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Before yesterday:
« Basic introduction

» Overview of the LHC experimental programme and methods

Yesterday:
« Areview of Run-1 physics highlights
*  SM results from the LHC Run-2

Today
* Higgsand BSM searches from the LHC Run-2

« Digressionon precision measurements

* Short outlook to HL-LHC
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First search for ttH production at 13 TeV by CMS

Most interesting of the SM Higgs channels at current luminosity

CMS showed preliminary results for ttH in all major Higgs decay channels: H — yy, multi-leptons, bb

Highly complex analyses, huge effort to get these done so quickly after data taking (already by Moriond 2016)
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Events

First search for ttH production at 13 TeV by ATLAS S
Most interesting of the SM Higgs channels at current luminosity o
) t

ATLAS showed preliminary results for ttH in all major channels and their combination at ICHEP 2016

ttH — multi-leptons Individual channels and combination
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Will cover:

« BSMHiggs (briefly)
 Heavy resonances

*  Supersymmetry

« Long-lived particles
« Dark matter (WIMPs)

Long-Lived
particles
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CMs Preliminary

Heavy resonance searches benefit the most and
fastest from increase in centre-of-mass energy.
Slow improvement with increasing luminosity



Beyond the Standard Model Higgs physics

Higgs sector may be non-minimal and/or Higgs boson may couple to new physics

Diverse search programme:

Light or heavy neutral Higgs bosons

Charged Higgs boson

BSM

Di-Higgs production Higgs
(resonant or not) searches

Higgs as portal to hidden sector

Lepton flavour violating Higgs decays

Exotic Higgs decays

Higgs in BSM decay chains

BSM constraint from coupling

measurements

Taken from: Thibault Guillemin @ SEARCH 2016



One word on lepton flavour violation in Higgs decays

Both experiments have finalised their Run-1 LFV analyses

While H — pe is severely constrained from flavour physics, H — 1y, e are not (~10% limits)
CMS released early 2015 a H — Tty search finding a slight (2.40) excess
Not confirmed by ATLAS in the full Run-1 analysis
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One word on lepton flavour violation in Higgs decays

Both experiments have finalised their Run-1 LFV analyses

New preliminary result with 13 TeV from CMS [ cus-pas-tic- 16005
Six categories considered: (U, UT,) x (0,1,2 jets)
No significant excess, combined limit: BR=-0.8 £ 0.8 % (<1.2% at 95%CL, expected: < 1.6%)

Limit on non-diagonal Yukawa couplings: 1/|Yur|? + | Yeu|? < 3.16 x 1072
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BSM Higgs boson searches

Single BEH doublet and form of potential simple but Nature may be more complex (eg, SUSY)

Beyond the SM “Higgs zoo”

[ Will Davey, LHCP 2014 ]

Higgs coupling to mass, look for decays to tau leptons or weak bosons, for example:
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%ATLAS New physics in events with jets *

J EXPERIMENT

I\

http://atlas.ch
Run: 280464 A‘w—»umhi‘v
Event: 478442529 r{k

2015-09-27 22:09:07 CEST 4

0107 m)

Do quarks have substructure?
an they be excited?




Searches in high-pr multijet final states at 13 TeV

Processes with large cross-sections, sensitivity to highestnew physics scales

High priority early 13 TeV searches

* Dijet resonance and angular

distribution (incl. lower mass via ISR)

« High-p; multijets produced, eg, by

strong gravity

* High-pylepton + jets
(strong gravity)

» Second generation scalar

lepto-quark pair production
(Ho-pq final state, excl. < 1.2 TeV)

None of these searches
showed an anomaly so far

Limits on excited quarks (for
example) at5.6 TeV
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Searches in high-pr multijet final states at 13 TeV

Processes with large cross-sections, sensitivity to highestnew physics scales

A “trigger level analysis” allows to reduce trigger threshold

TLA/Offline (j110)

10*

10?

1.5

0.5F

— e TLAjets
——— Offline jets selected by any single-jet trigger
—— Offline jets selected by j110 single-jet trigger

ly*l < 0.6

ATLAS Preliminary
's=13 TeV, 3.4 fo

T T II|'|T|| IIII|'|'|]]_|_|'|'|'|'|T|| TTIT

;._-—H—o—-.-+_._.—o—+++++_._++++-¢-¢—++

At

500 600

1
y'= §(y1 —¥,)

700 800 900 1000
m, [TeV]

10°

ATLAS-CONF-2016-030

‘ ‘ \
ATLAS Preliminary

{s=13 TeV, 3.4 fb™

« Data
*I_'-,_Iﬂ Background fit

— BumpHunter interval

p-value = 0.44

ly*l <0.6 ‘

Fit Range: 443 - 1236 GeV

500

600

700 800 900 1000

12



Searches in high-pr multijet final states at 13 TeV

Processes with large cross-sections, sensitivity to highestnew physics scales

ATLAS bounds in the coupling-vs-mass plane for leptophobic Z’ model from dijet searches
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Highest mass dijet event measured by ATLAS in 2015 (Vs =13 TeV): m; = 7.9 TeV

GATLAS o - i, e |
EXPERIMENT B Wiy | |
http: //otlusich\.. \ B! I \ 2] |

Run: 280464‘,\ + -

Event: 478442529 7 g -
2015-09-27 22:09:07 CEST
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Highest mass central dijet event measured by ATLAS in 2015 (vs = 13 TeV): m;= 6.9 TeV

htp://utlus.ch

Run: 280673
Event: 1273922482
2015-09-29 15:32:53 CEST



Searches in high-prheavy-flavour final states at 13 TeV

Processes with large cross-sections, sensitivity to highestnew physics scales

Also searches for a b-anti-b and top-antitop resonance
2.6 b (13 TeV)
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Need to understand detector
performance at highest
momentum scales with
practically no control samples
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Searches in leptonic final states

Canonical searches for new physics in high-mass Drell-Yan production (Z' — ¢~/ W’ — $v)

Good Drell-Yan modelling crucial — SM diff. cross-section measurements paired with searches
High-p;ymuons challenge detector alignment (30 um in ATLAS), ~no charge information from electrons
No anomaly found. SSM Z’ / W’ benchmark limits setat 4.0/ 4.7 TeV (2.9/ 3.3 TeV at 8 TeV)
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ATLAS & CMS also lookedinto high-mass ep (LFV) production. Main backgroundhere: top-antitop.
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CMS CMS Experiment at the LHC, CERN
Data recorded: 2015-Aug-22 02:13:48.861952 GMT
Run / Event / LS: 254833 / 1268846022 / 846

« Display of rare colossalete~ candidate
event with 2.9 TeV invariant mass

+ Eachelectron candidate has 1.3 TeV E;
« Back-to-backin ¢
Highest-mass Run-1 events: 1.8 TeV (ee), 1.9 TeV (uy)



Heavy resonance searches

Corollary: future improvements in reach will take more time

Historical data and future extrapolation (lower limits givenin TeV):

95% CL Moriond 300fb™ 3000 fb™
limit (TeV) '16 1132l 14 TeV 14 TeV

Z' — tf 7.8 (?)
a* —qg 0.9 4.1 5.2 5.6 7.4 8
Lol 0.9 1.8 2.0 3.3 5.5

(1.2% width)

ATLAS upgrade:
ATL-PHYS-PUB-2013-003,
ATL-PHYS-PUB-2015-004

CDF:
http://arxiv.org/abs/1101.4578 (4.6 fb-1)
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.031102 (5.3 b ")
http://prd.aps.org/abstract/PRD/79/i11/e112002 (1.1 fb-T)
http://arxiv.org/abs/1211.5363 (9.5 fb-1)

Henri Bachacou @ SEARCH 2016
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Searches for diboson resonances (hh, Vh, V)

High-prof bosons boosts hadronic decay products into merged jets

Hadronic decay modes use jet substructure analysis to :
reconstruct bosons. Important strong interaction backgrounds

Some excess of events around 2 TeV (globally 2.5c for ATLAS) seen at 8 TeV
in VV in fully hadronic channel, not seen in the other decay channels (eg, lvgq)
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Light quanta

(MA—-V Uar.&/[’ an

Used since forever
as detection probe

Recentexample: H— yy
Other example:

Firstmedical X-ray by Wilhelm
Rontgen of his wife Anna Bertha
Ludwig's hand, Nov 1895

[First Nobel price of physics, 1901]

Do, ;
o Tuckbeg Gy (e wveais”
A H‘m Fnrat

Picture of a mirage



Diphoton resonance searches, the 2015 data

Dedicated searches for a spin-0 and a spin-2 diphoton resonance

+ Photons are tightly identified and isolated. Typical purity ~94%, background modelling empirical in
spin-0 (theoretical in spin-2 case for ATLAS)

ATLAS 1606.03833 2.7fb" (13 TeV, 3.8 T)
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Lowestp-value at ~750GeV, ' ~ 45 GeV (6%) Lowestp-value at ~750 GeV, narrow width

Local/global Z=39/2.10 Local/global Z = 3.40/1.60 (Run-1+2 combination)



Diphoton resonance searches, the 2016 results

Repeated ~unchanged analyses with 2016 data

+ Photons are tightly identified and isolated. Typical purity ~94%, background modelling empirical in
spin-0 (theoretical in spin-2 case for ATLAS)

ATLAS-CONF-2016-059

12.9 b (13 TeV)
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No noticeable excess in 2016 data



Diphoton resonance searches, the 2016 results
Comparison of 2015 and 2016 p-values

Resulting background-only p-values

ATLAS-CONF-2016-059 CMS 1609.02507 162 fb'1 (1 3 TeV)
m T T T T T T T T T T T T T T T T ‘ T T T T I T Q : P\ " : y ¥ )
T T e T W o S I e MO = - e
g‘ - I, A R AV AR 3 E At 1o
1 - 10 fCER 4 N -1 1
2 qoE i W 4 10°¢ |
S [ 1E § - 1
8 102 g 1 F ¥ wl
; 3o ; 10-2 3 "" :I |: 2
-3 L — E ' SA 102 7 \ )
10 E v E = :‘:Wi = 1.4X1O_4, J=0 S
| . P AN e, -1 _ — -7
104k AZ’LAS Prellml_?ary 2015 (3.2 b z N 109k —— Combined ol 36
= 4o {s=13TeV, 15.4fb"  ---- 2016 (12.2f07) 3 = 1
. - Spin-0 Selection — Combination ] - CMS ---2015(3.3fb") |t |
10 ? X—)’YY, FX/mX=6°/o E | WiVl 2016(129fb-1) 10 700' —t '750' . .(G.%c))o
~ . m e
L | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ Il Il Il Il I T '4 1 1 1 I 1 1 X 1
0 500 1000 1500 2000 2500 19" g 3y 10° 2x10°  3x10°
m, [GeV] my (GeV)

Lesson? Statistical fluctuation. Can happen, nothing wrong.

Actual trials factor larger than global factor quoted, as very many signatures probed by experiments
(hard to estimate, but keep in mind!). Having a second experiment with a similar non-significant excess
does not remove trials factor if you keep both. Removing 2015 data, and looking at 750 GeV in 2016
does remove trials factor.



Supersymmetry

Still among the most popular SM extensions: hierarchy problem, unification, dark matter

pp - §9, §—>qax%  icHEP 2016

Very diverse signatures. Highest cross-section events T AR RN AR
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Third generation quark partners

Searches for direct production

b b /
p p y v
. . b _ XY t w =0
SUSY stop and sbottom may be the lightest sfermions. - - X4
They have low cross-sections, so Run-2 luminosity just \g\ 2 AT X
enough to increase sensitivity p t p t q
_ b b4
Vector-like quarks™ (VLQ) singly or pair produced
decay to bW, tZ or tH. Also exotic X553 — tW possible Signatures are b-jets, jets, possibly leptons and MET
pp — b b, b—->b %(1) ICHEP 2016 T, production, {»> b 1'% /T> ¢ 7, /T>Wb 7 /T~ 13  Status: ICHEP 2016
;‘ 800 [ TTTT | TTTT | TTTT | TTTT | T TT | TTTT | TTTT | TTTT ] ; 600 L | L I L I UL I LI I LI I LI I TT 1T | T I_
() C CMS Preliminary 13 TeV - 8 L ATLAS Preliminary Vs=13 TeV 4
O 700 . <o Expected 7 = B BTt T woy toL 13.2 fb”' [CONF-2016-077] ]
'_Zo?;— [ —SUS-16-014, O-lep (HT"*), 12.9 fb —ObZerved ] E%{ 500l Tot? tL 13.2 fo! [CONF-2016-050] _
= [ -—SUS-16-015, O-lep (My,), 12.9 fb ] - BT woy 2L 13.3 6! [CONF-2016-076] 7
600~ —SUS-16-016, 0-lep (a;), 12.9 fb 7 [ EEToon MJ 3.2167[1604.07773] i
- - F —— V{s=8TeV,20 fb" Run 1 [1506.08616] —
C ] 400(— _
500 O TN — T — Observed limits  ==== Expected limits All Iinlits at 95% CL ]
- - . B ‘ 3 I 1 Noanomaly
400:— —: oo S o 7T . - seen
300} = ool > 1 Sensitivity
- . - V1 improved
200E E - % 1 overRun-1
C ] 100 — R —
100:— E - 1 Similar for
:I 111 | - | - | | - | 111 | 111 I“'l 111 I': | Il Il I: 07 11 A//l L1 L1 | L1 | L1 | 11 | L1 | INNAN] II“I'\I 1 I_ VLQ SearCheS
00 400 500 600 700 800 900 1000 1100 200 300 400 500 600 700 800 900
mg [GeV] m; [GeV]

*Hypothetical fermions that transform as triplets under colour and who have left-
and right-handed components with same colourand EW quantum numbers
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Electroweak supersymmetry production

Searches for direct production

“‘Electroweak-inos” may be the
lightest fermions. They also have low
cross-sections, so Run-2 luminosity
just enough to increase sensitivity

Signatures are leptons, few or no jets, MET

v/l
7%

Z

Example diagrams

ATLAS s=8 TeV, 20.3 fb
T T T T | T T T 1 T T T T | T T T T | T T T T | T T T T | T 1]
e via _TL/ v 21, arXiv:1403.5294 - - - Expected limits ]
via /79, 2t arXiv:1407.0350 . . i

via WW 2l arXiv:1403.5294 All'limits at 95% CL |

i — Via /5 21431, arXiv:1509.07152 M7z 5= 0.5(m 3+ m %)
X1Xo via T/ 2743l arXiv:1509.07152 n
via WZ  21+3l, arXiv:1403.5294 N

via Wh Ibb+lyy+FF+3l, arXiv:1501.07110 ]

~0~ T ]

31+4l, arXiv:1509.07152

Compressed region (“higgsino” case)
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Nathanial Craig @ sSEArcH 2016 PICK TWO

Naturalness &
Unification

e | ight-flavor UDD RPYV,

LQD w/ taus
* RPV Higgsino
® Higgs properties
e <Your idea here>

Unification & Dark Matter

e Conventional split SUSY searches
¢ Pure wino, higgsino LSP

¢ Extended Higgs sector?

e <Your idea here>

Naturalness &
Dark Matter

e Additional states
near weak scale
(sgluon, KK
resonances, ...)

e Higgs properties

e <Your idea here>

Good idea ?
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Long-lived particles predicted in many new physics models

Reason: large virtuality in decay, low coupling, or mass degeneracy

ATLAS 1606.05129

. . . . . > 3 : A ' |
Multitude of signatures depending on lifetime, charge, 10 ATLAS ot
. . . . . . 0 N ]
decay: highly ionising, slow, out-of-time decay, displaced B 1op L et ckground s ) —
vertex, kinked or disappearing track, lepton-jets, ... 2 f e sional oo cevouin
10 =
Some signatures require dedicated triggers, most requiring g % 1
dedicated analysis strategies. b3 E
. e . . 10‘; —;
Standard searches sometimes sensitive to signatures with : | | :
long-lived particles as well 0 200 o iGev
§ R-hadron — g/qq %, ; M 3* = 100 GeV Status: July 2016 TN = 7 R W] Status: July 2015
= O ! — = 1000
E 2400 :_95% CL limits. G‘Shlé(f; n;qt;’r:l(;ﬂjfdpre“mlnary -—f—- g)l()pseecr\t/ee((jj E 900 E Pixel dE/dx arXiv:1506.05332 e (E;;pecte(: Ili.mi.'ts
o = Displaced vertices Phys. Rev. D92, 072004 " o E i i iv:1310. —&— Observed limits
IE 2200 - Stopped gluino Phys. Fiev. D88, 112003 }5.0-22.9 fb™, s=7,8 TeV éx - Disappearing track arXiv:1310.3675 95% CL limits.
§ 20002 ,i?,ﬁi,*ﬁg,dx’*ltjfﬁfj_“;f;‘f oors Lo b, V=13 TeV 5 800 3 ° Swe (F:" Detector) aniv:1dtt 6765 Olhery MOt included
’E - e Stable charged arxiv:1606.05129 E 700 - 18.4-20.3 fb”, Vs=8 TeV ! ! ! i o
5 B00E ; C = - ATLAS Preliminary ! A
£ 1600 [ i P . $ 600 : - Lo
- r® i ; [ — - : I I I
1400 |- . R ' 500 : ~ !
1200 ' Lo 400 [~ . U
1000 - i D 300 -
" i R 200 - 3
ro: ! ! [ . : E : : : : A
600 ;\HHH‘ | \HHH‘E | \HHH‘ | \EHHH‘ H \EHHH‘ | \HHH‘ | \HHH‘ | \i 100 L1 \H‘ | 1 1| \\H‘ 1 :\ 1 \\H‘ | 1 \: 1| \5\(\/)\
102 10 1 i100 1102 100 10t 107! 1 : 10 &
(rfor n=0, y=1) Beampipe glnner DetectoréCan MS 1 [ns] (r for n=0, py=1) . Inner Detector i Calo . MS . t[ns]
l 1 lilllllll 1 1 llllHli 1 1 lille 1
-3 2 —1 2 3 4
10 10 10 1 10 10 10 10 102 10" 1 10
ct [m] ot [m]

Particle mass
from velocity via
time-of-light
measuredin Tile
calorimeter

Similar analysis
from CMS uses
tracker dE/dx and
TOF from muon
system

Summaries of
mass limits versus
lifetime of new
particle
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Searches for dark matter production at the LHC

X0
oo\ o
e
oot bu’& oo ox1e*

wol
. . . . . s 0"0' o AOV\Q
Canonical signature is ‘X+MET’ with large variety of ‘X °F a0’
o\
Direct dark matter production atthe LHC ~  Eneroetic duoniphoton . ndrect deteston
Requires boost for triggering. Depending on q DM SM
coupling it can be made by different objects. \
Direct ’
Y, Detection ////
. . . X (DM collision nuclearrecoils)
Experimentally challenging to control Z/W+jets
background. Theory input needed. DM SM
q X ) Production at colliders
ATLAS 1604.07773 Assuming Z' model with axial-vector coupling
> T T T T T T T T T T T T T T T T T T L | T T TTTTTT T T TTTTIT T T TTTTIT T T TTTTIT H
& 107 ATLAS | | %I;% ::::::n;o " | NE ir_ ATL /I\S | 90;, CL limits | —
§ 10° == Vs =13 TeV, 3.2 b ] Z((* vv))+ieis L, 1 0_33 Vs=13TeV,321" — LUX n
P Signal Reai W(— v +i_ets — L — Axial Vector Mediator
§ 10° pﬁrzlzo gg{anrT”iss>250 GeV = m: :VV)): il:: 5 — Dirac Fermion DM~ — I\/Iany other
i v = 6,-025,9-10 | 13 Tev results
5 | ] I:_)ibo.sons GC) 10 o N ava”ab'e
10 [ ] n+~smogle top $< - ]
----- m(b, %) = (350, 345) GeV - B
10° gl -y BERSRe, m M )= (150, o ~ _ x off-shell .
1o B e, - e r':lm:id)mn(;::oc:?so:\)/G ' 210 7 loss of sensitivity . jets + MET
° - 9« v+ MET
1 10730 _
10 - 7 * V+MET
102 10_41'_ 1« bbftt + MET
E 1.5 __..'. ..... L LI L, W, AU R U SO SO DU LIPS LI, L L SJUUUUS RS S N O H - -
n r . I —
E 1000505949595 /é//‘//i i/&////%/////////ii’“‘/gfjj’j’i’jff/ j’;i’//////;/z 43 = 7 No anoma /y
© - - —4o _|
o 0.5 e R s P lll ................... [ free 1] 10 _! T Lol Lol |_ seenso far
400 600 800 1000 1200 1400 y 10 102 10° 10°
Er [GeV] m, [GeV]
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Exclusion regions for simplified models with heavy particle mediating
interaction between initial state quarks and final state WIMPs

DM Slmpllfled Model Exclusmns ATLAS Prellmlnary August 2016

Axial- vector medlator Dirac DM
\ 9,=025.9, =

Dijet

Phys. Rev. D. 91 052007 (2015)

ATLAS-CONF-2016-030
ATLAS-CONF-2016-069
ATLAS-CONF-2016-070

> i

o

E 121

& A

©

2 -

= U

D -
0.8~
0.6~
0.4~
0.2

0

| 1
2.5
Mediator Mass [TeV]

For full explanation, see: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/index. htmI#ATLAS_DarkMatter_Summary

Since the mediator
is produced via
quark annihilation
(gg), it can also
decay to quarks
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This was a very incomplete extraction of all the available 13 TeV searches only

The return of the limits

(9 450 CMS Pre//fmna,y Moriong 29y
N

SUS 16:007 —Obseryeq - Expecte e
N
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US-16 0- Iep st
—SUs_ 007 H O Ie Op 2 3 fb 1 (13 1. QQ \\H\ 3
16-002, 1.1gp, s P Sto .23 130
ev)
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Digression on Precision Measurements
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M,, [GeV]

Electroweak
precision physics

Global electroweak fit was masterpiece of LEP/SLD era.
Discovery of Higgs over-constrains the fitand
dramatically improves predictability

http://gfitter.desy.de

T T T T I T T T T I T T T T I T Y T T I T T T T I T ,I,
C o mworld comb. = 1o .
[ 68% and 95% CL contours il mo=173.34 GeV R~
80.5 — [ fit w/o M,, and m, measurements | -- 0=076GeV —
L fit w/o M, m and M, measurements | | —0=076®0. 5°meaGeV d
[ [ direct M, and m, measurements ]
80.45 — o ]
u L s
80.4 - /l _ —= = )
- M, world comb. = 1o = 4
80.35 [— m,, =80.385 = 0.015 GeV ; —
80.3 =
C & S s del ]
- ) N o, .7 N i

80.25 — o NN el fittersu):
C 1 1 1 1 1 1 1 1 l/ 1 1 1 L"ll 1 1 1 I 1 1 1 1 I 1 I_

140 150 160 170 180 190

m, [GeV]

had
0
F‘Iep
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FB

A(LEP)
A(SLD)
sm2®'ept(Q 2
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0,c
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0b

AFB

mm Global EW fit
Hl Indirect determination
-8 Measurement
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Electroweak sector relates My to a, Gg, M

2

My

a0

SM Predictions [1407.3792, EW fit]

My

s .2n0
sin“f.g

80.3584 & 0.0046,,, & 0.00305,,..m, =+ 0.0026)7, = 0.0018 74, .,
+0.002044 & 0.0001,7,, = 0.00405,, s, GeV,

80.358 + 0.008,t GeV . [exp WA: 0o = 15MeV ]

0.231488 = 0.000024,,, % 0.0000165,,__pm, & 0.000015,7, =+ 0.000035Aq, .,
+ 0.0000104,5 + 0.00000157,, + 0.000047;

; f
cosin267. 7

0.23149 £+ 0.00007ot , [exp WA: o= 0.00016]

top
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Electroweak precision measurements

Best top mass from LHC: 172.44 £ 0.13 £ 0.47 GeV (CMS), 172.84 £ 0.34 + 0.61 GeV (ATLAS, notyetall 8 TeV)

Traditional kinematic top mass measurement method
approaches systematic limit of b modelling

Possible ways to improve (alot of pioneeringwork by CMS):

 Choose more robust observables (eg, wrt. b fragmentation)

« Selectcharmed

Mesons (rare but very
clean signature)

* Use dilepton

Kinematic endpoint
(cleanbutlarge
theoretical uncertainties)

« Use cross-sections
or differential

variables (promising
but difficult to achieve
competitive precision

Currently best result (CMS)

Events / (10 GeV )

-
o
o

80

60

40

20

0

CMS Preliminary

19.7 fo™ (8 TeV)

— e/wee/un/en + Jets channel —
L £ ,
- 4
L 3 ,
L 5’ 3F |
- of |
L 1 ,
— 0 1‘70 150 —
L M, (GeV) |
: i il M =(173.53 = 3.04) GeV
¥ .-T"‘\ T R R \'."\-. A T B! .
0 50 150 200 250

M., (GeV)

. 1.7 GeV uncertainty

CMS alternative top mass measurements:

CMS Preliminary

May 2016

b hadron lifetime
TOP-12-030 (2013)

Kinematic endpoints

EPJC 73 (2013) 2494

b-jet energy peak
TOP-15-002 (2015)

Lepton+J/¥
TOP-15-014 (2016)

Lepton+SecVix

arXiv:1603.06536 (2016)

Dilepton kinematics

TOP-16-002 (2016)

Single top enriched

TOP-15-001 (2016)

CMS tt+j shape, 8
TOP-13-006 (2016)

of(tt) 7+8 TeV

arXiv:1603.02303 (2016)

CMS 7+8 TeV (2015)

arXiv:1509.04044

TeV S

World combination
ATLAS, CDF, CMS, DO
arXiv:1403.4427 (2014)
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Electroweak precision measurements

sinGy and Z asymmetries from hadron colliders

CDF, DO, and also LHC have extracted weak mixing angle from Z/y* asymmetry measurements

Uncertainties at Tevatron dominated
by statistical uncertainties, LHCb
equally, ATLAS & CMS by PDF
uncertainties.

Data-driven “PDF replica rejection”
method applied by CDF

Complex measurements (in
particular physics modelling) that
are important to pursue, but
precision of hadron colliders not yet
competitive with LEP/SLD

+ Newest CDF result: 0.23221 = 0.00046

LEP + SLD
Phys. Rept. 427 (2006) 257

LEP Aq4(b)
Phys. Rept. 427 (2006) 257

SLD A,
Phys. Rev. Lett. 84 (2000) 5945

DO
Phys. Rev. Lett. 115 (2015) 041801

CDF
Phys. Rev. Lett. D89 (2014) 072005

ATLAS
arXiv:1503:03709

CMS
Phys. Rev. Lett. D84 (2011) 112002

LHCb
LHCb (s=7TeV
LHCb (s=8TeV
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Figure from LHCb 1509.07645
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