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The LHC in Run-2
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* Excellent performance by the LHC this year.

Mean Number of Interactions per Crossing

* The results shown here represent 13.3-14.8 fb-! of data
at 13 TeV recorded in 2015 and 2016.

- Our sensitivity to the Higgs is now higher than it was in
Run-1.

10th Annual Meeting of the Helmholtz Alliance, November 22, 2016, DESY Hamburg



HIQQgs Boson Production
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageAt13TeV
http://arxiv.org/abs/1101.0593
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Run Number: 304431, Event Number: 2206548301
Date: 2016-07-25 05:01:07 UTC
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Recovering Efticiency With Loose Leptons
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ATLAS-CONF-2016-/9

Fvent Selection

*Electron Er>7, muon p1>5 (excepting calo-tag muons)

- Leading leptons in the quadruplet must have pr of at least 20,
15, and 10 GeV

- |solation requirement to remove leptons from jets

- do-significance requirement to remove leptons from heavy-tlavor
decays

- Leading Z mass between 50<my<106 GeV, subleading
12<my<115 GeV

* Exploit properties of the event
- 4¢ vertexing constraint

- my2 (+FSR photons) kinematically constrained to mz to improve
the resolution.

* mprovements in Run-2
- IBL provides superior rejection of electron backgrounds
- Muon pt cut from 6 to 5 GeV, +8% acceptance 10
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The HIggs Peak
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Final State Signal Signal 27" Z + jets, tt S/B  Expected Observed
full mass range nvV,vvv, Wz

4u 8.8 +£0.6 82+06 3.11+030 031004 24 11.6+0.7 16
2e2u 6.1 £04 55+04 2.19+0.21 030+£0.04 22 80+04 12
2u2e 48+04 44+04 139+016 047+005 23 62+04 10
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Total 245+1.8 223+1.6 82+0.8 1.54+0.18 23 320+1.8 44

11



ATLAS-CONF-2016-079

Background Estimates

of Myz.
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Flduma\ Cross-Section

ATLAS Prellmlnary

] | H->2ZZ >4 - Final state measured o gq [fb] ofid,sm [fb]
B 13 TeV, 14.8 fb™
i - ” 1.28 708 0.93 0%
. 4e 0.81 034 0.73 +0:
: . 2p2e 1.29 ¥02% 0.67 *00s
3 . 2e2u 1.10 #0-0 0.76 002
7 | omsaime Tiot = 81716 pb

— Exp. stat. + syst. unc.

Otot,SM — 555:312 pb

1 .
of \M 1 Uncertainties are stil statistically dominated.

12 14

o [t Compatible with SM at 1.6 o.
e Fiducial cross-section is independent of assumptions about
acceptance tactors or branching ratios » Ns

- Reduces model dependence channel —C Lint

- Only need to correct for detector efficiencies and resolution

e Fiducial cross-section is obtained from a likelihood fit to the
My, distribution for 115< m4, <130 GeV.

- Total cross-section is then obtained assuming SM BR and
acceptance.

13
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ATLAS-CONF-2016-079
Cross- sectlons by Production Mode
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O ggF+bbH+ttH" BH—Z7*%is1.10 and Over * B(H = Z7Z%) is 1.40.

eEvents in the 118<mu<129 GeV range are sorted into
exclusive categories.

- Except in VH-leptonic, a BDT is used to enhance sensitivity.
« Signal obtained from a likelihood fit to the BDT output.

- The cross-section is then obtained assuming mpy=125.09 GeV.
14
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Summary and Conclusions

* The Higgs is rediscovered at /s=13 TeV!

e Utilizing the 4¢ decay channel, a number of

measurements of Higgs properties are made with
the new 13 TeV dataset.

- No significant deviations from the SM are observed.

e Since ICHEP 2016, our 13 TeV dataset has more
than doubled.

- New, more precise tests of the SM are on the way.

15
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Signal Strength and Total Cross-Section
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No deviations from the SM prediction are observed
In the total cross-section or global signal strength.
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ATLAS-CONF-2016-079

BSM Sensitivity

JHEP 11 (2013) 043
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any value of the BSM couplings.
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1
A

e Exclusive event category yields are also used to probe for
BSM interactions.

* BSM effects are parameterized using the Higgs
characterization model

- BSM couplings knyy (scalar) and kayv (pseudo-scalar) are studied
(assuming cos(a)=1 and the couplings are the same for W and 2).

- VBF and VH production yields scale with kesm®.

18
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ATLAS-CONF-2016-079

BSM Sensitivity

12 T 1 ‘ I | I | \:
0 f SR :
= | ATLAS Preliminar = | ATLAS Preliminar
= nan —Observed ;| = b y — Observed /|
J 10 H—>ZZ* - 4 f = ~ 10 Hi= ZZ" — 4l {-

h | B :. _ 1 | . 1 :' —
13Tev, 148" Expected - 13 TeV 148f7" Expected ;

Khvy
Not excluded KHVY Kayy - SIN @
range at 95% CL | expected observed | expected observed
[-6.3,5.1] [0.9,7.5] | [-6.3,6.5] [-9.7,11.0]

 Limits are derived from a fit to the yields (no kinematic
information is used), considering one coupling at a time.

- ggF production is fixed to the SM value for the fit.

 Limits are weaker than SM expectation.

- kKnvy 1S 2.10 compatible with O and kayy 1.80.
19


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-079/

E weights / GeV

E weights - bkg

H ->YY

—e— Data

------ Background

—— Signal + Background
—— Signal

>
.
.
.
-
e
-

ATLAS Prellmlnary
Vs=13TeV, 13.3fb™
H—yy, m, =125.09 GeV

S/B weighted sum of
event categories

RN :
110 120 130 140 150 160
m,., [GeV]

ATLAS-CONF-2016-067

e Events are split into 13 different exclusive categories, based on

- Production modes

- Decay products of particles produced with the Higgs

 The fiducial measurement uses the inclusive distribution instead.

e Background shape is parametrized in each category from MC, and fit to

data.

e Signal is extracted from a simultaneous fit to the m,, distribution across all

categories.

20
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ATLAS-CONF-2016-081

Combined yy-4¢ Results

ATLAS Preliminary m,=125.09 GeV
/s=13 TeV, 13.3 b (yy), 14.8 fb ™' (22)

-8~ Observed 68% CL SM Prediction

g 70 : T | T T T I T T T I T T T T T T I T T T
(0B, ~- = - ATLAS Preliminary * SM
B _ o 60 4 Best fit —
i - Vs=13TeV, 13.3 fb(yy), 14.8 fo(Z2) — 68% CL
(c-B)" - .8 n o .
goF o 90C m,=12500Gev st e
= - . - —H — vy .
0B, . T —Hoza
(© Blge —— OF ) E
] | 201 =
(0 . B)\\{/\{Hhad ¢ :
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VHlep — C - ‘." ]
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11 | 11 | | | 11 | 11 | | O 20 40 60 80 1 OO
4 2 0 2 4 6 (0 B)f e/ BE,PP]

Parameter value norm. to SM value

e Each oixBR' parameter is treated as independent in
the fit: results are shown upper lett.

* Upper right plot shows the fit result divided by the
SM BR.
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Combined Cross-section Results

ATLAS Preliminary m,=125.09 GeV ATLAS Preliminary m_=125.09 GeV
\s=13 TeV, 13.3 b (yy), 14.8 b (Z2) 's=13 TeV, 13.3 b (yy), 14.8 fb™' (Z2)
-8~ Observed 68% CL SM Prediction -8~ Observed 68% CL SM Prediction
OggF @
i | ( )ZF —g—
Ovgr —— - .
O\VHhad ® B''/B¥#| wem
OvHiep ® i |
B N OVBF/OggF e
Oop ————
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII ||||||III|IIII|IIII|IIII|
54 -3-2-10 1 2 3 4 5 0 1 2 3 4 5
Parameter value norm. to SM value Parameter value norm. to SM value

e | eft: BRs are assumed to take their SM values.

*Right: the oixBR' values are parameterized in terms of the ratios o/
Ogqr and BR/BR*.

* All results are consistent with SM expectations.
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4¢ Event Selection

Puysics OBJECTS

ELECTRONS

Loose Likelihood quality electrons with hit in innermost layer, Et > 7 GeV and || < 2.47

Muons
Loose identification
Calo-tagged muons with pt > 15 GeV and |n| < 0.1

Combined, stand-alone (with ID hits if available) and segment tagged muons with pt > 5 GeV

JETS

anti-k7 jets with pt > 30 GeV, || < 4.5 and passing pile-up jet rejection requirements

EVENT SELECTION

QUADRUPLET
SELECTION

Require at least one quadruplet of leptons consisting of two pairs of same-flavour
opposite-charge leptons fulfilling the following requirements:

pr thresholds for three leading leptons in the quadruplet - 20, 15 and 10 GeV

Maximum one calo-tagged or standalone muon per quadruplet

Select best quadruplet to be the one with the (sub)leading dilepton mass

(second) closest the Z mass

Leading di-lepton mass requirement: 50 GeV < mp < 106 GeV

Sub-leading di-lepton mass requirement: 12 < m3q < 115 GeV

Remove quadruplet if alternative same-flavour opposite-charge di-lepton gives mg <5 GeV
AR(¢, ") > 0.10 (0.20) for all same (different) flavour leptons in the quadruplet

IsoLATION

Contribution from the other leptons of the quadruplet is subtracted
Muon track isolation (AR <= 0.30): Xpt/pt < 0.15

Muon calorimeter isolation (AR <= 0.20): XEt/pt < 0.30
Electron track isolation (AR <= 0.20) : ZE1/E1 < 0.15

Electron calorimeter isolation (AR <= 0.20) : 2E7/Er < 0.20

IMmpPACT
PARAMETER
SIGNIFICANCE

Apply impact parameter significance cut to all leptons of the quadruplet.
For electrons : dy/og, < 5
For muons : dy/og, <3

VERTEX
SELECTION

Require a common vertex for the leptons
x*/ndof < 6 for 4u and < 9 for others.

23



Electron and Muon Performance
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simulation.
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M4, distributions per channel
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Events/2.5 GeV

Events/2.5 GeV

My, distributions per channel (BDT,7>0)
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Fiduclal Volume

Lepton definition

Muons: pt > 5 GeV, |n| < 2.7

Electrons: pt > 7 GeV, |n| < 2.47

Pairing

Leading pair:

Sub-leading pair:

SFOS lepton pair with smallest [mz — mg|
Remaining SFOS lepton pair with smallest [mz — mg|

Event selection

Lepton kinematics:
Mass requirements:
Lepton separation:

J/¥ veto:
Mass window:

115 < mye < 130 GeV

Leading lepton pt > 20, 15, 10 GeV
50 < mjp < 106 GeV; 12 < m3q4 < 115 GeV
AR({;, €;) > 0.1(0.2) for same (opposite) flavor leptons
m(€;, €;) > 5 GeV for all SFOS lepton pairs

NData(m4€)i = -Lint ) O-tOt ) Z3(1_1 - 45)

(fl : PDF(mM)sig,i ) Z(rproc : ﬂproc,i ' Cproc,i) + PDF(mM)bkg,i : kag,i)-

proc

Acceptance factors A[ % |

Decay Production mode

Channel ggF VBF WH ZH ttH
4u 509 55.0 438 465 53.6
4e 39.6 439 344 360 44.6
2u2e 40.0 429 340 355 424
2e2u 459 486 38.0 404 47.2

Correction factors C[ %]

Decay Production mode

Channel ggF VBF WH ZH ttH
4u 62.6 642 608 605 4138
4e 42.1 432 43.0 427 38.7
2u2e 46.9 50.9 49.1 48.6 41.7
2e2u 53.1 5477 51.8 50.2 36.7
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Exclusive Categories Yields

Table 12: The expected and observed yields in the O-jet, 1-jet, 2-jet with m;; > 120 GeV (VBF-enriched), 2-jet
with m;; < 120 GeV (VH-enriched) and VH-leptonic categories. The yields are given for the different production
modes, assuming my = 125 GeV, the ZZ* and reducible background for 14.8 fb~! at /s = 13 TeV. The estimates
are given for the m4, mass range 118—129 GeV. Full uncertainties are provided.

Analysis Signal Background Total Observed
category ggF + bbH + ttH VBF WH 7ZH 77" Z + jets, tt expected
0-jet 11.2+1.4 0.120 £ 0.019 0.047 £0.007 0.060 £ 0.006 6.2 +0.6 0.84+0.12 184+1.6 21
1-jet 57+2.4 0.59+0.05 0.137+0.012 0.091 £0.008 1.62+0.21 044+0.07 8524 12
2-jet VBF enriched 1.9+0.9 0.92+0.07 0.074 £0.007 0.052+0.005 0.22+0.05 024+0.11 3.4+0.9 9
2-jet VH enriched 1.1 +0.5 0.084 = 0.009 0.143 £0.012 0.101 £0.009 0.166 +0.035 0.088 +0.011 1.6 +0.5 2
VH-leptonic 0.055 + 0.004 < 0.01 0.067 £0.004 0.011 +£0.001 0.016 £0.002 0.012 +£0.010 0.16 = 0.01 0
Total 20+ 4 1.71£0.14 047 +£0.04 0.315+0.027 82+09 1.62 +0.07 32+4 44
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DESY Group Efforts

e Focused on the H->4¢ differential cross-section
measurement on a ~Moriond timescale.

e TWO main efforts:

- Reducible background shapes, for both muon and
electron backgrounds.

- Unfolding validation: compare the current bin-by-bin
unfolding method used in the analysis to other methods
to evaluate possible biases.

- Manpower: Sarah, me.
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Reducible Background Shapes

* The differential cross-section analysis will use the
variables pra4 (inclusive, in the 0-jet region, and in the 1-jet

region), Yas, Niet, M12, M34, M12 VS. M34, COS(O*), and
leading jet pr.

e Reducible background from Z+jets and tt is a relatively
small effect but needs to be modeled.
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