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Higgs Boson Mass

> The mass of the Higgs Boson (my) is not predicted by the SM: need to measure it

» Measurement required for precise calculation of EW observables

> incl. Higgs production and decay properties
> High mass resolution (1-2%) channels: H — vy and H — ZZ* — 4¢

Measurement:

» mpy measured from the position of the peak in the 4¢ or v+ invariant mass distribution

> Using constraints on E and p scale and res. of leptons and photons from control samples
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https://indico.cern.ch/event/466934/contributions/2575352/
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> Fully reconstructed Higgs boson

» BR~13x107% @ 13 TeV

» High S/B ~ 2.3

> my resolution: 1-2% my
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—e Data ATLAS Preliminary
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> BR~2x 1073 @ 13 TeV
> Low S/B ~ 0.02

> my resolution: 1-2% my

More info in talks by Ruchi Gupta, Tamara
Vazquez Schroeder, and Andrea Gabrielli J
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https://indico.cern.ch/event/466934/contributions/2589250/
https://indico.cern.ch/event/466934/contributions/2589280/
https://indico.cern.ch/event/466934/contributions/2589280/
https://indico.cern.ch/event/466934/contributions/2589245/

ATLAS Run-1: H - yyand H - ZZ* — &4
Phys. Rev. D. 90, 052004 (2014)
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oL '., * 14004 Channel Mass measurement [GeV]
056 1 Jdo.o2 H-yy 125.98 +0.42(stat) -0.28(syst) =125.98+0.50
o H—ZZ*—4¢ 124.51+0.52(stat) £0.06(syst) = 124.51+0.52
110 115 120 125 130 135 140 ° Combined 125.36+0.37(stat) +-0.18(syst) =125.36+0.41
m, [GeV]

20 compatibility with individual channels (P = 4.8%)
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.052004

Object Reconstruction in Run-2

Global calorimeter energy scale (after energy corr.)

» Determined from Z — eTe™

> Verified using J/¢ — eTe™ and Z — {0y

Muon momentum and scale calib.
> Obtained from J/v — ptu~
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-046

Run2-H— 2% — 4/

Common Event Selection (details in backup):
» 2 OS SF leptons, pr(¢1,£2,¢3) > (20,10,15) GeV; 4th lepton: pr > (5,7) GeV (p,e)
> Vixgp cut to handle increase in bkg. due to muon pgi‘ cut relaxed from 6 to 5 GeV
> BDT(p%, nae, ME Kp) separating H — ZZ* — 4( form ZZ* — 4¢ (6% better mass res.)

> With myz constraint to improve 4-lepton mass resolution (15% improvement)
> Using events with 110 < myy < 135 GeV

> T T T T T T T T
& 5o LATLAS Preliminary ¢, 252, o5 oy |
o oz oa BRI
N 137V, 36.1 1 B Backgrouna Z ets,
@ 40F Wi Uncertainty b
Final state  Signal (125 GeV) 77" Z + jets, tt, WZ, ttV,VVV  Expected Observed §
Em 20.6 £ 1.7 15.9+1.2 2.0£0.4 385+21 38 w
2e2p 146+1.1 11.2+0.8 1.6+0.4 275+ 1.4 34
2u2e 112+1.0 7.4+0.7 22+04 208+1.3 26
4e 11.1+1.1 71407 21+04 20.3+1.3 24
Total 57+5 41.6 +3.2 8.0+1.0 107 +6 122
90 100 110 120 130 140 150 160 170
m, [GeV]
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Run 2 - H— ZZ* — 4/ — Measurement

H HR H meas true.
> Per-event method, using probability of measuring my;°* for a true mass mj}":

SmH mzrzeas /F(mmeas true) BW(mtrue mH) dmtrue

> Lepton energy response PDF parameterized as 33 =1 Wg " N(mgyeas — miin ,,ug,og)

obtained separately for e and p and depending on Iepton energy and detector region

> Response function F derived from lepton energy response functions and parameterized as
meas truey __ meas true.
F(my™™® — mgy™®) = E wg - N(mgg™ — mgy"®; g, og)

(4 N\ obtained form 3* = 81 N distributions replacing close-by dist. by one, until 4 remain)

> Maximizing likelihood function (for N events)
& k k k
L(mpy) = H |:Sm,_), ( rrzeas( )) + B( meas( )):|
k=1
> Validation using Z — 4¢ events: mz within 1.3c of world average (data)

> Cross-check with template method: stat. unc. on same-size data sample is 1.4% larger

K. Potamianos (DESY) July 6, 2017 7 /13



Run2-H— 2% — 4/
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Template method cross-check: Amy = 0.16 GeV
uncertainty: 345 GeV (stat @ sys) [+35 MeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-046

Run 2 - H — ZZ* — 4/ - Compatibility Between Channels
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» my compatible with independent measurements in each channel

K. Potamianos (DESY) July 6, 2017 9 /13



Run 2 - H — ~vy

Common Event Selection (details in backup):
Two photons with ET > 25 GeV and |n| < 2.37 (excl. 1.37 < |n| < 1.52)

> Leading (sub-leading) photon with E+/my~ > 0.35 (0.25) with tight ID and isolation
> Using events with 105 < m, < 160 GeV
> Using 31 categories with different Om,~ and S/B
» Categories optimized for measurement of simplified template cross-sections
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-046

Run 2 - H — ~vy

mj7 = 125.11 + 0.21 (stat) + 0.36 (syst) GeV = 125.11 + 0.42 GeV
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Consistency checks:

4;[GeV]

Systematic effect

smY’ [MeV]

LAr cell non-linearity

Layer calibration

Other material (not ID)

Lateral shower shape

ID material

Conversion reconstruction

Z — ee calibration

Background model

Signal model

Primary vertex effect on mass scale

> Effect of mis-calibration checked using two categorization schemes, using

> impact point in the calorimeter: |n| < 1.37 (barrel, B) or || > 1.52 (endcap, E)
> conversion status: converted (C) or unconverted (U)

> Effect of common p (with SM relative ratios), instead of one per production mode: 20 MeV
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Preliminary Run-2 Combination

L(mu, (72 (mp), fid g (mi), B3 (mi)s A3 (M), Aty (mi), 0(mi) )

A(my) = L(s. GZZ 007 Y pYY pY g
(mHuu‘ "u'ggH“u'VBF"uVH"uttH’ )

Good agreement with Run-1:
> ATLAS:
my = 125.36 £+ 0.41 GeV

> ATLAS4CMS:
my = 125.09 £ 0.24 GeV

‘ —_ Combine&

= E T

£ 14T ATLAS Preliminary Combined

o [ s=13Tev,86.1f0"  —
b Sty Am77 = 0.23 + 0.42 (stat) + 0.36 (syst)
10 .

=0.23 £ 0.55 GeV

8- ./
6 .,-" " Source Systematic uncertainty on my [MeV]
4: i LAr cell non-linearity 90
r E i LAr layer calibration 92
oF i Non-ID material 60
L o v Io ID material 50
ob—L e 7 L Lateral shower shape 50
124 125 126 Z — ee calibration 30
m,, [GeV] Muon momentum scale 20
Conversion reconstruction 20
ATLAS-CONF-2017-046
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-046

Summary

> Improved measurements of my in the H — v and H — ZZ* — 4¢ channels
with 36.1 fb~! of data at a centre-of-mass energy of /s = 13 TeV

» Using latest calibrations for muons, electrons, and photons, and improved

analysis techniques w.r.t. Run-1

> Result in excellent agreement with, and similar uncertainty to, LHC Run-1

average my = 125.09 £+ 0.24 GeV

L B B B T T LI |
ATLAS Preliminary
—— Syst.
Vs = 13 TeV, 36.1 fb" Total [ St [ Sys
Total  Stat. Syst.
LHC Run 1 125.09 £0.24 (£ 0.21+£0.11) GeV
H—>ZZ*—41 124.88 £ 0.37 (£ 0.37 £ 0.05) GeV
H-yy [ 1125.11+ 0.42 (+0.21+ 0.36) GeV
Combined g 124.98 +0.28 ( +0.19 + 0.21) GeV
- A IR RS N P P -
124 1245 125 1255 126 126.5
my [GeV]

July 6, 2017

13 /13



Backup Slides




Backup

References

» Phys. Rev. D. 90, 052004 (2014): "Measurement of the Higgs boson mass from the
H — yyand H — ZZ* — 4¢ channels with the ATLAS detector using 25 fb~! of pp
collision data"

» ATLAS-CONF-2017-032: "Measurement of inclusive and differential fiducial cross
sections in the H — ZZ* — 4{ decay channel at 13 TeV with the ATLAS detector"

» ATLAS-COM-CONF-2017-045: "Measurements of Higgs boson properties in the
diphoton decay channel with 36.1 fb—1 pp collision data at the center-of-mass energy
of 13 TeV with the ATLAS detector"

» ATLAS-CONF-2017-046: "Measurement of the Higgs boson mass in the
H — ZZ* — 4¢ and H — ~v channels with /s = 13 TeV pp collisions using the
ATLAS detector "

K. Potamianos (DESY) July 6, 2017 15


http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.052004
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-032
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-COM-CONF-2017-045
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-046

Backup

H — ZZ* — 40 Event Selection

Leptons and jets

Muons: pr > 5 GeV, n| < 2.7
Electrons: pr > 7 GeV, |n| < 247
Jets: pr > 30 GeV, |y| < 4.4

Jet-lepton overlap removal:  AR(jet,¢) > 0.1(0.2) for muons (electrons)
Lepton selection and pairing

Lepton kinematics: pr > 20,15,10 GeV

Leading pair (m12): SFOS lepton pair with smallest |mz — myy|

Subleading pair (mg4): remaining SFOS lepton pair with smallest |mz — myy|
Event selection (at most one quadruplet per channel)

Mass requirements: 50 < m1o < 106 GeV and 12 < m3y < 115 GeV

Lepton separation: AR(;,£;) > 0.1(0.2) for same- (different-) flavour leptons

J /v veto: m(l;,4;) > 5 GeV for all SFOS lepton pairs

Mass window: 115 GeV < myy < 130 GeV

K. Potamianos (DESY) July 6, 2017 16
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Events / 2 GeV

Events /2 GeV
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H — ~v Event Selection

Process Meamuroment rogion

Stage 1 rogion
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Modeling

. . o[pb]
Process Generator Showering PDF set Order of calculation V5 = 13 TeV
ggH Pownec NNLOPS PYTHIAS PDF4LHC15 N®LO(QCD)+NLO(EW) 48.52
VBF PowHEG Box Pyruia8  PDF4LHC15 NNLO(QCD)+NLO(EW) 3.78
WH PowHEG Box PyTHIAS PDF4LHC15 NNLO(QCD)+NLO(EW) 1.37
qq — ZH PowHEG Box PyTHia8  PDF4LHC15 NNLO(QCD)+NLO(EW) 0.76
99 — ZH PowHEG Box PyTnia8  PDF4LHC15 NNLO(QCD)+NLO(EW) 0.12
ttH MADGRAPH5_AMC@NLO PYTHIAS NNPDF3.0 NLO(QCD)+NLO(EW) 0.51
bbH MADGRAPH5_AMC@NLO  PYTHIA8 CT10 5FS(NNLO)-+4FS(NLO) 0.49
tHqb MADGRAPH5_AMC@NLO  PyYTHIAS CT10 4FS(LO) 0.07
tHW MADGRAPH5_AMC@NLO HERWIGH++ CT10 5FS(NLO) 0.02
¥y SHERPA SHERPA CT10
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