~ (arXiv:1705.05802)

6 Source: http://united-states.cern/physics/standard-model-and-beyond,
M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)


http://pdg.lbl.gov/2018/tables/html/authors_2018.html
https://arxiv.org/abs/1506.08614
https://arxiv.org/abs/1705.05802
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Source: Maximilian Brice, CERN




The ATLAS Detector

25m \

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker

8 Source: https://atlas.cern/discover/detector



ALEPH

Motivation

W Leptonic Branching Ratios

10.78 + 0.29

DELPH] 10.55 + 0.34
L3 10.78 + 0.32
OPAL 10.71 = 0.27
LEP W—ev 10.71 = 0.16
ALEPH 10.87 + 0.26
DELPHI 10.65 + 0.27
L3 10.03 + 0.31
OPAL 10.78 + 0.26
LEP W—uv ® 10.63 + 0.15
ALEPH 11.25+ 0.38
DELPHI 11.46 + 0.43
L3 11.89 + 0.45
OPAL 11.14 =+ 0.31
(LEP W—tv 11.38 =+ 0.21
: y‘indf = 6.3 /9
T
LEP W—|

V 10.86 = 0.09
l v indt = 15.4 /11
10 1 12

Br(W—slv) [%]

* 2 sigma discrepancy

* Excellent possibllity to
test SM and lepton
universality

* |ndicator for BSM
physics

e Parameter of Interest
(POI):
BR(W — tv,;)/BR(W — uv,,)

Source:arXiv:hep-ex/0511027



W-Boson Decay

 Additional loops with
W+

- SUSY
- Charged Higgs / :

10




W-Mass Measurement

o Starting point: W-mass measurement with the
ATLAS detector at 7 TeV (arXiv:1701.07240)

= \ery similar analysis

Measurement of the W-boson mass in pp collisions
at Vs = 7 TeV with the ATLAS detector

The ATLAS Collaboration

A measurement of the mass of the W boson is presented based on proton—proton collision
data recorded in 2011 at a centre-of-mass energy of 7 TeV with the ATLAS detector at the
LHC, and corresponding to 4.6 fb~! of integrated luminosity. The selected data sample
consists of 7.8 x 10° candidates in the W — uv channel and 5.9 x 10° candidates in the
W — ev channel. The W-boson mass is obtained from template fits to the reconstructed
distributions of the charged lepton transverse momentum and of the W boson transverse
mass in the electron and muon decay channels, yielding

my = 80370+ 7 (stat.) £ 11 (exp. syst.) = 14 (mod. syst.) MeV
80370 = 19 MeV,

11 Source:arXiv:1701.07240


https://arxiv.org/abs/1701.07240

Results from W-Mass Measurement

| | | |
ATLAS ® my
== Stat. Uncertainty

— Full Uncertainty
LEP Comb. P 80376+33 MeV
Tevatron Comb. ® 80387+16 MeV
LEP+Tevatron ® 80385+15 MeV
ATLAS PR 80370+19 MeV
Electroweak Fit ® 80356+8 MeV

I I I |
80320 80340 80360 80380 80400 80420
m,, [MeV]

12 urce:arXiv:1701.07240



Event Selection of W-Mass Measurement

Cut Stage Electron Channel Muon Channel

Single electron trigger
(20/22 GeV)

Single muon trigger
(18 GeV)

Trigger

Exactly one well reconstructed electron/muon

ph > 30 GeV

Signal cuts p%f < 30 GeV

my > 60 GeV

priss > 30 GeV

13 Source:arXiv:1701.07240



Measurement of the Ratio of the Branching Ratios

~11%

e Select lepton final state due to

- high trigger efficiency

- cancellation of many systematic uncertainties e

175 172°%

hadronic

« Parameter of Interest (POI): 65%
RSIG BW —= )/ BW — 7

14




Interesting Variables

D 0.16LATLAS Work in progress —W - uv - ~ATLAS Work in progress —W > puv

0.04

0.005
0.02

<’:-0.14; —W > 1v <M%; —W — v
- BZ - uy, - BZ - uy, e
12 =
0 = top quarks 0'02: top quarks
0.1 diboson - diboson
0.08F M multi-jet 00151 W multi-jet
0.06 0.01- / |

— T L — .
30 40 50 60 70 80 0 60 70 80 90 100 110

Pt [GeV. m¥ [GeV]
mr = /20 (1 = Ag(ph, p=))
o Shape difference between tau and muon signal as large as
possible

* Difference is coming from additional neutrino in tau process

15



Events /1 GeV

Data / Model

Results for Fitting pT

x10° x10°
600 [T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T T %) 600 [T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T T
—  ATLAS  Work in progress e Asimov Data 41 6 —  ATLAS Work in progress e Asimov Data _
: —— Standard Model 1 OO: —— Standard Model _
500— A EEW - uv — » 900 — ~— g EEW — uv —
- Vs=7 TeV, 4591.01pb W o 15 F Vs=7 TeV, 4591.01 pb @ W — o -
400— Bl Z - uw, vy 1 W 400 Z = uu, vv —
~ [ top quarks 7 ~ [ top quarks 7
~ [_] diboson 7 ~ [_] diboson 7
300— [ multi-jet — 300— B multi-jet ]
200 — 200 —]
100 — 100 —
115 Data/Bkg % 11 / Data/Bkg
(i N S KRN EEY NN SE AY - AT T AN SN AT TSN R R S % 1Ee--3-0-0--9--9-9--9--3--9-9--8--8--5--9--9--8--5--8-- 8-
: @ :
0.9 § 0.9F
L PR A TR SO T N S TN N AN T R SN [N S S T A T T S N T S T N TN N W (N N SN = b by b e b b by b b Ly
30 32 34 36 38 40 42 44 46 48 50 30 32 34 36 38 40 42 44 46 48 50

P! [GeV] P! [GeV]

* Agreement between data and MC is 1 as Asimov Data (sum of all
samples) was used as Data

- One scale factor (R;,) is 100% Coqreselated with the branching ratio itself



Fit Results for pT

Histogram for 1000 toyData

5.

<

100
80
60
40

20

histo
Entries 1000

Mean

Std Dev 0.1466

1.012

o

G

1.6

R3K

©

'('U Parameter initial value and error fitted value and error’
D Rtaumu_SIG 1.00 £ 0.000100 1.00 + 0.143262

>

g Parameter initial value and error fitted value and error

CT) Rtaumu_SIG 1.00 = 0.000100 1.00 £0.047772

<

17

/- Statistical error is 4.8%

e Erroris confirmed by Toy Data

::): 350
300
250
200
150
100

50

Error of 1000 toyData fits

* Error on branching ratio relatively
high (~14.3%)

|

histo_error

Entries
Mean

1000
0.1411

Std Dev  0.008219




Relax Cuts

:): 0. 08;—ATLAS Work in progress —W — v :) 0. 025__ LAS WorlJ in progress —W — v
< o070 —W v < - —W > 1v
- BZ - up, 1t 0.021- BZ - up, T
0'06;_ top quarks N top quarks
0.05~ diboson 0.015 diboson
0.042_ B multi-jet : B multi-jet
002 0.005)
0.01 B
= L L - ——
0 20 30 40 50 60 70 80 0 40 50 60 70 80 90 100 110 120

p: [GeV] m¥ [GeV]

* /1% of tau signal lost * 39% of tau signal lost

pT : 30 GeV, m1V_V: 60 GeV  p1:20GeV, m1V_V: 40 GeV

14.3% (4.8% stat)——»{10.4% (2.4% stat)

= Need to further reduce the uncertainties

18



Vertexing

|/ Displaced
‘I’racks

Secondary
Vertex

D g.045 ATLAS Work in progress W — uv
< : W — 1v
0.04
- WZ - uy, Tt
0.035¢ top quarks
0.031 diboson
0.025- l multi-jet
0.02—
0.0155
0.01—
0.005-
01 -0.05 0 005 0.1
d, [mm

Visible shape difference due to lifetime of tau lepton (decays after 87um)

Completely independent from kinematic quantities

Needs to be explored in detall

2D Histogram unrolled in one dimension (due to technical limits of

HistFitter)

19

Source: http://atlas.kek.jp/sub/documents/jps201409/18pSK-6.pdf



2D Fit

?ATLAS Work in progress Cwow [Jwoa ) ?ATLAS Work in progress Cwow [wow
%_ |:|Z — Uy, 1t | Top Quarks < 1 07 %_ |:|Z — uy, 1t | Top Quarks
;E . Diboson | | Multi-Jet ;E Diboson | | Multi-Jet
: i : H|H.
- T B
T .
= BANN HH] S l I
? HJIF[‘E;" 'H:'Jq ? ! 1;_i
= Lﬁkm = ' I ;
W e |
’ = JL\% 1 I||'1 | |+ |
10! 1L m.m L L !Jlllﬁl 10—1 } h !J‘Hﬁl
—05—04 03—02 01 0 01 02 03 04 0.5 —05—04 -0.3-02-01 0 01 02 03 04 0.5
d. do

108 %ATLAS Work in progress DW S v Dw v

A.U.

1 07 = I:I Z — up, 1t | Top Quarks

Diboson D Multi-Jet

3 different binning
configurations in dO

l P’H’m}ﬂnﬂw#ﬂl

| i I | L1l |
0O 01 02 03 04 05
I
dO




2D Fit

Muons Electrons Combined

1D Fit

Binning 1

Binning 2

Binning 3

Relaxed Cuts
Binning 3

* numbers provided by Hannah Schmitz

21



Summary and Outlook

Precision measurement of the lepton universality is excellent
possibility to test the SM and an indicator for BSM physics

Analysis based on W-Mass measurement from ATLAS at 7 TeV
= Joint the re-analysis eftort for even better precision

Fully consistent setup and a fully functional fit including all
systematics for muons

Relaxed cuts and/or adding dO improve the sensitivity of the
branching ratio measurement

Include electron channel with all systematics to the fit

Work on vertexing

22
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Production of W-Bosons at the LHC
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Events/ 0.5 GeV

Data / Pred.

120

100

Results from W-Mass Measurement

X1 (.)3- x10°

L L A L L L L L - > L e e e e e e L m e e e L e e
= ATLAS eba 1 3 'L ATLAS o Data :
- \s=7TeV,4.6 fo W eV = 100~ Vs =7TeV, 4.6 fo W - eV ]
[JBackground 3 [C1Background o
idof =3930 | £ 80 YPldof = 55/59
m .
3 w0 -
- 40 -
- 20 =

SO O S O S R S USSR AU ORI RTINS 'O 1.02 1- .................... e renneaes LA R i T P

-I- ........................................................................................... -I- '|' ) &) 1.01B Podedrosrerme s i g .I. ................ ~|~ 1~ ................. 1
'l' -I- _ x ] Jf++++++++++++++++++++++++H+++JrJrJ“[H JILILL L
; 888 ........... Fo T LT g T _I__I_ -|_ .......................
> 44 46 4 8 60 70 80 90 100 110 120

m; [GeV]

mr = \/ 2p R (1 — Ag(phy, p™™°))

« MC template fit for different masses in pT or mT

e Fitted positive and negative leptons separately

20 Source:arXiv:1701.07240



Results from W-Mass Measurement

p'T, W = I'v
p'T, W —Tv
p'T, W= Fv

me-pl, W= Fv

ATLAS

"' e 'm,, (Partial Comb.)
= Stat. Uncertainty

® .
5=7TeV,41-46M" e o (Full Comb
@ Stat. Uncertainty
PR Full Uncertainty
o
_______________ R ---------oomoo-oooo
®
_______________________ -
®
-
S
—

| | | | 1 | 1 I | | | I | | 1 I | | | I | 1 | I | | | I | | | I | | | I |

80280 80300 80320 80340 80360 80380 80400 80420 80440 80460

my, [MeV]

27

Source:arXiv:1701.07240



Introduction to fit setup

implemented histogram-based fit in HistFitter

multi-bin fit of pf in 20 bins from 30 to 50 GeV

H_data = mu_tau™H_tau + mu_mu*H_mu + mu_B*H_B + syst
= mu_mu*Rtaumu*H_tau + mu_mu*H_mu + mu_mu*RBbkgmu*H_B + syst
= mu_mu*( *H_tau + H_mu + *H_B) + syst

so we have one overall normalisation scale factor and
scale factors

used AsimovData (so summed up background without smearing, fit
should not pull the branching ratio)

28



< 0.14
0.12

0.1

0.08
0.06
0.04
0.02

Relax Cuts

ATLAS

Work in progress

20 30 40

50
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60

-l

W — uv

W — 1v

Z — uu, TT

top quarks
diboson

multi-jet

lJ_I_Il_Ill

/70

SR
80 90 100
P [GeV]



Ranking plots

Pt+ Pt- Pt+ and Pt-

Pre-fit impact on RmSIG

Pre-fit impact on RmSIG

Pre-fit impact on RmSIG

[l TnY

NERRRERRERE R RRRREE T T T[T T T[T TrrrT T T T T[T T[T TrrT]
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Extrapolated systematic uncertainties

Fitted polynomial function 2nd order to the first half of the histogram

e st approach: Take fit function as systematic unc. for pT values <
30 GeV

e 2nd approach: Re-evaluate the systematics in the range between
30-40 GeV by taking the mean of the old systematic and the fit
function

2] B
C B "
L% 0.003E Muon Resolution down
- systematic for Z u
0.0025(—
0.002F
0.0015—
0.001—

20I | | |

31 p. [GeV]



Results with more Statistics
_pT+andpT- mT+and mT-

3 3
%) 600x_l10I T I I T T I_ % 180fl10I T T I T T T T I I T T T I_
0] — ATLAS Work in progress e Asimov Data ] S 460 - ATLAS  Work in progress e Asimov Data =
Ny 00 - —— Standard Model ] « C ——— Standard Model -
@ 900— — -1 W — uv ] 8 140 Ve -1 W — uv -
2 - Vs=7 TeV, 4591.01 pb W o ] £ - Vs=7 TeV, 4591.01 pb W — v -
0 400/ B Z >, v 3 @ 1201~ B Z >, v =
- [ top quarks . - [ top quarks -
- ] diboson - 100 ] diboson ]
300— @ multi-jet — 80 - @ multi-jet =
200/ — 60— —
3 . 40F- e
100 —] - .
] 20 ~—~
[o) = o)
811 = 3
% 1§=--=—--'---'--'--'--l---l--l--t--l---I--l--l---I---I--l--I---I---I- %
] F ]
T09E 8
] E. . o b by by b by by b Ly @] PR N SN T N TN N T T [N T T TN TN [N TN TN TN TN AN TN SN TN SN AN S TN ST TN T T S S TN N T W
30 32 34 36 38 40 42 44 46 u'48 50 60 65 70 75 80 85 90 95 100
p; [GeV] m¥" [GeV]
Parameter initial value and error fitted value and error Parameter initial value and error fitted value and error
Rtaumu_SIG 1.00 £+ 0.000100 1.00 + 0.143262 Rtaumu_SIG 1.00 + 0.000100 1.00 £0.173735

e Error on POl is 14.3% e Error on POl is 17.4%

e Statistical error is 4.8% e Statistical error is 5.8%
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Maximum Likelihood

ldea: Maximize log L(y) in all bins 2

—log L(p) = (uS + B) +log n! = log(uSfi(xe) + Bfs(xe))

e=1

@ Attention: The used Likelihoods depend on normalization factors and
statistical uncertainties

*Source [2]

33



Maximum Likelihood

Idea !: Find probability model for receiving n events in the data where the
variable e has a value x.

n

P(x1...xn|n) = Pois(n|uS + B) H (,US : fs(Zeg —_II: g fB(Xe))

e=1
S: number of signal events
B: number of background events

fs(x) and fg(x): signal and background shape
1: signal strength

'Source [2]
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Neural Network

1 hidden layer with 50
nodes

14 input variables

* Desired output should be
O for muons and 1 for

taus

35 Source:arXiv:1701.07240



Pt of positive muons

before fit after fit

x10° x10°

2500 1T T T T T ] 2500 1T T T T ]
(0] | : _ (0] | : |
o} —ATLAS  Work in progress e Asimov Data - o} :ATLAS Work in progress e Asimov Data -
QZOOO - (s=7 TeV, 4591.01 pb’’ —— Standard Model - %2000 - Vs=7 TeV, 4591.01 pb’’ —— Standard Model
2 C N 2 r ]
1500 — — 1500 — —
1000[— — 1000{— —
500 — 500/ — -
— i o) u ]
S11E""u, g1 "n.
§ - "Tamg, § - .....ll
S {eeeseeeseeeslii sy S {fe-eeeeeeeeeeslBitrresssnsssssss
O] c © C
T09F T09F
(] E P I T S TR WA [ T T T SN AN RN SR TR SO (N TN SO T S NN SO T S | E P T N S T WA TR [ SO T NN SR N TR TR MO TR [ SO T S SR N S R S
20 25 30 35 40 45 90 20 25 30 35 40 45 20
o o
T T
Parameter initial value and error fitted value and error
alpha_Lumi 0.00 4 1.000000 0.00 £ 0.999991
mu_SIG 1.00 4= 0.000100 1.00 £ 0.019008

Rtaumu_SIG 1.00 = 0.000100 ( 1.00 == 0.007869 )

Table: Floating fit parameters for the analysis involving signal region SR, before (left) and
after (right) the background-only fit. The quoted fit errors come from HESSE.
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Events / 100.0

Data / Model

Neural Network with 14 Input Observables

before fit

after fit

e Asimov Data

\:\\\\\:\
—— Standard Model

10° x10°
900" " LN BRI BRI B ] T - © QOO T
— ] o — .
800 f_ATLAS Work in progress e Asimov Data —f g 800 :_ATLAS Work in progress
- ; _ »n -
700~ Vs=7 TeV, 4591.01 pb’ —— Standard Model ~ — S 700 Vs=7 TeV, 4591.01 pb”
— oo ] > —
600 W - = " 600
5005— - W = v E 5005—
400 — 400
300 = 300
2002— —i 2002—
1002— —i 1002—
— 6 =
1.1 S11E
1E- § 1E
0.9F %0.9 =
E. cao v v by oy v v by v v by v v by o v by o o by v by W W SR T
0O 01 02 03 04 05 06 07 08 09 1 0 0.1
00
Parameter initial value and error fitted value and error
alpha_Lumi 0.00 &= 1.000000 0.00 4= 1.000007
mu_SIG 1.00 £ 0.000100 1.00 £ 0.019009
Rtaumu SIG  1.00 =+ 0.000100 ( 1.00 + 0.007528 )

Table: Floating fit parameters for the analysis involving signal region SR, before (left) and
after (right) the background-only fit. The quoted fit errors come from HESSE.
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