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
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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

(O]

o

—O—

0.2315+0.0002

0.2322+0.0003

0.2310+0.0003

0.2315=0.0005

0.2315=0.0010

0.2308+0.0012

0.2287+0.0032

0.2314=0.0011

—O—— 0.2329:0.0015

—0O—

0.2307+0.0012

0.224 0.226 0.228 0.23 0.232 0.234

=2 eff
sin eW

Figure from LHCb 1509.07645

37



Electroweak precision measurements

W mass: towards a first measurement at the LHC via decay to lepton + neutrino

Brief history of W mass measurements: Current experimental picture for my
« 1983 CERN SPS: W discovery ALEPH -—'— 80.440-0.051
- 1983 UA1: m, =81=+5 GeV
L3 —— : 80.270+0.055
* 1992 UA2 (with mz from LEP): 80.35 = 0.37 GeV OPAL —-—l— 80.415+0.052
° 2013 LEP: 80.376 + 0.033 GeV LEP2 _.._ 80.376+0.033
: y-/dof = 49/ 41
« 2013 Tevatron: 80.387 +0.016 GeV o .
«  World average: 80.385 + 0.015 GeV Do - 80.383:0.023
Tevatron + 80.387:0.016
Quite a surprise that WA is dominated by hadron collider, A e
which was not built with that goal in mind. Overallaverage %  80.385:0.015
80.2 80.6
Hardest measurement in HEP: O(7) years to accomplish it M, [GeV]

LHC also not built for W mass, but to discover new particles
Unfavorable environment at LHC comparedto e*e~ or proton—antiproton colliders
At Tevatron, W production dominated by valence quarks. At LHC sea & heavy quarks much more important

This difference affects all aspects of the measurement: detector calibration, transfer from Zto W, PDF
uncertainties, W polarisation, modelling of p;W

Very challenging — but also very interesting: a lot to learn on the way !
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Electroweak precision measurements

W mass: towards a first measurement at the LHC via decay to lepton + neutrino

ATLAS and CMS are progressing towards the m,, measurement at the LHC

Measurement relies on excellent understanding of final state
Observables: pr,, pr,, mras probes of my,

Challenges, high-precision:

«  Momentum/energy scale (incl. had. recoil) calibration: Z, Jip, Y
« Signal efficiency and background modelling

+ Physics modelling:

o Production governed by PDF & initial state interactions
(pert & non-pert): use W+, W-, Z, W+c data for calibration,
and NNLO QCD calculations + soft gluon resummation

o EW corrections well enough known

o Probesvery sensitive to W polarisation (and hence to PDF,
including its strange density)

Project: Experiments are in a vigorous process of addressing the above issues. Many precision

measurements (differential Z, W + X cross sections, polarisation analysis, calibration performance, ...

produced on the way. Also theoretical developments mandatory. Long-term effort.
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Electroweak precision measurements

Comprehensive Z prand polarisation measurements done by both CMS and ATLAS

ATLAS and CMS use precise measurements of p,(Z) to tune p-(W) modelling, which relies on NNLO
and NNLL/resummed calculations. But: different generators predict differenttransfers fromZ to W.

Also: PDFs play different roles in Z and W production.
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Crab crossing: XN 20

How can these LHC luminosity improvements be achieved ? (deflects head and ti )
in opposite direction) Yy 4 Ny
Run-1 Run 2 & 3 (13-14 TeV) HL-LHC (14 TeV)

* Epean = 0.45-4TeV
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s Atynen =950nNs

* Nounches,max = 1380

« f*=60cm
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How can these LHC luminosity improvements be achieved ?
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Also significant detector, in particular trigger (goal: keep current thresholds)
and inner tracker, upgrades to cope with increased LHC luminosity:
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The main proton—proton physics goals in a nutshell

Run 1 (8 TeV)

Discovery of Higgs boson

Searches for additional
new physics (negative)

Observation of rare
processes, such as By — pp

Precision measurements of
Standard Model processes

Study of CP asymmetries in
B, sector

Run 2 & 3 (13-14 TeV)

« Searches for new physics

HL-LHC (14 TeV)

* Precision measurements of
Higgs couplings

* Improved measurements of Higgs
couplings in main channels

» Observation of very rare
Higgs modes

» Consolidation / observation of
Higgs channels

 Measurement of rare Standard

* Ultimate new physics search
reach (on mass & forbidden
decays, eg, FCNC)

Model processes & more precision

* Ultimate SM & HF physics

* Improved measurements of rare precision for rare processes

B decays and CP asymmetries

LHC

(VBS, aT/QGC, etc)
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Total Integrated Luminosity [fb™]

Status of Run-2 (19 Sep 2016)
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Expected integrated luminosity of LHC & HL-LHC
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Prospects for the LHC Run-2/3 and beyond (HL-LHC)

VERY brief set of example plots

Any detection of new physics would likely be a game changer !
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Higgs boson physics

(Conservative) extrapolation of Higgs coupling measurements

Higgs signal strengths (left) and ratios of coupling modifiers (right), compared to current precision (orange)

ATLAS Simulation Preliminary
Vs =14 TeV: [Ldt=300 fb™" ; [Ldt=3000 fb™

<+— Run-1
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Higgs boson physics

Constraining the Higgs off-shell coupling

Both CMS and ATLAS have constrained the Higgs off-shell coupling and through this obtained upper limits

on the Higgs total width I},

The method uses the independence of off-shell cross section on ', and relies on identical on-shell and off-
shell Higgs couplings. One can then determine ' (=4.2MeVin SM) from the measurements of Ugsispen @NA Hon-shell

CMS 19.7 b (8 TeV) + 5.1 fb™ (7 TeV)
> LT T 17T | L | LI | LI | LU | L | L I_ L(Lnj
© 60 on- ; off . Data 10
(g . shell : shell gg+VV — 27 Ik
~ 50 : qq — ZZ J<
PR I Z+X 1°
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gg—H*-VV

5
off-shell ( ) ~ 2 n
gg—H*-VV o Kg,Off-Shell(S) ' KV,off—shell(S)
off-shell, sM (5)

gg—-H—-ZZ K2 . K2

on-shell 8 on-shell Z ,on-shell
gg—-H-ZZ - T FSM

on-shell, SM H / H

With Run-1, limits of the order of 5 x [,SM obtained

With L, = 300 fb-Tand L, = 3000 fb~', one may find:

—

(LT)

Ho = 1.00%0-59 (stat+sys)
L2 .
ph2 = 1.00%0-4 (stat+sys)

[ = 4271 MeV (stat+sys)

ATLAS: ATL-PHYS-PUB-2015-024

49



More Standard Model and Flavour physics

Continuous gain in precision and reach for rare or suppressed processes

High-profile flavour physics measurements (slower Run-2 luminosity rise for LHCb due to luminosity levelling, but
upgrade to 40 MHz trigger readout during LS2 will increase, eg, the annual muonic Brate by factor of ten)

« Rare decays: B, — pu and similar and b — s transitions: B — K*uu and similar (LHCb, CMS, ATLAS)
« CP violation: ¢ (LHCb, CMS, ATLAS), y and other CKM parameters (LHCb), also CPV in charm sector
* Lepton universality tests (LHCb)

Spectroscopy (LHCb, CMS, ATLAS)

250
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120 300 o —¢— data 40 3000 o —+— data Prospective study by CMS
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Conclusions

The LHC Run-2 is a key period for particle physics

High CM energy and first 100 fb~" are critical for searches for new physics in all signatures

Further consolidation of Higgs sector with observation and measurement of H — 1T & bb, and ttH, as
well as much more precise coupling and fiducial & differential cross section measurements

The luminosity of Run-2 will hugely increase the amount of interesting Standard Model and flavour
physics measurements that can be performed

Watch out:

New physics does not necessarily appear at high mass, need to continue to search everywhere
High precision measurements are key for a better knowledge of the Standard Model

It is thereby extremely important to measure the detector performance in data as precisely as possible
(This can often have priority over further improving the performance, example: b-tagging.)

Many results are dominated by theoretical uncertainties. Need to produce measurements that allow to
test theory, to improve PDFs, and that motivate theorists to improve calculations and event generators
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Conclusions

Accurate and minute measurement seems to the
non-scientific imagination, a less lofty and dignified
work than looking for something new.

But [many of] the grandest discoveries of science
have been but the rewards of accurate
measurement and patient long-continued labour
in the minute sifting of numerical results.

William Thomson Kelvin

2 Aug 1871 in a speechto the British Association for the Advancement of Science Lord Kelvin
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ATLAS improvements for Run-2

Huge consolidation & improvement programme for detector, online, offline, computing

Replacement of TGC chambers

Infrastructure upgrades: magnet & cryogenic systems, additional muon chamber
shielding, new beam pipes

Detector consolidation: muon chamber completion (1.0<n| < 1.3) & replacements,
calorimeter electronics repairs, improved inner detector read-out capability to cope
with 100 kHz L1 trigger rate, new pixel detector services and module repairs

New topological L1 trigger and a)  siden 70 Side C
new central trigger processor,
restructured high-level trigger ) S\panar) O \planar/ o

ik B0

New Insertable B-layer : fourth pixel
layer at 3.3 cm from beam, consisting of

planar & 3D (forward) silicon sensors, A7,
smaller pixels 1] toro- 1o e enstone o

\l"
SN
¢ =
/ ¥ Z
= Wi R40.0 - IBL outer envelope W \ I WY
q" | AN N
/ R33.5 - Module radius e 7 Stave
| 7. ’
7 V" | FE-148 chip
1//8 i\
\7: 9///1 N §) 3D sensor
\ 7N 7/ \ > 3D-HV TAB
) N\ 74 o Module flex EXTENSION
XN Y /13 .
h. AN N 7///// Flex pigtail
SN N P s/ P
RN 4 Rz, 74 ¥

c)

Sensor area [mm?]: 41.3x19.2 20.5x 18.5
No. of pixels [z, ¢]: 160 x 336 80x336

New software, new production
system, new analysis model, ...
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ATLAS inner tracking performance

ATLAS tracking in Run-2 features the new IBL, reduced material within acceptance, and
algorithmic improvements (eg, huge speed-up, tracking in dense environment atervseus 2015006 1 )

Sketch of ATLAS inner tracking detectors
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CMS improvements for Run-2

Also significantupdates and improvements

'/'_ -
~1 m? Pixels (66M channels)

WL \\\ ~200 m2 Si microstrips (9.6M channels)
4
N\
A\

- Iron Yoke
Y/

\ ,
— .
\ s

tations of
on detectors

4

QW)
o

ECAL: Electromagnetic
calorimeter - 76K PbWO, crystals # / Q

3.8 T Solenoid"

HCAL: hermetic‘ Brass/

72 (144) new CSC
(RPC) chambers

12,500 tons - . _
21 m long Scintillator sampling hadronic v
calorlmeter _ Source: Paolo Spagnolo, LHCP 2015

15 m diameter
— Multithreaded and more efficient reconstruction at CERN and Tier-1

— New compact mini-AOD format (~10% of AOD)
— Large efforts on improved (out-of-time) pileup mitigation

Also:



LHCb improvements for Run-2

Big effort intrigger area (among others)

Detector consolidation: muon HV and grounding, 15% PMTs replace in HCAL, ECAL monitoring fibres
replaced, module repairs in OT, HPD exchange in RICH, fixes in cooling, gas, power, shielding, ...

HeRSChel: new scintillating counters to extend LHCb
coverage to high rapidity (CEP, diffraction, ...)

Trigger upgrade — split trigger:

40 MHz bunch crossing rate

— All 1ststage (HLT1) output stored on disk L L L
_ _ . _ LO Hardware Trigger : 1 MHz
— Used for real-time calibration and alignment readout, high E1/Pr signatures

— 2nd stage (HLT2) uses offline-quality calibration S | S | e

— 5 kHz of 12 kHz to Turbo stream: “'Sofeware High Lovel Trigger
»  Objects produced by trigger are stored [

Partial event reconstruction, select
displaced tracks/vertices and dimuons

. No raw event — smaller event size

Used for high-yield channels (charm, J/, ...) " Buffer events to disk, perform online

detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

> I 1

12.5 kHz Rate to storage
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Detector performance

The performance of physics object reconstruction degrades with pileup

Pileup dependence mitigated by dedicated methods, but expect moderate decrease of electron/photon
efficiency and resolution, and increase of fake rate. Muons less affected (main impacton trigger).

More difficult for tau (H —11), jets and missing transverse momentum:

q) [ I- T T R T T T T I I- I. T I. 'I T T _] — 1 40 B T T T ‘ T T T ‘ ]
@ - Pythia8 QGD dijets (2—2) ATLAS Simulation Preliminary 2 % [ ATLAS Simulation Preliminary .
o — anti-k, EM+JES, R=0.4 = Q) - . ) z 7
o 0.6 t . —] =, {20 Pythia8 Z'—tt (m_=2TeV), (s=14 TeV _
] - O<mhl <03 25ns bunch crossing ] N Z  pile-up i
&J C Us=14TeV - am (=0 Opile-up(u=30) ] g " 25 ns bunch spacing, o} ."(u=(u)) ]
s » (w)=40, On%sﬁ (uw=40) . S L —=— (u)=60 -
7 A ile- _ - -
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£ - > —— (W=140.00 Fu=140) 3 E o gol Pt j;é}‘%f -
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CG-E) LT ~o . noise ] 8 40 B FQC@‘ Ergofww i
C m € x — o oo miss —
- — . L - Hrotore” o(EX’y )=s+k|Z E; 1
I~ .-‘---'e"--—"_-_ __________ 7‘: : .
0 - | ] 20 —
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T

> E, [GeV]

The jet substructure can be resolved (eg, jet mass) with “grooming” technigues in high-pileup scenarios
Overall, no significant performance degradation expected during Run-2, some effects in Run-3
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Higgs boson physics

Run-2 should increase Higgs sample by factor of ~10, ttH by factor of ~20

Higgs mass already well known (0.2%), but further improvement and — important— cross-check needed
Higgs width (SM: 4.2 MeV) cannot be directly measured; indirect constraints possible
Higgs spin & parity established as 0+, but need to investigate possible CP-odd admixtures

Higgs couplings can be overconstrained from channel-wise (categorised) measurements

What is left to complete after Run-1 ? What are long-term developments ?
*+ Complete observation of H— TT * SearchforH— pu (Run-1limit: ~7.5 x ogy)
* Observe H— bb « SearchforH — Zy (Run-1limit: ~9.5 x ogy)
* Observe ttH and W/Z+H production « Search for di-Higgs production

(at large luminosity H — yy will be best for ttH,
ATL-PHYS-PUB-2014-012)

And always with high priority:

* Improve global coupling constraints

» Fiducial and differential cross-section measurements

« Searchesfor CPV, and for rare (eg,H — Jip y), forbidden
(eg, H — 1) and invisible decays (eg, VBF+E;Miss)
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Higgs boson physics

Run-2 should increase Higgs sample by factor of ~10, ttH by factor of ~20

Higgs mass already well known (0.2%), but further improvement and — important— cross-check needed
Higgs width (SM: 4.2 MeV) cannot be directly measured; indirect constraints possible
Higgs spin & parity established as 0+, but need to investigate possible CP-odd admixtures

Higgs couplings can be overconstrained from channel-wise (categorised) measurements

ATL-PHYS-PUB-2014-011
T

What is left to complete after Run-1 ? > 7000 T T T T T T T
P o - ATLAS Simulation EVHED10- 3
- L = E
S 6000 Prellmlnajry | Dxmijet ]
- Vs=14TeV |Ldt=300fo" <u> =60 Ot ]
° —~ r [t s+t-chan
Observe H— bb g 5000: 1 lep., 2 jets, p: -+ 200 GeV S
(¢)] C LLLLLL s sy s s + ]
$ 000 Ewce
L C W+l .
- CIw+ .
3000F- mzob
C 1 Unc. .
2000 -
Extrapolated my, distribution in WH channel 1000 G -
at 300 fb~"and <p> = 60. The (conservatively) - .
estimated significance for this analysis is 3.90. oC
50 100 150 200 250
m,,, [GeV]
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Higgs boson physics

Can combine LHC measurement with constraints on ky from electroweak precision data

Constraints on global fermion versus vector-boson coupling modifiers

Constraints from global EW fit through “oblique parameters” S, T(SM:S=T = 0), parameterizing new physics
contributions to electroweak observables through loop diagrams involving massive W and Z bosons

1407.3792
LL( 1-8 T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
4 C :
- . Higgs Measurements . EW-fit + Higgs Measurements |
1.6 — 68% and 95% CL fit contours 68% and 95% CL fit contours—]
N [.=3TeV] .,
1.4 - ® Standard Model prediction ¢ Fit minimum _
12 —
- . H
- — KV PN KV
1 — —] / \
0.8 :_ _: ZIW ZIW
- . ZIW
0.6 — / ]
[~ Note: nonofficial and outdated limi ]
0.4 |- ATLAS & CMS combination. prefiminary  —
[ Shown for illustration purpose only €] fitter |57
0.2 C 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ]
0.7 0.8 0.9 1 1.1 1.2 1.3
Kv

ln — ln — A A\ is cut-off parameter,
127‘(‘ M2 ’ 167 00829 M2 ; \/@ setarbitrarily to 3 TeV
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Higgs boson physics

(Conservative) extrapolation of Higgs coupling measurements

Constraints on global fermion versus vector-boson coupling modifiers

Current (Run-1):

w 1.6
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0.4

. LHC Run 1
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L[] aTas
L[ Jowms

r —— 68% ICL ...........
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Extrapolation:

(1 j T T T T | T T T T | T T T T | T T T T | T :
“1 25— 300 b, w/theory —— 3000 fb", w/ theory 7
1.2F - 300 fb™, w/o theory ------- 3000 fb™, w/o theory
y _152_ + Standard Model _i
= =
1.05F- =
0.95F =
0.9 TP,
- ATLAS Simulation Preliminary]
0.85F 68% CL contours Vs =14 TeV —
:I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 :

0.9 0.95 1 1.05 1.1
Ky
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Higgs boson physics

(Conservative) extrapolation of Higgs coupling measurements

Constraints on global fermion versus vector-boson coupling modifiers Run-1
(ATLAS & CMS,
observed 68% CL contour)
Current (Run-1): Extrapolation:
¥L|_ 1 6 [ T T T T T T T T ML|_ j T T T T | T T T T | T T T T | T T T T | T :
[ f_‘;’éAgu?]”? CMS . 1.25 300 1b", w/theory —— 3000 fb”, W/theory
1.4f s 1.2 - 300 fb™, w/o theory ------- 3000 fb™, w/o theory
| [ JAtLas+cus : E 1.15 f— -+ Standard Model i —f
121 s = =
- [ames _ 1.1 .
L[ Jowms ] - X
1k . 1.05 =
1= =
0.8F s - =
0.95 — =
i 1 0.9F =
0.6 i - reliminary
0 4 : '_ 6'80/0 |CL ... IIIIIIIII |95°/|° CL| +| BeuSt fltu *| S||V| eXPeCt|ed : 0.85 :_[_ 6I80/°I CLI Corl.]tOLer 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | I_E
' 0.8 1 1.2 K1 4 0.9 0.95 1 1.05 1.1
\Y
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More Standard Model physics

Continuous gain in precision and reach for rare or suppressed processes

High-profile measurements:

M,, and sin?B,,: discussed before
(work on reduction of physics modelling
uncertainties required)

Triple (TGC) and quartic (QGC) gauge
boson couplings in diboson and
triboson events also via differential
Ccross-section measurements especially
at high prand mass. This includes VBF
and VBS diboson production

QCD tests with further precision
differential cross-sections
measurements of Z/W/y + jets, also
detailed studies of V + qq VBF
production.

PDF constraints from high-precision
fiducial and differential Z/W/y cross-
section measurements

VBF, VBS, and Triboson Cross Section Measurements s:us: June 2016

of(Zjj) EWK

a4(Wyy - tvyy)

= [njer = 0]

o(Zyy - ttyy)

= [Njer = 0]

ofid (WEWjj) EWK

ofid(WZjj) EWK

ATLAS Preliminary
Run1 +/s=8TeV

Theory

LHC pp Vs =8 TeV

a Data 20.3fb!
stat

stat @ syst

25 3.0 35

data/theory
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Top physics

Continuous gain in precision and reach for rare or suppressed processes

High-profile measurements:

* Mass: discussed before

« Differential cross-sections of top charge asymmetry, spin correlations, Hy, etc. are important theory tests
« Rare processes such astb, ttZ, ttW, tty inclusively & differentially, constraints on anomalous couplings

* Forbidden processes such as the FCNC transitionst— gH, gZ, qy, g (g = u,c), alsot — d/s+W

1 ATL-PHYS-PUB-2013-012, CMS PAS FTR-13-016 Numbers:at 100 fo~!, LHC will have produced
(13 TeV numbers, summed over charges):

CL,
TTTT

_fL dt=3ab’, Vs =14 TeV ATLAS Preliminary
— Expected, tight jet p_cuts — 83M top pairs,

... Expected, tight jet P, cuts, conservative bkg
IIIIIII Expected, loose jet p_outs 22M t-channeltop, 7M Wt, 1M s-channel top,

_’
.. = Expected, loose jet P, cuts, conservative bkg - 70ktZ 6ktH
H )

_’

170k tty, 80k ttZ, 60k ttW, ...

» .. Limitont — cH(— yy) branchingratio
10 e estimated for the full HL-LHC: ~0.015%
(current8 TeV: < 0.46%)

CMS for t — cZ: current/300/3000 fb! limit:
<0.10% /0.027%/ 0.010%

15 2 25 3
Br(t — cH) (x10%)

-3
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Higgs boson physics

Constraints on new physics from coupling measurements

Example application for constraint on MSSM Higgs from Higgs coupling fit

Constraints on m, and tan in simplified MSSM model from direct H/A — 1T searches (left — current
constraint), and from an extrapolation of global Higgs coupling measurements (right)

CMS PAS HIG-16-006 23" (13 TeV) ATL-PHYS-PUB-2014-017
CMS 95% CL Excluded: = 10 i . . Lo
-~ []Observed WM = 1o Expected % 9 EATLAS Simulation Prellmlnary
Preliminary ----Expected | = 20 Expected +— : . . *
%soi‘r.‘ms‘sm_"__H_H,../,,... 3 5 Combined h — vy, ZZ*, WW
IS i scenario h > Zy. uu, T, b
- . 7 i Exp. 95% CL at Vs= 14 TeV
] 6k . Simplified MSSM [k, .. k]
5 —— | Ldt=300fb™: all unc.
] 4F b e Ldt = 300 o' : No theo.
. 3 _ v — | Ldt=3000 o™ all unc.
] e n s s R Ldt = 3000 fo" : No theo.
1 e T
'.I...I...I.T.I...I...I...: 0 1 et as e \-/i/:‘ :il-;\:/-\:\/"(-\:;\-l----
200 400 600 | 800 1000 1200 1400 200 400 600 800 1000 1200
m, (GeV) m, [GeV]

A — ttis dominant decay beyond top-pair production threshold and for low tanf3.
Very difficult channel due to interference with the continuum top pair contribution deteriorating the (broad) tt mass peak
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Searches

Will always stay a central piece of the LHC physics programme as a discovery machine

Still huge sensitivity increase this year, but will slow down with the progress of Run-2 and after.
Searches gradually move from highest masses to lower cross-sections and difficult phase space regimes

Example: dijet resonance search (interpretation with excitedu & d quarks g* — qg)

ATL-PHYS-PUB-2015-004
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Searches

Will always stay a central piece of the LHC physics programme as a discovery machine

SUSY searches will move to low cross-section
electroweak production and compressed scenarios

CMS-PAS-SUS-14-012 ATL-PHYS-PUB-2015-032
I T T T T I T T T T I T T T T I T ;‘ 1 000 :| TTT I LU I L I LU I LU I TTr T I T T 1T I Trrr I LI I LB |:
[ E . . .. 7
— Summary of CMS SUSY Projections with SMS —| . goof- ATLAS Simulation Preliminary =
— .. ] G o aessmmas JL dt = 3000 fo”, u=140, 95% CL exclusion -
Preliminary . €  goo/ Vs=14TeV ,, -
| - 50 discovery: 14 TeV, 3000 fb™' c — IL dt =3000 fb", p=140, 5c discovery 3
L |:| 50 discovery: 14 TeV, 300 fb™ | 700 ;— 3-lepton channel ..., JL dt=300 b, 1=60, 95% CL exclusion —;
0 > E 40 £ 05 -0 300" u_60. 5 i 3
X, — WL, ] [ ] 95% cL limits: 8 Tev _| 600 % XWX, 2%, —— Jot-3001" e 5o dscovery =
[ - 8 TeV, JL dt=20.3 fb", 95% CL exclusion .
—] 500— Me:=m_, -~ . asmemeEs ., —
~x0 00 - x %, T L =
X%y WH7(1X1 _ ] = B N 3
B 400F- - .
o 00 ] E R AORCILLLLE LTI : =
g - ty°x. - B 3001 e . L
[ 200 _.etent .
—— 0.0 — et : : =
g9 — qqaax %, HE 100 ’_\ : P
L L L I L L L L I L L L L I L L L L I 1 1 1 1 :I 111 I 1111 I 111 1 I 1 1 1 I 1 1 1 1 I 11 1 1 I i 11 I 111 1 I 11 11 i 111 I:
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Probe *up to* the quoted mass Mass scales [GeV] mif=mi2 [GeV]
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Searches

Will always stay a central piece of the LHC physics programme as a discovery machine

The sensitivity of dark matter searches looking for an excess in the high E£;mss tail depends strongly on
the systematic uncertainty achieved for the irreducible background — meets SM analysis efforts

D5 vector operator: MLEXv“xcﬁuq

ATL-PHYS-PUB-2014-007

> F E
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5 2000F -
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Higgs boson physics

Searches for additional Higgs bosons

The discovery potential for H/A — 1T is compromised for large m, and low tan3 where the H/A decays
predominantly to top pairs with a deteriorating interference pattern with the continuum top pair contribution

Production of gg — A — Z(—¢¢) h(—bb) in the 2HDM can be discovered for low tan3 and at least moderate
|cos(B — a)| up to and beyond m, = 700 GeV

ATLAS Preliminary, Simulation, Vs=14 TeV ATLAS Preliminary, Simulation [ ] m,=700
0 =———== e ;
? ” // fl— dt = 3000 fb 1, \@:1 4 TeV % theory forbidden region

95% CL upper limit
2HDM Type-I

2

10

m, = 700, f L dt = 300fb"

Y
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.

‘\\\\k
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W W A
o a o
l
NN A\

-
/ 7
7
——" ¢—>uu,@> 7 7
=" A ysounTwHom0Ge 2/////// /////%
1%/\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ I /
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Beyond the HL-LHC

Only a very brief enumeration of projects
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Future hadron collider projects in a nutshell

The next discovery machine

HL-LHC: £, = 14 TeV, 3 ab~', 2026~2035... (formally approved as projectby CERN council)

Future Circular Collider FCC-hh (CERN):

Ecy ~ 100TeVin 100 kmring, L ~ 2 x 10%% s7'cm~2
~16 T magnets, possibly HE-LHC (Eq, ~ 28 TeV) as

intermediate stage

Huge detectors for muon prmeasurement

Possible start of physics ~ 2035
Includes HE-LHC as project step

.

Schematic of an
80 - 100 km
long tunnel

.
1
L
L)
A}
.

L ]

~
~
Saguun*®

‘alaz

SppC (China):

« Egu~71TeVin 55km ring,

L ~1x 10%s'cm=2

« Requires very high gradient dipole
magnets ~20 T

» Possible start of physics ~ 2042

Parameter FCC-hh SppC LHC HL LHC
collision energy cms [TeV] 100 71.2 14

dipole field [T] 16 20 8.3

#IP 2 main + 2 2 2 main + 2
bunch intensity [101"] 1 1(0.2) 2 1.1 2.2
bunch spacing [ns] 25 25 (5) 25 25 25
luminosity/lp [1034 cm-2s-1] 5 ~25 12 1 5
events/bunch crossing 170 | ~850 (170) 400 27 135
stored energy/beam [GJ] 8.4 6.6 0.36 0.7
E-loss/turn 5 MeV 2 MeV 7 keV 7 keV
synchrotron radiation/beam 3 MW 5.8 MW 5.4 kW 9.5 kW
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Future e—e* collider projects in a nutshell
Measure EW & EWSB sector to highest precision

International Linear Collider ILC (host candidate: Japan)

« 20vyearsof R&D, mature technology, ~32 MV/m accelerating gradient ~xFEL at DESY (45 MV/m for 1 TeV)
* Eqy ~500-1000 GeV in 31-45 km total length, L ~ 1.8 x 1034 s~'cm~2, only one interaction region
* nmbeam size, possible start of physics ~ 2030

. . *A low energy, high current, “drive” beam is decelerated
Compact Linear Collider CLIC (CERN) in power extraction structures and the RF power is

. High-gradient 2-beam scheme*: 100 MV/m gradient transferredto the cavities that accelerate the main beam
« Eqy ~ 380-3000 GeV, 11-50 km total length, L ~ a few x 103* s~'cm~2, only one interaction region

* 0.5ns bunch distance, nm beam size, large beamstrahlung, physics ~ 2035

Future Circular Collider FCC-ee (CERN):
’ E(L:J'\rﬂ']ghig)_csf?‘ (73'061/1 'giq%%f S‘?}lkfn— , energy/beam [GeV] 45 120 175 120 105
« Synchrotron power (E4/Rupto 7.5 punches/beam el I ° > )
GeV/turn): 100 MW (LEP-2: 22 MW) beam current [mA] fas0 = £ Lo 2
luminosity/IP x 103 cm2s1 70 5 13 2.0| 0.0012
Circular EP collider CEPC (China): energy loss/turn [GeV] 0.03 1.67 7.55 3.1 3.34
* Eqy~240GeV,L ~2x 10%s'cm=2 synchrotron power [MW] 100 103 22
* Singlering, 50 bunches RF voltage [GV] 0.08 3.0 10 6.9 3.5

» Possible start of physics ~ 2028
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