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*Run1: (-2012) — Run2 (2015-)
= Early results
= Future
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Higgs discovery 2012

> Discovery of the

Higgs Boson in 2012 y %L, :
by ATLAS and CMS Y . h %éPIF!Tﬁ%é
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> Both experiments see

a significant signal:
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Conseil
Européen pour la
Recherche
Nucléair

Standort

Genf (Schweiz und Frankreich)

Mitgliedstaaten

20 Europaische Nationen

Budget pro Jahr

~ 700 Millionen Euro
(davon 20 % aus Deutschland)

Mitarbeiter vor Ort

~ 3.400, weltgroldtes
Forschungszentrumg

Beteiligte Wissenschaftlerinnen

~8.000 aus 85 Nationen
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2015 — 2016 GM Changed

y:
n»r-»

Edoardo Amaldi Felix Bloch Cornelis Bakker John Adams Victor Weisskopf
1952-1954 1954-1955 1955-1960 1960-1961, 1971-1980 1961-1965

e

Bernard Gregory WillibaldJentschke Leon Van Hove Herwig Schopper Carlo Rubbia
1966-1970 1971-1975 1976-1980 1981-1988 1989-1993

rristopher Llewellyn Smith Luciano Maiani Robert Aymar Rolf Heuer
1994-1998 1999-2003 2004-2008 2009-2015
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> Integrated Luminosities:
> Center of mass Energy: =2011 (7 TeV) : 5 fb™
=2010-12: 7/8 TeV (achieved) =2012 (8 TeV) : 20 fb™
=2014+: 13/14 TeV (design) =2015-18 : 100 fb™' (~ 3fb™)
> Instantaneous Luminosity: =~2021-23 :300fb
= 7-10* cm™/s(achieved) = ~2026+ : 3000 fb™
= 2:10°* cm™/s (planned, 2016-18)
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LHC and Changes 2012-2015

> LHC moved beam energy from 8 TeV to 13 TeV

* Time was needed to do the safety changes after the incident
2008:

- much more helium pressure release valves
- test of all superconducting connections
- training of the magnets

[\]
(%1

> Some time needed to establish
“routine” operation at 6.5 TeV/beam
and 25 ns bunch spacing
= Shorter bunch spacing — huge

progress on e-cloud mitigation
through scrubbing

- 2011
— Ready for luminosity production in i

2016: L ~10%* cm™/s(design), o - /L’—/_//P/2015

~30 b /year 02-Mar 02-May 01-dul 31-Aug 31-Oct 31-Dec

2015 pp: 2012
el Peak L~ 5x1033
ATLAS and CMS: 4 fb"
I LHCb: 360 pb-!

Integrated Luminosity [fb™]
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Atlas Detektor

Breite 32m
Hohe = 35 m
Tiefe =100 m
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Atlas Detektor

A EXPERIMENT

Run Number: 201006, Event Number: 55422459 -
Date: 2012-04-09 14:07:47 UTC

e*+e — q+Q— hadrons

i

Two-jet event
hadrons
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Atlas Detector Improvements

> Added an additional insertable Pixel Layer about 33mm from
Interaction point:
= Detector is nearly 100% efficient

" Huge improvement in impact parameter resolution (b-tagging)

JI\\‘I\_\‘I':I'\"I\\‘I\_\':‘I’)‘_'F._‘ll'\]I\\L

|I\|II\‘\I\‘1I\‘II\‘iI\‘\I\‘II\L

D Data 2015

Il\lll\"flr‘ll\‘II\‘\I\‘\I\‘II\

ATLAS Preliminary -
May 2015 comm.—

\/_—13TeV -

I\\'LI-F\LI\\‘I\.J‘r\F.‘

-80-60-40-20 0 20 40 60 80

Xgy [mm]

Sketch of ATLAS inner tracking detectors

r R = 1082mm

TRT <

LR:SMM

R = 514mm

R = 443mm
SCT

R=3T1mm

R = 200mm

R =122.5mm
Pixels { R=83.5mm

R = 50.5mm

R = 33.25mm

R=0mm

20
Thorsten Kuhl | Masterclass, 26. February 2016 | Page 9



nrr-p»

000

P ) A |
—@ o= % )i
‘¥
L .Ql 01 301
g‘mvmb'mlm: - e
prompt calibration & reconstruction phySICS ob}ect callbratlon & uncertainties measurements & searches

T T
=u Fs=== PYTHIA Diet, 1, Good Jet Salechon
2™ +mm6deelSe laction

0.4f —— Dala, Fake Jel Selaction
ATLAS Preliminary
03B f5=13 TaV

25200t 5
= 725 GeV. POF 1, uncerisntes sccarding 1o FOFALHC 3

1 | 1 | 1 L 5|
z 4 3 8 10 12 14
(s[Tev]

1 AT T T I NI
-80-60 -40-20 0 20 40 60 80 0 02 04 06 08 1 1B
Xgy [mm] det s

> Steps necessary for producing a physics results:
= Data taking, calibration, object reconstruction, unfolding
= On-line reconstruction immediately, first re-calibration ~36h
= First results after a few weeks:
- Measurement of Standard (Model) Processes
- Easy to access search signatures
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Atlas Detector calibration

IBL: Improved Tracking IBL, new Beam Pipe and Services: Additional
performance material (and main systematic uncertainty for tracking)
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Alignment and Tracking Performance check with B* mass
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EXPERIMEN

Run¥ 276734
Evienizan8 76 5\aSidEs
2015-08-22 O :43Es" CF Sy

E_ =13 TeV:

Already explore new phase
phase regions with
little amount of data
i/
di-jet events with m,-,-~5-3 TeV




Das Standard Modell

ner-p

THE STANDARD MODEL

Fermions

Fundamentale Teilchen:

6 Quarks (u, d, c, s, t, b)
6 Leptonen (e, pu, 1, v,, 7 V,)

Fundamentale Krafte:

starke Wechselwirkung (g)
schwache Wechselwirkung (W,Z2)
elektromagnetische
Wechselwirkung (y)

* Top Quark
* Higgs-Boson

*¥et to be confirmed Source: AAAS
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proton - (anti)proton cross sections

10 III T T T ITTITI II T ITITTT! R T T T 10

5 L : > [otal cross section: 100 mb
y O R o = dominant QCD

Tevévon LHC

"’5 " > Other Standard Model processes
h . e 0O(10°-10°) smaller
10* b 10" g
Q
10° . g > Higgs production: O(10"-10")
102 ngt(ET > vs/20) 102 1; Sma”er
aQ | LN
c 10 Sy ~ L 100 o _ )
° } %/ 0 > _Rare physm processes profit by
o [m(Er > 100G o @  increasing energy from 8 TeV to
- / ¢ E 13 TeV most:
: o
10° 5, 10” o = W/Z — factor 1.7
w0 | ouE 2 o 10* = Top-pairs — factor 3.3
s Fo,..(M =120 GeV) /N _/ 5
10 ag 4 - 10
.5 woocev? / _S - g_gH — factor 2.3
U ¥ 500GeV ® = ttH — factor 3.9
107 Lol el J 107
0.1 1
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A2 Minbias tune (for PU)
Pythia 6 and 8 (using 7 TeV ATLAS data only)
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Top pair production

Powheg-Box v2 (hdamp =m,) — Pythia 6.428 — EvtGen (HF
decays) - CT10 PDFs — Perugia 2012 tune
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G2000- ATLAS Preliminary [, & - ATLASPreliminary —
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Standard Model Physics

V+Jets , Dibosons, Tribosons
Sherpa NLO (2partons) and LO (up to 4

partons) 2.1.1
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Data / Pred.

40 B0 80

Additional samples

(main backgrounds and signals)
e.g. Pythia 8, Sherpa LO, MG5_aMC@NLO
PDFs: CT10, CTEQ6L1, NNPDF3.0

Higher order cross sections used where calculations available

Thanks to the fruitful interactions
with theory Community
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Jet multiplicity in top-pairs
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> Biggest background for ttH is
top-pair background with additional

jetS o T T T =] T
Sl ATLAS Preliminary—
© = 13 TeV,3.2fb =
BEL add. jet p, 2 25 GeV 1
10_1:_ —l— _:
E S —— =
1 0‘2 ;— ee—-Chlgg\?v(rileg+Pythia6 =
. ; —-Powheg+Herwig+f §
> Di-lepton channel (t — b Iv), 7 Rownegsuitias :
—3| -# Data =)
O (10000 events) IR R R SRR
1.4F o= Stat. =
s 13 TeV: g 2 = Sttsyst E
= factor ~3.3+ in x-sections vs 7/8 TeV data S 0.8
taklng 0.6 0 1 2 3 4 =
= Established analyses methods: Number of additional jets
— possible in few months of work instead
2-3 years

> Use for Generator development/tuning
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Luminosity scaling

> Most physics happen at a Energy lower then center of mass energy

> Scaling behavior of particle production for a given mass
= Standard Model: W/Z ~1.7, Top: 3.5
= Higgs: 2; ttH: 4.5
= SUSY: 6-50, Heavy exotics particles: up to 1000
> Discovery reach scales with log luminosity
= Exiting situation in the next months, huge discovery phase space
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Di-jet measurements and searches

> Jet searches already profit much on additional phase space

= Improved limits for di-jet signatures vs Run-1 by ~1TeV
= Huge improvement in multi-jet searches

QBH limits improved by ~1TeV over Run-1
T T T TTTTT ‘ TTT IIIIII‘IIIIIIIII‘IIIIIIIII|IIIIIIIII|IIIIIIIII‘IHTB?
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]
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= 1 1 =
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8 E
755 |
?i— ....................... -
65- e :
o E
T: [ R S R T B R R R "'I""'I"";”";""l R R O :f
M, [TeV]
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First Higgs measurements at 13 TeV

Measurement of the Higgs Cross Section (Combination)

From Fiducial to Total Inclusive Higgs production cross sections

ATLAS-CONF-2015-069

A H—=yy 0 H-=ZZ"—4
¢ comb. data syst. unc.

g— 20 o
[3TeV z 80F
Acceptance factor g 70F
H = vy 0.570 + 0.006 = .
H— 22" > 4 0.427 + 0.006 60F
Fiducial cross section [fb] 50 E
H =y 52057 e
H— 27" — 4 0.6%53 £
Total cross section [pb] 30F
H — Y 401“3; g

H— ZZ* - 4 1243 20 =
Combination 24737 (stat.) 77 (syst.) 10
LHC-XS 5004 of
-10t

N S TR R T O S LR
ATLAS Preliminary

— Opp oy My =125.09 GeV

0 QCD scale uncertainty ]
Bl Tot. uncert. {scale © PDF+a,) 3

Vs=7TeV, 450"
Vs=8TeV, 20310’
Vs=13TeV, 3.2 "

Ly | T

Combined observation significance:

- Expected: 3.40

- Observed: 1.40

Compatibility with

SM: 1.30

10 11 12 13
Vs [TeV]

1Q
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Future of LHC and HL-LHC
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®* Peak luminosi

~Integrated luminosity
B — - — — - 3500
i~ 1 : T

il 7-8 TeV

e (N | pma- | |
soEs34 LU une | LR ce e e | ~3000 fo-t
Splices Injectors INEW . i é‘
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I ; 5 5 quads | | 2
£ |t N ™M <t LN 2 o
L. 3.0E+34 s N7 N V) e %) (V) E
= : i ; ; - 1500 —
8 | | | | 3
£ 2.0+34 | é b oioie i | ©
€ | ¢:® ° NN Q | ~ 1000 B
= | | | | | g
ks L. . / t E
e+ | i | ; ' ;
. | | ~300 fb-'l i | 500
e | ~100 fb! | | |
1 : \

0.0E+00 ~* it - 0
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Year

> Program is planned till 2037:

* Run-2/3: LHC will run an other 3 years, then minor updates of
detector, afterwards 3 years of data taking (~300 fb™)

* LS3: huge changes in detectors and machine for HL-LHC
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> Mass: 125.5 + 0.6 GeV

> Spin: 0+ (2+ excluded by 99.9%

CL)
> Couplings to bosons:
) M=0-measured 0-SM

> Only one fermionic coupling:
= New: tt (40 evidence)
= Strong evidence (30) for bb
= Top coulpling: indirect
accessviaH — yy
> Missing:
= Direct measurement of top-
coupling (~few 100 fb™)
= Higgs self coupling

1073

What do we know about the Higgs

v
t W
ho-=- t h=-=-- W
t W
v

£

1074

B T III| T T
= ATLAS and CMS
" LHC Run 1 Preliminary

J on

ATLAS-CONF-2015-044.

. —— Observed i .
E SM Higgs boson e .
- _~Top coupling
B " measured
g 3t indirectly -
T
b
= W0 5
_IIII| lIIIl IIII| IIII| 3
107" 1 10 10?
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ttH: Effective (topological) cross section

> Only one fermionic coupling directly
measured:

H— Tt
— A and A missing to get a complete
picture
> A only huge coupling close to 1
= Why is the difference in couplings that
big?
= Biggest sensitivity for new physics

> In SUSY expect different couplings than
SM:
. /_3%

= bb and tt production bigger at high tanp o

_ . i o~ 3
> H — ttis not possible because m <2m__ \m::,
= Measurement of A, In production via

radiation from a top pair Ho yy ~10°
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After LS3: High Lumi LHC

> Upgrade the LHC to “High Luminosity (HL)" to gain access to rare processes
(very high Energy / low cross section

> “default” LHC to deliver up to ~300 fb™" per experiment until 2023

> HL-LHC from 2026 up to 3000 fb™’

> extended sensitivity, see Thomas’ talk
> “Pileup” of <140> events simultaneously to an event of interest
> Unprecedented levels of radiation (up to 10™ neg/cm? in the strip det area)

1 MeV neutron equivalent fluence

120 1 T 1 1

1e+17

o™

1e+16 ©

particles / cm

1e+15

0 50 100 150 200 250 300 350
Z [cm]
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After LS3: Upgrade of Inner Detector

nrr-p»

ATLAS tracking detector Upgrade (only Si-strip part here)
> differentiate pile-up up to ~<60> events
> Radiation hardness up to 3000 fb™' resp. 2¥10"° neg/cm?

> Current Si-strip detector (SCT) manages to EndOfStructure card strip
> measure until ~600 fb' are reached (EoS) \ _ sensors
: \ @ power
> Does not agree with HL-LHC parameters :
> Strip-tracker-Upgrade - targets
» Granularity about 4x finer than current SCT
» Track-Trigger, less material, ...



@\

DESY
<

> LHC: Moved to data taking at a center of mass energy of 13 TeV
= Few problems related to new running mode (smaller bunch spacing
= Steep learning curve to the end ~ 4 fb™" delivered

> Atlas:

= New innermost silicon layer in tracker, phase of understanding the
new devices is finished

= Smooth data taking : recorded ~ 90% of delivered data
= First results are shown in August, with full dataset in December
= Many exiting results will come in 2016:
- precision Higgs physics
- Searches for more complicated or rare signatures (SUSY)
> Future:

= Hunt for the new and unexpected
= ~ 2017/18: first results for ttH
= Higgs self couplings need HL-LHC

nrr-p»
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