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= Discovery of the H(125) at CMS and ATLAS
= ATLAS and CMS experiments

= Reconstruction and particle identifications
= Statistical methods in HEP

= Latest results related to H(125)
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LHC time line :

1992 : expressions of interest

1995.10 : LHC TDR published

2009.11: first pp collisons at CME=900 GeV
2010.2: first pp collisions at CME=7 TeV
2011: CMS and ATLAS recorded ~5/fb of data
2012: CMS and ATLAS ~20/fb at CME=8 TeV
2015 — 2018 data-taking at CME = 13 TeV
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Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel detector .

LAr eleciromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker @




Superconducting Solenoid

P | |
I/l % P | | Silicon Tracker Diameter 14.6 m
Very-forward ' Pixel Detector Length 21.6 m
Calorimeter Weight 12500 t

Calorimeter
Electromagnetic
Calorimeter

Compact Muon Solenoid
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ATLAS

EXPERIMENT

Run Number: 337705, Event Number: 1829797121

Date: 2017-10-10 20:23:52 CEST

An event display



https://cds.cern.ch/record/2758264

ATLAS TRIGGER AND DATA

~1 GHz CALO MUON TRACKING
Bunch crossing

I |
rate 40 MHz
Pipeline
LEVEL-1 mgﬂuries
TRIGGER

ACQUISTION

<75 (100) kHz
Derandomizers

Readout drivers
Regions of Interest (RODs)
LEVEL-2 Readout buffers
TRIGGER (ROBs)
~3.5 kHz
Event builder
EVENT FILTER Fu"-ﬂimj buffers '
~200 Hz processor sub-farms Ji

Data recording @




FINAL STATE SIGNATURES

Electron
Photon
Proton
Neutron
Neutrino

Hadronic
Calorimeter

The dashed tracks

Electromagnetic

Solenoid magnet
Transition
Radiation
Tracking Tracker
Pixel/SCT
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JET ALGORITHM

Calorimeter jet

\ -
A
Particle jet ! ;] K etc
i
Wiy
— — — g — o

Theoretical requirement to jet algorithm choices

# Infrared safety T
# Adding or removing soft particles
should not change the result of jet =

clustering infrared sensitivity
& Collinear Safet‘y‘ (artificial split in absence of soft gluon radiation)

# Splitting of large p+ particle into =
two collinear particles should not
affect the jet finding t
# Invariance under boost collinear sensitivity (1)

(signal split inte two towers below threshold)

# Same jets in lab frame of reference
as in collision frame

# Order independence

# Same jet from partons, particles,
detector signals

& Many jet algorithms don't fulfill above
: collinear sensitivity (2)
FEEIUIFEH'IEﬂtS! (sensitive to & ordering of seeds)

ParticleID, Nov 30, 2011 37
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http://arxiv.org/abs/hep-ph/0512210v2 “ ’
O

JET FINDING ALGORITHM (KT)

1. For each pair of particles i, j work out the k, distance di; = min(k7, k;) R;; with
R‘E (7 — nj)* + (i — &j)*, where ki, 1; and ¢; are the transverse momentum,
rapidity and aﬂmuth of particle i; for each parton 2 also work out the beam distance

_ 1.2

2. Find the minimum d, of all the d;ij, dip. If diyin is a di; merge particles ¢ and j into
a single particle, summing their four-momenta (alternative recombination schemes
are possible); if it is a d;p then declare particle i to be a final jet and remove it from
the list.

3. Repeat from step 1 until no particles are left.

e



http://arxiv.org/abs/0802.1189v2

GENERALIZATIONS
(ANTI-KT, CAMBRIDGE / RACHEN

Cam/Aachen, R=1 |

AQ
L — g 2p 1.2p\ %)
d;; = min(k;, ,ktj T2
_1.2p
diB — kt?j ’
p=0=> CA
p=1 => kT

p=-1 => anti-kT
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B-TRGGING

* MV2c¢10 algorithm —% tracks b jet

BN Elacsiffer 250 S0 (et el e TUE g e b hadron

*Training on simulated ttbarevents isact
-signal: b-jets parameter
-background: light-jets (90%) and charm-jets (10%)

secondary

] : vertex
* Input variables related to the features of b-jet T

-

light jet %

* Large positive impact parameters (IP) .~ Primary vertex

* Significant secondary vertex (SV)

* B-hadron decay chain inside the jet-cone (JF) . ,
light jet
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misclassification error
Gini index
Cross entropy
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Event fraction

B-TAGGING PERFQI

MANCE
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https://cds.cern.ch/record/2261772/files/ATLAS-CONF-2017-029.pdf

ARTIFICIAL NEURAL NET
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ANN MATH
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https://cds.cern.ch/record/2273281/files/ATL-PHYS-PUB-2017-013.pdf

arXiv:1207.7214v2

DISCOVERY PAPER(ATLAS)

L(fb!) | Higgs decay channels

2011 7TeVpp 4.8 Z2* , WW+*,bb, 11, 4-lepton(improved), yy (improved)
20128TeVpp 5.8 ZZ*(4-lepton),yy, WW* - evuv

Abstract

A search for the Standard Model Higgs boson in proton-proton collisions with the ATLAS detector
at the LHC is presented. The datasets used correspond to integrated luminosities of approximately
4.8 fb~! collected at v/s = 7TeV in 2011 and 5.8 fb~! at /s = 8 TeV in 2012. Individual searches in the
channels H— ZZ"— 4¢, H— yy and H— WW®"— eyuy in the 8 TeV data are combined with previously
published results of searches for H— ZZ®, Ww®), bb and 77~ in the 7 TeV data and results from
improved analyses of the H— ZZ*)— 4¢ and H— yy channels in the 7 TeV data. Clear evidence for the
production of a neutral boson with a measured mass of 126.0_+ 0.4 (stat) + 0.4 (sys) GeV is presented.
This observation, which has.a_significance of5.9 standard deviations jcorresponding to a background
fluctuation probability 0 is compatible with the production and decay of the Standard Model
Higgs boson.
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演示者
演示文稿备注
第一类错误。 P-value, significance

http://arxiv.org/abs/1207.7214v2

Higgs Boson | Subsequent m g Range J L dt
Decay Decay Sub-Channels (GeV] b1
2011 /s =7 TeV
4¢ {4e,2e2u,2ue, 41} 110-600 4.8
H — 77®) ttvy {ee, uu} ® {low, high pile-up} 200-280-600 4.7
tlqq {b-tagged, untagged} 200-300-600 4.7
H — vy — 10 categories {prt ® 17, ® conversion} & {2-jet] 110-150 4.8
o ww AYAY {ee, eu/ue, uu} @ {0-jet, 1-jet, 2-jet} ® {low, high pile-up}  110-200-300-600 4.7
tvqq’ {e, u} ® {0-jet, 1-jet, 2-jet} 300-600 4.7
TlepTlep {eu} ® {0-jet} @ {€€} ® {1-jet, 2-jet, VH} 110-150 4.7
(e, 1} ® {0-jet} ® {EDSS < 20 GeV, EMss > 20 GeV)
H T T, — .
=TT Tlep Thad & (e, 1) ® {1-iet) ® (£) ® (2-jet] 110-150 4.7
Thad Thad {1-jet} 110-150 4.7
Z — vy E%ﬂss € {120 — 160, 160 — 200, > 200 GeV} 110-130 4.6
VH — Vbb W — Ly pITV € {< 50,50 — 100, 100 — 200, > 200 GeV} 110-130 4.7
Z -t pZ € {< 50,50 — 100, 100 — 200, > 200 GeV} 110-130 4.7
2012 +/s =8 TeV
H— 7Z7Z® 4¢ {4e,2e2u,2ue, 41} 110-600 5.8
H — yy — 10 categories {ptt ® 7, ® conversion} & {2-jet} 110-150 5.9
H— wWwt) eviy {eu, ue} ® {0-jet, 1-jet, 2-jet} 110-200 5.8

()



95% CL Limit on p
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演示者
演示文稿备注
Upper limits, p-value, signal strength, 不同道的信号显著性。
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. MENDELZi E X% ( R 77 )

MHNFR e RIS RN EREHE LR, BRA DT L.
ik . RGE . A% . NS % Mendel® 28T S, A
— R GBE Apy = {9/16,3/16,3/16,1/16}.£556 K K%+
R FIX = (315,101, 108, 32)

Hy:p=poVs. Hy :p # po

(315 — 312.75)? N (101 — 104.25)?
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(108 — 104.25)? N (32 — 34.75)?
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T & KFAa = 005636916 18 4 7.815, T AT Ae 4B 28 ) 4R
% . PE= P(x3 > 0.47) = 0.93

T =
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COUNTING EXPERIMENT(COWAN FORMULA)

B FH R FRIAHE, ARGt
N ~ Poisson(s + b)

biﬂﬁﬂs %%ﬁé%n
ﬁﬁii&: § = 0

LR 3 B : b)( )
exp(—s —b)(s +b)"
Lls) = - n!
S AMAFETE: s=n—>
/\:2IHM :2(11111?—5)

L(s=0) b

MG LT R F M, X2 Tn =5+ b:
VA= /2(s +b)In(1 +s/b) —s

CCGV, EPIC 71 (2011) 1554, arXiv:1007.1727

0

med[Z 1]

8

(o)}
- -

“Exact” values from MC,
jumps due to discrete data.

Asimov Vg, , good approx.
for broad range of s, b.

s/Nb only good for s « b.
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7. Statistical procedure

The statistical procedure used to interpret the data 1s
described 1in Refs. [|17,118-121]]. The parameter of in-
terest 1s the global signal strength factor u, which acts
as a scale factor on the total number of events pre-
dicted by the Standard Model for the Higgs boson sig-
nal. This factor 1s defined such that g = 0 corresponds
to the background-only hypothesis and © = 1 corre-
sponds to the SM Higgs boson signal in addition to the
background. Hypothesised values of u are tested with a
statistic A(u) based on the profile likelihood ratio [122].
This test statistic extracts the information on the signal
strength from a full likelihood fit to the data. The likeli-
hood function includes all the parameters that describe
the systematic uncertainties and their correlations.
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LIKELIHOOD FUNCTION. AND LLR

Table Sy 5t n Ta,bl Sy t. 1n
XXIa c Sec. VII C
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. >y
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Hf(Nl)ZB’“B“) Hgﬁtwt Hf (&k | GOk

" NG P N P o
V —v

Poisson for profiled CRs Gauss. for syst. Poiss. for MC stats
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