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Compelling physics case with Higgs boson studies at the center

— Relevant context in S. Dawson’s talk on Tuesday morning:
https://indico.bnl.gov/event/9726/contributions/47610/attachments/33601/54068/dis_2021 dawson.pdf

= Scalar sector a very likely place for new physics to appear, directly or indirectly
= “Just getting to the interesting regime” in Higgs couplings

Both ATLAS and CMS have invested in detector upgrades that will
bring qualitatively new capabilities to the experiments

— and allow us to cope with the large amount of “pileup” resulting from up to 200
simultaneous proton-proton collisions

Order of magnitude more integrated luminosity will illuminate key
measurements that have been limited by statistical uncertainties

In this talk, | try to connect improvements to the detector upgrades, and
highlight the different experimental factors still limiting measurements
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CMS Phase 2 upgrade highlights

CMS,

F

CMS DETECTOR STEELRETURN YOKE | Silicon tracking:

Total weight : 14,000 tonnes 12,500 tonnes

New strip geometry enables L1 tracking

Smaller pixels, coverage to pseudorapidity n ~ 4

Overall diameter :15.0m
Overalllength ~ :28.7m
Magnetic field :3.8T

Trigger: Track information (and particle-
flow-like objects at Level 1

Higher rates at L1, better rejection in HLT

MIP timing detector:

THE

PRESHOWER

New capability to timestamp particles
LYSO+SiPM (barrel), LGAD (endcap)

2 _ Silicon strips ~16m? ~137,000 channels

.‘x‘. FORWARD CALORIMETER
 Steel + Quartz fibres ~2,000 Channels

\

Upgraded electronics

Barrel calorimeter:

Upgraded electronics will provide more
granularity to L1 trigger

New detector technology (GEMS)

Increased trigger geometric coverage
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Endcap calorimeter (HGCal):
° Increased granularity, silicon as active
e material for innermost layers
o N -' 7 4
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CMS Pixels for the HL-LHC

- Focus on improved radiation tolerance

—  New “RD53-based chip common to ATLAS and CMS |<_150 pm—s| i
— Sensor design improved -

* n+-in-n to n-in-p planar 8

= “3D” under consideration =

» Thinner sensor material 3

- More layers, more granularity _'f

CMS
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b-tagging and the new trackers

THE

CMS

CMS Phase-2 Simulation
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b jet efficiency

caveats: this averages over py, current
measurements average over eta

bottom line:

better performance, more
precision

will highlight some places this
appears in measurements
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ATLAS Phase 2 upgrade highlights >

THE

Trigger: Timing:
Hardware (“Level 0”) redesigned for granularity & flexibility LGAD layers in front of LAr endcap

provide timestamps for forward tracks

EF enhancements lower single-object thresholds

25m

Calorimeter:
Radiation-hard FE electronics

Pixel de
LAreld Correction

Toroid magnets

LAr higher granularity and active pileup

Muon chambers Solenoid magnet
Semiconductor fracker

Muons:

Increased trigger geometric coverage Silicon tracking:
Replace TRT with expanded strip tracker

Smaller pixels with more acceptace (|n| < 2.5 — 4.0)

ATL-PHYS-PUB-2019-005
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Predicting the future

« Cross sections scaled from 13 - 14 TeV

- Statistical uncertainties estimated from expected
integrated luminosity Easier

- Detector improvements: expanded capabilities (timing),
acceptance (forward tracking), more detector layers ...

— Based on simulated detector performance when feasible

v

Systematic uncertainties are the human factor in our

measurement Harder

— Express limitations of techniques and knowledge

— Different approaches

» Use current best values, unchanged (S1)

» “YR18” improved uncertainties agreed by ATLAS and CMS (S2):
theory uncertainties 50% of current, experimental uncertainties scale
with statistics to “floor” defined by expected detector performance

CMS
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Higgs pair production

A flagship measurement of HL-LHC

Directly examines the shape of the Higgs
potential

— Implications for electroweak baryogenesis

Channels with highest BR don’t dominate
sensitivity
— systematics and/or large backgrounds

Both experiments expect 3c evidence (in

9
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CMS HH

CMS

30

CMS Phase-2 3000 fo' (14 TeV)
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- Parametric detector model (Delphes)

- Most sensitive analysis: bbyy

Double resonance search with BDT
classifier

%

— Main background (ttH, H = yy) evidentin m, ,

m, [GeV] - Largest branching ratio: 4b
diphoton mass ; : :
— Large multijet background with substantial
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CMS HH

CMS

CMS Phase-2 3000 o' (14 TeV) CMS Phase-2 3000 b (14 TeV)
g 10° - Simulation Preliminary Assumes no HH signal % gé ,‘ Simulation ‘P reliminary Assumes SM HH signal
T | 95% CL upper limits - Median expected 3 , || -~ bbb y
T | - bbbb - bbtt | o bbrt ;'
T | —«Dpbw(vv) - bbyy ) | e pRvviviv) |
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branching ratio Channel Significance 95% CL limit on ojqy1/ o9t
Stat. + syst. Stat. only Stat. +syst.  Stat. only . .
33.6% Insight from Run 2 results: b-tagging
070 bbbb 0.95 12 2.1 1.6 . . . -
7.3%  bbrr w0 Te 14 13 is leading experimental uncertainty
1.7% bbWW/(fviv) 0.56 059 35 3.3 (2.8% for 4b,1810.11854)
0.26% bbyy [1.8 1.8 | 1.1 1.1 - —
0.015% bbZz(tetr) 0.37 0.37 6.6 6.5 For leading channels, statistical
w Combination 26 28 0.77 0.71 uncertainty is dominant
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ATLAS HH

- Extrapolation from Run 2 analysis, with
smeared truth-level simulation for bbyy

«  Expected 8% improvement in b-tagging
efficiency included based on simulation of
new tracker

- bbbb analysis: multijet background
significant as for CMS

«  bbrtr highlights MC statistical uncertainties,
other prospects analyses set them to zero
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ATLAS HH

CMS\
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CMS Higgs couplings

production mode

3000 fb' (13 TeV)

CMS

CMS

Projection

— —

w/ Run 2 syst. uncert. (S1)
——— w/ YR18 syst. uncert. (S2)
— w/ Stat. uncert. only

0.01 (Stat); 0.03 (S2); 0.06 (S1)

0.03 (Stat); 0.04 (S2); 0.05 (S1)

0.05 (Stat); 0.06 (S2); 0.08 (S1)

0.04 (Stat); 0.06 (S2); 0.07 (S1)

3000 fb~! uncertainty [%]

0.02 (Stat); 0.06 (S2); 0.10 (S1)

0 0.1

0. 03
Expected uncertainty

Total Stat |SigTh | BkgTh  Exp

S1 57 08 | 54 0.9 1.2
PesH o 31 08 | 28 06 |09
s1 47 [26] ] 30 13 21
HVBE oo 37 |26 | 21 03 16
S1 82 46 | 29 33  [52
PWH oy 64 [46] | 14 27 32
s1 72 [39]] 51 25 21

ZH o 57 |39 ] 30 23 1.7
S1 99 18 | 83 41 3.1

P or 62 18 | 42 34| 24

Limiting
uncertainties
boxed in red

not knowledge of measured
cross section, but do count in

SM comparisons

- VBF and ZH remain limited by statistical uncertainties

- Theoretical and experimental uncertainties limit others

CMS-PAS-FTR-18-011
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CMS Higgs couplings

by decay channel

3000 fbo' (13 TeV)

CMS w/ Run 2 syst. uncert. (S1)
. . w/ YR18 syst. uncert. (S2)
PrOj ection w/ Stat. uncert. only
MW iy
0.01 (Stat); 0.03 (S2); 0.05 (S1)
UWW Ly
0.01 (Stat); 0.03 (S2); 0.04 (S1)
I_LZZ ———

0.02 (Stat); 0.03 (S2); 0.05 (S1)

0.02 (Stat); 0.05 (S2); 0.07 (S1)

0.02 (Stat); 0.03 (S2); 0.04 (S1)

0.09 (Stat); 0.10 (S2); 0.13 (S1)

>

03 0.4

0 0.1 0.2 ]
Expected uncertainty

uPb above also includes other
production modes (VBF,
boosted ggH)

CMS

Zoom in on VHbb (associated production

via WH, ZH)
S1 S2

Total uncertainty 7.3% 5.1%
Signal theory uncertainty 54% 2.6%
Inclusive 4.6% 2.2%
Acceptance 27% 13%

| / Background theory uncertainty 2.8% 2.3%
Experimental uncertainty 2.6% 2.2%
b-tagging 22% 2.0%

JES and JER 0.7% 0.6%
Statistical uncertainty 32% 3.2%

CMS-PAS-FTR-18-011

Broadly
similar for
ATLAS

Importance of
understanding
b-tagging
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ILLINOIS

AT
CHICAGO

THE

@ 25 Fermilab

c. mills

April 16, 2021

14



ATLAS H couplings -

production mode by decay channel
L | L | 1T ‘ T T T I T 17T | 17T ‘ 1T I T T | T T T I T T T | T T T | T T T I T T T | T T T I T T T | T
ATLAS Preliminary Total(S1) } | ATLAS Preliminary Total e  Stat. Syst. [
Projection from Run 2 data Projection from Run 2 data
Vs =14 TeV, 3000 fb" Total(S2) — Vs = 14 TeV, 3000 fb™ Total  Stat Syst
agF BRys E +0.050 ( +0.020 + 0.046 )
BR.. : +0.044 (£ 0.017 + 0.041
VBF _ IEI ( :
v BRy,y == +0.044 (+0.010 £ 0.043)
WH — BR,, Fe +0.037 (+0.012+0.035)
- BR,, Fed +0.038 (+0.016 +0.035)
BR,, I—IIEi—| +0.137 (£ 0.127 £ 0.049)
ttH :
— BR,, | —e%——+ | +0.242(+0.203+0.131)
caa b b v b b T a1y vl b v by o b e e b by e b Ly
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Expected uncertainty BR norm. to SM value
- Statistical uncertainty smaller than systematic for all but rarer uu, Zy channels
- Similar ratio of systematic / statistical uncertainty for bb, tt, WW
L - Look at limiting factor for precision in three different channels: yy, WW, bb
= — Uncertainty breakdown for the most sensitive final state
gg § — A simplification, but still instructive ATL-PHYS-PUB-2018-054
2Z O
3353

THE
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ATLAS H couplings vy

CMS

THE
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ggF uncertainties: AclGg,

-0.02-0.01 0 0.01 0.0

R L ll T [T

photon isolation efficiency

pileup reweighting

photon ID efficiency

ATLAS Flreliminary I
Projection from Run 2 data
-1
|‘{|§ =14 TeV’235000 fo Total Stat. SYST.
Y7, [y, <2 |
ggF+bbH H—es—H 1.00+0.04 (+0.02,+0.03 )
I = | +0.10
VBF H . H 1.00 70 (£0.04,+0.08 )
VH : - | 1.00 + 0.09 (+0.08, gsi’ )
top } - i 1.00 *9% (+0.05,+0.06 )
I
}ed Total Stat []Syst | SM
1 L 1 1 l 1 1 1 1 I L 1 1 1 | 1 1 1 1 | 1 L L 1 | 1 1 1 1
0.8 0.9 1 1.1 1.2 1.3 1.4

(6xB)/(cxB),

« Limited by understanding of
reconstruction

- Systematics-limited in all but VH
- Main uncertainties from photon

isolation and identification uncertainty,

pileup-related

luminosity

UEPS VBF 2
1]

trigger efficiency =

jet flavour composition VBF

JER +

jet pileup p-topology

jet flavour composition ggF

—— Pull + 15 Postfit impact
ATLAS Preliminary

Projection from Run 2 data
Vs=14TeV, 3000 o'

IlLIlllLJlllIJILIIIlLII

ATL-PHYS-PUB-2018-054

1 05 0 05 1
(6-6,)/A6

CHICAGO
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ATLAS H couplings WW

CMS

THE

UNIVERSITY OF
ILLINOIS

« Limited by methods (background estimation)
— S/B ~ 10% and simple sideband subtraction is not an option

— Fake lepton background a notorious challenge

— Large background from WW must be extremely well-controlled

ggF uncertainties:

> L L L L B L AL B ] . ] —— Pull
8 1200 ATLAS + Data \\ Uncertainty ATLAS Preliminary - ﬂ
o E Ho W N = 0 W H: B Hoee ] Projection from Run 2 data ~lo effect on G
- L H— —evuv, N = [ iw [l ww - /s = 14TeV, 3000fb~!
o 1000~ {s=13Tev,36.1 0" Wz, [ Misid ] [ ] +10 effect on G
S N m v ] Ac/asu g2 -0.01 0 001 002
2 800 — w | | \ |
i C ] : } !
600 C ] P i N—! i muon fake factor EW subtraction
C ] 3 k \ E muon eff.
4001 . : N | it rormatint
- 4 \ * Z/~* 0 jet normalisation
200} — N ggF PS (0/1 jet)
. B ] i \4« E g9 — WW extrap. from CR (0 jet)
50 100 150 200 250 | \\ : ggF pdf acceptance (0/1 jet)
Image to illustrate signal & background shapes m; [GeV] ‘ \\ m Fe i i T
Phys. Lett. B 789 (2019) 508, } N d
Uggr = 1.10 £ 0.20 : ; top 2 jet+ normalisation
3: \\Q} : luminosity
3 I : flavour tagging NP BO
o L DN ! L
2 ATL-PHYS-PUB-2018-054 ¢ -1-0.75-05-025 0 02505075 1
o
=X
<0
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ATLAS H couplings Vhbb 7

Ao/ Oy

-0.08 -0.06 -0.04 -0.02 O 0.02 0.04 0.06 0.08
L L N N N RN RN R

« Limited by theoretical modelin N
y J wsel| ¢ P ——|
—> QC D Scale QCD scale VH (acc.) : %/4/27—' :
— Vector boson transverse momentum e v/
VH 2-to-3 jets acc. (QCD) ' L 4
model ; e L
) . stop acc. (Wt —other) . /////C
- Jet energy scale contribution from Wznormaleaton| | pors
uncertainty in flavor composition fimy shape | 4 ;
. . . W + HF 2-jet scale factor ‘ 7/// (E)l
- Db-jet tagging not primary sopace (itt)| | . s
JES VV flavour composition : g//
VZ acc. (QCD, 4-jet veto) : é//
b-jet tagging extrapolation ;é
W-+HF norm. CR/SR - //é
Z + HF 2-jet scale factor : // (§)
Wijets My shape E ;//j
WH uncertainties: ATLAS Freiminay o v
Projection from Run 2 data +16 Postfit Impact on n
w Vs=14 TeV, 3000 fb" [ -1 Postfit Impact on p
g \I‘II\\'I\II'\\\Il\llllll\
IF-) -1 -0.5 0 0.5 1
23 &  ATL-PHYS-PUB-2018-054 (6-6,/26)
>Z
w== =
£32%3
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CMS

BSM searches
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- Searches that improve most are those currently limited by statistics or
detector capabilities

Detector: New heavy scalar to tt Statistics: h(125) to light pseudoscalars
— Improved tau identification (“a”) to ttbb or trup
(better tracker) and more — 2HDM+S well-motivated model and less
acceptance constrained than 2HDM
«10° h—aa— 2u21 (13 TeV)

T T I T T T T ‘ T T T T | T T T T I T T
10 ATLAS Preliminary — Baseline -~ 50 sensitivity
F  Projection from Run-2 data [l + 1o ---- Unreduced sys. J
[ Vs=14TeV, 3000 fo" +2¢ ----Stat. unc. only ]
gluon-gluon fusion 7] Run 2 exp., 36.1 fb”

—— 36 b '
102r CMS £

 project * 300 fb”, with YR18 syst. unc.
[ rojection _, 3000 fb", with YR18 syst. unc. |

pmmn-moomm.m“l

10F

95% CL limit on ?B(haaa—x?uzﬂc)
SM

—4 ||I|||\‘||||||||\I|| e
10 500 1000 1500 2000
1520 250 35 40 45 50 55 60

m, [GeV] m, (GeV)

(ATL-PHYS-PUB-2018-050) (CMS-PAS-FTR-18-035)
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CMS

Summary

Projected measurements motivate new

facilities
— HL-LHC, HE-LHC, ILC, FCC, muon collider...
- Requires good understanding of planned prospects  detector design &
detector upgrades studies facility planning

— Which are themselves motivated by the physics goals

Stringent tests of SM-like observed Higgs boson

— 4-5% total uncertainty in “big 5” channels (WW, ZZ,
vy, bb, 7)

— Different limitations in different channels: statistics,
background-estimation methods, particle identification

Expect evidence for Higgs pair production
— Non-SM signal potentially larger (or smaller)

Next up: resumption of Snowmass
— CMS and ATLAS have both submitted Lols

— Aiming for improved analysis strategies and new
channels in next round of prospects

:é_' - Detector upgrades now starting construction —
gg % looking forward to the data!
w2Z ¢
F5E%3 @ 25 Fermilab c. mills April 16, 2021 20
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CMS

HL-LHC overview

- Start of the high-luminosity LHC (HL-LHC) in 2027 will be the culmination of
over a decade of intensive work

- 14 TeV proton-proton collisions, 3000-4000 fb-! at instantaneous luminosity of
2 x10% cmist

- Comparison: Run 3 imminent at 13 TeV (possible upgrade to 14 TeV), 300-
350 fbt and inst lumi up to 2 x 103* cm-s1

- Up to 140-200 interactions per bunch crossing

LHC / HL-LHC Plan HiLumi')

%, LARGE HADRON COLLIDER

“ 13-14 TeV EYETS LSS 14 TeV e
Diodes Consolidation o
Liun i -
nstallation inner tiplet . HL: LHl.::
Civil Eng. P1-P5 radiation limit installation

sraction

regions
unarad phate | o
upgrade phase 1 ATLAS - CMS

ALICE - LHCb 2 x nominal Lumi HL upgrade
N _—
75% nominal Lumi e

" integrated JEALLRLLS
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Common systematics
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Table 1: The “floor” systematic uncertainties for the HL-LHC.

CMS

Uncertainty Working point/ component Value
Electron ID All WPs, pt > 20GeV 0.5%
All WPs, 10 < py < 20GeV 2.5%
Photon ID 2%
Muon ID All WPs 0.5%
Tau ID All WPs 2.5%
Jet energy scale Total 1-2.5%
Absolute scale 0.1-0.2%
Relative scale 0.1-0.5%
PU 0-2%
Jet flavor 0.75%
Jet energy resolution 3-5% as a function of 7
b-tagging b jets (all WPs) 1%
c jets (all WPs) 2%
Light jets, loose WP 5%
Light jets, medium WP 10%
Light jets, tight WP 15%
Subjet b tagging 1%
Double c tagging
prs Propagate jet energy
corrections uncertainties (must)
Propagate jet energy
resolution uncertainties (recommended)
Vary unclustered
energy by 10% (recommended)
Integrated luminosity 1%
@ 3% Fermilab c. mills April 16, 2021
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Indirect tests
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“kappa” framework

- Rescaling of processes
according to LO vertices

« Simple to implement in
statistical frameworks for
immediate interpretation of
new results

CHICAGO

ggF, h 2> WW*

scale factor for total width

CMS

Effective Field Theory (HEFT, SMEFT)

Model-independent, gauge-
invariant parameterization of all
operators respecting symmetries
of the SM

— Subtleties in implementation of
EWSB distinguish approaches

Allows new structure in
interactions, not just rescaling of
existing processes

Inclusive: incorporates not just
Higgs observables but other
precision measurements (top, W,
Z, at LHC, Tevatron, LEP)
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ATLAS H couplings ZZ4l 7

« Statistics dominated
in all but ggF

T I T T T 1 T T T l T T T T T T T T
ATLAS Preliminary
Projection from Run 21data
Vs =14 TeV, 3000 fb’
’ Total  Stat. Syst.
Ho 27 |¥||<2'5 I ota a ys
ggF == 1.00+0.04 (+0.02,+0.04 )
——— 1010 4,
VBF 1.00£012 (o £0.07 )
1 +0.19 +0.18 +0.07
VH : e 1 1000 548 € o147 " 006 )
Iy L e 1 +0.23 +0.22 +0.06
ttH ' ‘I—' 1100 % ¢ 020 * -005 )
e+ Total | | Stat [ syst | sm
1 | 1 1 1 J 1 1 1 I 1 1 1 I 1 | 1 1 1 I 1 1 |

0.6 0.8 1 1.2 1.4 16 1.8
(cxB)/(ox B)SM

ATL-PHYS-PUB-2018-054
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CMS: sign of top coupling
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- Dedicated tHg analyses have no sensitivity at SM values but
channel is dramatically enhanced for non-SM couplings

Additional data resolves sign ambiguity

CMS Projection

300 fb~ ' (13 TeV)

CMS Projection

CMS

3000 fb' (13 TeV)

o 40 . 7 o 40 n
pp— tH+UH 11 [ pp—tH+tiH i
35+ H—WW/ZZ/r7/bb/y~ ! ! 351 H—WW/ZZ/77/bb/yy 1} P
ry = 1.0, resolved b ry = 1.0, resolved SR
30T i P 30 ¢ i i
25 | N i 5 25 '. L 50
20 | ".‘ o0
I‘; = “‘ f’ ." Ao E :I :' | Ao
15 ¢ WAL 15| 1
10 B 30 10} i 3
5 ---- w/Run 2 syst. uncert. (81)"‘3\ ;’:f' 2q 5 ---- w/Run 2 syst. uncert. (S1) I“:'; J.",-" 2
=== w/ YR18 syst. uncert. (52) % / 10 ---- w/ YR18 syst. uncert. (S2) ‘I:";é';" i
0 : . L ol . . . > ;
-3 -2 -1 0 2 3 -3 -2 -1 0 1 2 3
Kt K1
CMS-PAS-FTR-18-011
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ATLAS Phase 2 detector

CMS

- Completely new: HGTD
— LGAD technology
— Coverage in forward region to target jets
— 3 ps timing resolution per track (42-60 ps per hit)

A\l
Outer Drum L
8
MBTS threaded holes to

be used for HGTD bolting
on the Lar EC wall
w ®

Thermal
shield

2 double-sided layers of
LGADs & ASICs and
peripheral electronics

) 0 10:5 = T T T T T T =
. 2 = —=— [Tk-onl 3
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P 2 = —— ITk + HGTD, Final _
. o —— ITk + HGTD, Worst Case _
. : 10 —
o\’ /B =
<)
Inner o :
ndrel _
sl \ 10— ATLAS Simulation Preliminary |
E Vs=14TeV,<u>=200 30< p':_‘ <50 GeV =
- HGTD 25<h*1 <38 .
| Pythia8 di-jets ]
20mm Moderator | I I 1 ]
outside the HGTD Vessel ; -y " i =
Front 2 =
wi::r;ﬁ:fz‘::errs 30mm Moderator inside Back cover 2 =
the HGTD Vessel E =
. - 3
= ==
" -P- 0.8 085 0.9 0.95 1
[+ 4 ‘2 g LH CC P 012 Efficiency for hard-scatter jets
wo g
w2z ©
TZ-LT . .
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ATLAS Phase 2 detector

CMS

Inclined Modules maintain track hits
with fewer total planes - less material

E X assminion T o
[ imuiation Inclined Duals
E' 40— 0 n=20 E
350 - ‘ =
n=30 —
300:—.‘—.mnnmm| I I I I I I I I 7:
250__—-;_\\\\\\\\\\\\\ I || | I 3
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150_\“\\\'1'-\\" I I’ r I I I I I =
4.0
to0mm [1111111} lHlillILI IR B o i B
50.__umnr1'm PiL 3
00* - ‘500' 7000 1500 2000 2500 3000 3500
z [mm]
§  FTTTT T T T T s 10° gz R B B Sy Cr s
B F ATLAS Simulation § AT HS Slmul o] T S — ;
) ) S [ Vs=14TeV, ti qu>=200 S ----F_14Tev & @_200 SSSS S — —
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. - . >k o _ S
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. ; e [ Lo
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CMS

Evolution of projections

- Making projections of Higgs measurements is as old as the
Higgs boson itself

- How have our expectations changed over the years?

- Surprisingly difficult to compare new and old projections
— Priority measurements in Run 1 & 2 have shifted

— How we think about these measurements has evolved

= “signal strength” u = cross section x BR
» “kappa” scale factors to STXS and EFT

CMS-PAS-FTR-18-019

CMS-PAS-FTR-15-002 Channel Significance 95% CL limit on (THH/U}S?PAI
Stat. + syst. Stat. only Stat. + syst.  Stat. only
bbbb 0.95 1.2 2.1 1.6
0.9¢c | bbtt 14 | 1.6 14 1.3
bbWW (lvlv) 0.56 0.59 35 3.3
1l.7¢* [ bbyy 1.8 ] 1.8 1.1 1.1
bbZZ((000) 0.37 0.37 6.6 6.5
S 1.95 Combination 26 2.8 0.77 0.71
=
22 8
u 'é'g by *| subtracted in quadrature from the combination (ignores correlations)
TZ-I : )
F5255 @ 2 Fermilab c. mills April 16, 2021 29



Evolution of couplings — ATLAS

« Only comparable numbers are in
couplings baseline measurements

- Doubled the expected precision

- Muon coupling (k) least changed:
statistics-dominated

« Most dramatic: k, 11% > 4.4%

— Tempting to ascribe to b-tagging with
machine learning, but ML already in use
by then (though methods have advanced)

Nr. Coupling

All

3000 fb!
Theory unc.:
Half | None

Kz
Kw

Kb
Kr

Ku

43% (3.9% | 3.8%
4.8% |4.1% | 3.9%
82% |6.1% | 5.3%
12% |11% | 10%
9.8% (9.0% | 8.7%
13% |7.1% | 7.0%

ATL-PHYS-PUB-2014-016

CMS

POI | Scenario Precision
kw | HL-LHC S1 | *0-0%
HL-LHC S2 | *018
kz | HL-LHC S1 | #0-0%6
HL-LHC S2 | *-00
;| HL-LHC S1 | *0-04
HL-LHC S2 | *0-0%0
kp | HL-LHC S1 | *0:064
HL-LHC S2 | *0-0%%
kr | HL-LHC S1 | #5038
HL-LHC 82 | #0-0%8
kx | HL-LHC S1 | #0079
HL-LHC 82 | *0-0%0
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