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. CMS,
Introduction @L 3) —

EXPERIMENT [\ \ ™

e Precision Higgs coupling Model o o -
measurements are a key pillar ~ g, qjet Mixing ~ 6% ~ 6% ~ 6%
of the HL-LHC physics 2HDM ~ 1% ~ 10% ~ 1%
programme Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —.4%
Composite ~ —3% ~—-B83-9% ~ —-9%
e BSM physics can manifest as Top Partner ~ —2% ~ —2% ~ +1%
percent-level deviations arXiv:1310.8361

e Most results shown today
from HL/HE-LHC Physics Y
Workshop (2019)

- Extensive studies of the HL-LHC Higgs Physics
physics potential based on at the HL-LHC and HE-LHC
. Report from Working Group 2 on the Physics of the HL-LHC, and Perspectives at the HE-LHC
latest understanding of the

CERN-LPCC-2018-04
> February 4, 2019
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CMS
HL-LHC upgrade ATLAS L%

EXPERIMENT [\ \ ™

LS3

13 TeV 13- 14 TeV 14 TeV
e Diodes Consolidation energy
splice consolidation cryolimit LIU Installation
7 TeV 8 TeV button collimators in?eoracnon i HL- th(': S5to7.5x nominal Lumi
R2E project regnons 11 T dipole coll. nstallation
Civil Eng. P1-P5
2017 \ 2016 ---- 2025 | 2028 (Il m»
ATLAS - CMS
radlahon
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes HL upgrade

nominal Lumi

2 x nominal Lum;i ALICE - LHCb ) 2 x nominal Lumi

75% nominal Lumi '/—_ upgrade
~ 190 o ETs e 2 o)
e Nominal HL-LHC scenario:
- L=5x1034cm2s1= 300 fb-' / year = 3000 fb-1 total, <PU> = 140

e Ultimate scenario:
- L=7.5x1034cm2s1= 400 fb-1 / year = 4000 fb-" total, <PU> =200

e HL-LHC is a Higgs factory:

- 170M Higgs bosons
- 120k HH pairs
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Detector upgrades

@ CMS,

ATLAS =

EXPERIMENT [\ \ ™

/

e Comprehensive upgrade programme to prepare for HL-LHC conditions:

Trigger / HLT / DAQ
Track information at L1 Muon system
HLT output: 7.5 kHz extensionto [n| =29
CMs [ fTouw nl

Muon system upgrade
- new chambers &
improved trigger

Upgraded calo.
electronics

& AN
Tracking up to |n| =4| New high-
granularity
New MIP timing detector englcap
30 ps time-of-flight resolution calorimeters

Trigger / DAQ
HLT output: 10 kHz

New inner tracker,
upto|n|=4

6/10/20 A. Gilbert (NWU)
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Physics studies for HL-LHC

£

L

EXPERIMENT

e Many measurements will be systematics limited, approaches used:

CMS
]

L <\

7%
2 )\ \\

e (1) Projection of existing analyses - based on the Run 2 analysis statistical model

- Used for the majority of the following results

2 Run 2 analysis 2 A Projection
E X Data g systematic
{% Background L w uncertainties X Data
N B H(125) N . —HL-LHC { § Background
X Syst. uncert. Lruno f I H(125)
Syst. uncert.
3 Fit to Asimov
f dataset
Scale
normalisation
*-'X*
Assume MC
stat. uncert.
negligible
mxx [GeV] mxx [GeV]

- Generally assumes Run 2 performance (efficiencies, resolutions...) maintained

e (2) Analysis based on new simulation - often with fast techniques, e.g. Delphes
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Projection scenarios

e Results given under two assumptions
- 81 : Current uncertainties remain unchanged

CMS
LAS ==

EXPERIMENT [\ \ ™

/

- S2:Theoretical uncertainties scaled down by a factor 1/2, experimental uncertainties
reduced with integrated luminosity until expected minimum uncertainty reached

e Common treatment for ATLAS & CMS:

6/10/20

Source Component Run 2 uncertainty Projection minimum uncertainty
Muon ID 1-2% 0.5%
Electron ID 1-2% 0.5%
Photon ID 0.5-2% 0.25-1%
Hadronic tau ID 6% 2.5%
Jet energy scale  Absolute 0.5% 0.1-0.2%
Relative 0.1-3% 0.1-0.5%
Pileup 0-2% Same as Run 2
Method and sample 0.5-5% No limit
Jet flavour 1.5% 0.75%
Time stability 0.2% No limit
Jet energy res. Varies with pr and 7 Half of Run 2
MET scale Varies with analysis selection Half of Run 2
b-Tagging b-/c-jets (syst.) Varies with pt and 7 Same as Run 2

Integrated lumi.

light mis-tag (syst.)
b-/c-jets (stat.)
light mis-tag (stat.)

Varies with pr and 7

Varies with p and 7

Varies with pr and 7
2.5%

Same as Run 2
No limit
No limit

10/0
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CMS

Example: ttH(— bb) | AS 25

EXPERIMENT [\ \ ™

e Important channel for top Yukawa coupling, but

h ” . . CMS 35.9 b (13 TeV)
Cchallenging: @ st (2|6 jets, zslbtags) | . E_)atl:l []silgnal | b
- Good b-jet energy resolution required g 107t hode mi Bsnoer 3
= t+ T+ T
- High jet & b-jet multiplicity = categorisation improves S/B ST B Bomson
Bt+bb JUncertainty 3
- Main systematics from modelling of tt+HF with simulation 0 i
e High-level analysis techniques (BDT, DNN, MEM) exploited 10k _
ATLAS impaCtS @ 3000 fb-1 R 1§| L1 I L1 IA‘I L1 1 = L1 1 = | I | ‘ [ | L1
AG/G o L I I I I I =
. O 15F =
|TO|(|5 T TO|‘|1 |TO|2| T |(|) T |0i2| T |0i4| T |0-|6| T D\c; 1; o g e g ® }\4\ SN j\\\?\*\\\\#\\ %
T O05F =
b: NLO gen. D000 e tt+HF cross section  CF .Y CH O Y- m T
: ' e DNN discriminant
shape tt+bb . uncertainties CMS Projection /s =13 TeV
t: PS & hacron, 5 / 5 expected toreduce by 2 %% veis o Total
5 7. =0.45F w
ttb: norm. //Z m factor 2-3 ;: 0 45_ syst. uncert. (S2) __: g:gfrh
o mese j £ 03k ; B:gg htf+HF XS
: : : < C .
b—tag: effic. NP 27 .._g_., 5 03 Exp
xS : % : - ——— e § 0.25F ——  Luminosity
t "‘+“‘ : ; £ .~ ~~n/ e e - — B tagging
5 1o . ' 10-20% precisiononj 3 oz JES
av. Response ’ ¢ i & 2 O -
B " O 0.15F
ttc: NLO gen. ._%_._. .O(ttH — .bb) L%)_ 0-15
ttc: ME reweighting .—.ﬁg—.—. aChIevabIe In eaCh ‘. 0.05;
ATLAS Projection from Run 2 data : ;Egg]nﬂi:f;izgviaﬁon experi ment ( L 1(‘)2 7 ; —— .1(.)3
Preliminary| missimisern | rotesion: | Suummesnaont o Integrated luminosity (fb™)
111 | L 111 | L 111 | L 111 | 111 | L 111

-3 -2 -1 0 1 2 3
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S : CMS,
Combination: production & decay rates A@)S —

EXPERIMENT [\ \ ™

e ATLAS+CMS combination assumes experimental uncertainties uncorrelated,

theory uncertainties 100% correlated CERN-LPCC-2018-04
Vs =14 TeV, 3000 fb' per experiment
{s=14TeV, 3000 o' per experiment [ T T T T T T
"""""""""""""""" .| Total ATLAS and CMS
E Total ATLAS and CMS —— Statistical ) .
—— Statistical . _ HL-LHC Projection
_ HL-LHC Projection —— Experimental
—— Experimental Theor
— Theory Uncertainty [%] y Uncertainty [%]
Tot Stat Exp Th Tot Stat Exp Th
VY =
OggH = 16 07 08 12 B ' —. 2.6 1.0 1.5 1.9
BZZ — 29 12 15 22
O — 31 1.8 1.3 21
VBF —— .
WW —
B — . 2.8 11 12 23
OwH —— 5.7 33 2.4 40 B™ = 26 14 1.3 22
I bb =
Ozy — 4.2 26 13 3.1 B — — 44 1.5 13 40
— B™ = 8.2 7.4 15 30
OttH I 43 13 1.8 37
,,,,,,,,,,,,,,,,,,,,,,,,,,,, BZY 19.1143 32 12.2
0 0.02 0.04 0.06 0.08 0.1 o2 o014 =
0 0.05 0.1 0.15 0.2 0.25

Expected relative uncertainty Expected relative uncertainty

e NB:in these projections the inclusive SM theory uncertainties are not included
- "Theory" =signal acceptance + all background theory
6/10/20 A. Gilbert (NWU) 8



Higgs couplings

e Coupling modifier projections in the k-framework

* ggH and H—yy loops treated with effective
modifiers kg and Ky

3000 fb' (13 TeV)
C MS w/ Run 2 syst. uncert. (S1)
. . w/ YR18 syst. uncert. (S2)
Projection
w/ Stat. uncert. only
Bgsm =0 0.95 CMS Projection 13 TeV
K =2 7
L0 0.01 (Stat); 0.02 (S2); 0.03 (S1) = i w/ YR18 syst. uncert. (S2) - Total
g I Parameter: « M ga;-h
" E i - =+ olJg
W 0.01 (Stat); 0.02 (S2); 0.03 (S1) LC> 0.2 # BkgTh
> I Expt
KZ —t— e
0.01 (Stat); 0.02 (S2); 0.02 (S1) @ I W OPOV- PRI SELS S SIS N S
K g 015 Experimental uncertainties |
g . . Q r . oy e [
001 (Stat); 0.02 (52); 0.04 (S1) o ¢ reduced with additional data and |
K; o1k ' improved calibrations
0.01 (Stat); 0.03 (S2); 0.06 (S1) - -
Ky
0.02 (Stat); 0.04 (S2); 0.06 (S1) i
0.05
Ky —+ I
0.01 (Stat); 0.02 (S2); 0.03 (S1) :
K H " oL~ v . L .TT\.f
M 0.05 (Stat); 0.05 (S2): 0.07 (S1) 102 10°
0 0.05 0.1 0.15 0.2 Integrated luminosity (fb™)
Expected uncertainty
CMS-PAS-FTR-18-011 Evolution of uncertainties vs. Lint
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Higgs couplings

@ CMS,
CA

ATLAS L£=5

EXPERIMENT [\ \ ™

Vs = 14 TeV, 3000 fb' per experiment

T T T T T T T T

Total

e CMS + ATLAS combination: most
couplings measured with 2-4%

—— Statistical
—— Experimental
—— Theory

precision for scenario 2 K

e NB: unlike o and BR projections the Sw

T

ATLAS and CMS
HL-LHC Projection

Uncertainty [9%]
Tot Stat Exp Th
1.8 08 1.0 1.3

1.7 08 0.7 1.3
1.5 0.7 06 1.2
25 09 08 21
34 09 1.1 3.1
3.7 13 13 3.2
1.9 09 08 1.5

4.3 38 1.0 1.7

inclusive signal uncertainties are Kz
included here and tend to K
dominate K,
e Impact of some uncertainties can Kp
be reduced by measuring ratios of K,
couplings: Ay = Kx/Ky Where K,
uncertainties cancel (see backup) s

9.8 72 1.7 64

6/10/20 A. Gilbert (NWU)

0 002%\004 006

—

statistically

¥ Kuand Kkzystill §

008 01 012 0.14
Expected uncertainty
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Charm Yukawa coupling @ -2

ATLAS =
EXPERIMENT A\ | ™
* BR(H—cc) ~ 2.9%, but suffers from large
background arXiv:1802.04329, ATL-PHYS-PUB-2018-016
o Direct searches from ATLAS & CMS: CMS-PAS-HIG-18-031
- ATLAS: pizh(co < 110 x SM @ 95% CL T L R R
- CMS: s < 70X SM @ 95% CL 00 arias sisten premiry 'k ™
c\_.g 700 — 2 c-tags, p? = 150 GeV .gg(bb) E
e Projection of ATLAS result to 3000 fb- S 00l Bzw E
gives expected limit: PzHeo < 6.3 X SM @ - m -
95% (stat. only) > —nen OB
- Systematics expected to increase limit by 36% 400 E
300 —
o Will benefit from future improvement in c- 200 E
tagging techniques 100 E
e VH(bb/cc) also studied in LHCb, projection i — , , , , , , _
[*] gives pcc limit of ~ 50 x SM, but with | S ———— I‘
detector upgrades can reach 5-10 x SM - S T I I
| | 0 60 80 100 120 140 160 180 200
cve m__[GeV]

6/10/20 [*] LHCb-CONF-2016-006 A. Gilbert (NWU) 11



A note of caution

A

EXPE

L

RIME

>

CMS
0

W/ \\\ \\
) |

e These projections are predictions of future improvement to measurements we
have already made, but new measurements will go beyond this

e = Current projections are not the final word on HL-LHC physics reach

e For example, in going from inclusive o x BR measurement to simplified template
cross sections can use distributions to constrain EFT coefficients

-10

0 5 10

15

Parameter normalized to SM value

6/10/20

arXiv:1909.02845
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ATLAS "Total Stat. Syst.
+0.14 ,+0.12 +0.07, i - - -
{S=13TeV, 36.1 - 79.8 fb” B,,/B,. 0.86 a1e (18'5 £-2§) Fit to ATLAS STXS measurements (ATLAS-CONF-2017-047)
my, =125.09 GeV, IyHI <25 BBz 0.63 -8?3 (-8:131 j?g)
P, = 89% Byw/Bzz 0.86 ﬁgg (‘8:;;’ ﬂé)
—e—iTotal Stat. Be/Bz P 087 54 (lo1e -0.14) Py
=== Syst. I SM BT R VX S B R R B ¥R cG[ 10-4] I
Total Stat. Syst. :
0-jet o 120 913 (518 009 Cross-section region > Aic
1-jet, pH<60 GeV =1 057 +0.43 ( 037’ t023) -
1-jet 6(;sp”<120GeV - 0.87 ﬁg; ( ggg +8$g) gg — H (O—Jet) . 1
gg—H x B, i ! T I . -0.34 \-0.31’ :015 cA[10- ] :
T |1t 120 5 py <200 GoVimey 130 99 (5% 0% g9 — H (1-jet, pif < 60 GeV) 56, L
- 2461, <200 GeV  paey 141 1058 (046 w0 I
- 0. — - < P
= Tdet, p? =200 GeV | ey 205 05 ("oes Toad) 99 — H (I-jet, 60 pT < 120 GeV) L1
----------------------------------------------------------------------------------------- g9 — H (1-jet, 120 < pH < 200 GeV) 56¢, + 18¢3G + 11¢2G cu T
VBr topox Rest = 17 G Com gg — H (1-jet, pH > 200 GeV) 56¢/, + 52¢3G + 34c2G 1.
aq—Haq x B,. | VHtopo - 012 1% (5 105 T /g I
=200GeV e 095 1% (13 0% 99 — H (> 2-jet, pjf <60 GeV) 56¢, I
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' / T
v 050 e pos 24 o102 071 g9 — H (> 2-jet, 60 < pT < 120 GeV) 56¢; + 8¢3G + 7c2G CHW [ 107] | -
LHivxB T == 28 _101 (_085 -055 : 1 :
9a=Hy > Bz pY = 250 GeV == 191 2% (144 418 gg — H (> 2-jet, 120 < pT < 200 GeV) 560; + 23¢c3G + 18c2G E
----------------------------------------------------------------------------------------- / 1
<100 0o e 128 1ot 0% g9 — H (> 2-jet, pf > 200 GeV) 56¢; +90c3G + 68c2G P
99/4q—Hll x B,,|150 < p¥ <250 GeV Py 0.86 j}fg (f;fgg, jgf;g) g9 — H (> 2-jet VBF-like, p]T < 25 GeV) 560@ cWW-cB[107] ' |
pY = 250 GeV e——202 75 (15 05D g9 — H (> 2-jet VBF- hke p%f’ > 25 GeV) | 56¢), + 9c3G + 8¢2G o
(1TH + H) x B, i 144 535 (oo 059 | -
Il I Il ‘ Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il

LHCHXSWG-INT-2017-001

-2 0

Hays, Sanz, Zemaityte

2

Parameter value
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Differential cross sections

e Parameterise differential cross section in terms of

coupling modifiers - low pt1(H) region gives access to Kc

o CMS Projection 3000 fb™' (13 TeV)
g Ew/ YR18 syst. uncert. (S2)
) - Ac(p_ > 600) / 250
(2 (S Ao(p > 200) / 120
S - i
ol - Ao(p'! > 600) / 250
N 10—1 - 4
T S | Combinaion  I—
0O - ombination
% 102§ H-bb
< 10°° f_ boHow
- Y H-ZzZ
1074 = aMC@NLO, NNLOPS
- Ogm from CYRM-2017-002
10_5—|—III|IIII|IIII|IIII|IIIIIIIIIIIIIIII|IIII
& 1.5F
."(:) »
i) i
2 IR TR RN S A SEREET S A SRS SR ﬁ% A
IS B
.c-% O-5__IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
C 0 15 30 45 80 120 200 350 600 <
p (GeV)
T
6/10/20

P1.n)sM

arXiv:1606.09253 /
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ATLAS

FXPFRIMENT HF
CMS Projection 3000 fb" (13 TeV)

Vo

\

1.5
[ — Combinaton W/ YR18 syst. uncert. (S2)
r—H-—>2Z
Ly
L —H—yy
0.5
;,

lIlIIIIIIllI

* SM 2252 O

L

B(Ke, Kb)
1 l 1 1 1 I 1 1 1 l 1 1 1

11

llllllllll
S S R S B

Coupling-dependent BRs

4

(assumes no Biny, resolved loops)

Ke

-7 o

3000 fb' (13 TeV)

CMS Projection
— Combination
—H->7Z

—H—=yy

IIIIIIlllllllllllllllllllllll

I "a
N 4
IIIIIIIII‘

w/ YR18 syst. uncert. (S2)

* SM ---20 —1o B unconstr.
1 1 I 1 1 1 1 | 1 1 1 1 ] 1 1 1 1 I 1 1 1 1 I 1 1
=40 5 0 5 10
Floating BRs K¢

(i.e. constraint from "shape" only)
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@ CMS,
CA

Summary 7=

1]
i

Ii

”Illllll [
i)

il

]

J
S

e

¢

!‘mm
r'ﬁ Wl

will ramatically expand the physics reach for Hi 'ysis:l

e HL-LHC

- 2-4% precision on Higgs couplings
- Access to 2nd generation Yukawa couplings, with direct & indirect approaches for probing the |

il charm Yukawa
l - Limit on Biny < 2.5% @ 95% CL, combining CMS+ATLAS [see backup]

o Many inclusive measurements will be systematically limited = important work

L1

ahead on both theory and experimental sides ”

Ve



Backup
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Prospects for light quark couplings @) >

ATLAS =
EXPERIMENT A&\ |
e Exclusive decays to y+meson HL-LHC projection 2000 -

include contributions from light
qguark Yukawa couplings

[ global (95% cL)

[ direct search (95% L)
[ kinematic (95% CL)

B width (off-shell, 68% cL)
U width (int., 95% CL)

Bl cxclusive (95% CL)

e Interpretation of Higgs width
constraint (from direct
measurement or via off-shell)

e Interpretation of kinematic 1.4 % 10°
distributions
° for H—cc
2.9 x 10°
 Global fit of all Higgs couplings 100 100 102 10° 108 10°  10° 107

(assuming no other BSM decays) projected coupling limit

6/10/20 A. Gilbert (NWU)



Differential cross sections

@ CMS,

LAS =5

EXPERIMENT [\ \ ™

/

* Projection of H—=yy + H—=ZZ—4l differential cross section for pr(H)

CMS Projection

3000 fb' (13 TeV)

g 10 Ew/ YR18 syst. uncert. (S2)

() u Ao(p_': > 600) / 250
(\5 U T Ao(p_':>200) /120
'8_ - T Ao(p: > 600) / 250
N 10—1 - 4A®

Ir - = + c LT VA.

O i ombination
% 1072 E_ + H— bb biiiiis ™™ AGELLLEELEEEE
< 1073 f_ oo

= Y H-2zz A
107 aMC@NLO, NNLOPS
- o, from CYRM-2017-002 a4
10_5—o—||||||||||||||||||| |||||||||||||||| [ 1110
S 1.5
© -
O L
“5’_ L s --M---§--M-----{ri---§--§§-----é—§------¢}} % )
i) Z :
.(% 0'5__|||||||||||||||||||||||||||| |||||
o 0 15 30 45 80 120 200 350 '
p (Ge
T
6/10/20

8 | e e
2
z’ zE
o I
© e e
10— ATLAS Preliminary
—  Projection from Run 2 data
N : e e
~ {s=14 TeV, 3000 fb™
- H—-yy+H—=2ZZ -4l
— ) HL-LHC No Sys
[ ] HL-LHC Sys. + Stat.
I HL-LHC Scaled Sys. + Stat.
1 1 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
o 1.
I
o

o
© N

i ~10% for pr(H) >350 ¢3
1 GeV, statistically limited § Lo

A. Gilbert (NWU)

{ | 5-10%, systematically §
| limited \‘

17




> 10’ LI I L L I B I I I
i ATLAS ~+-Data —ggF x 100 3
< N
3 10 (s =13 TeV, 36.1 b [JDrell-Yan — VBF x 1004
§ [ Top —VHx 100 3
i . [JDiboson ]
10 =
1045— =
10° & ﬁ E
102%_ —L‘___I_l_'_'_?
E.u—l.— N e s T P TN SN =
€ a4 =
I ON2E —
© ettt et o = =
OB 3
06 o o o A S
110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]

6/10/20

Example: H= pp

* Search for narrow peak on smoothly falling Z/y*—puu

background

e Measurement sensitive to di-muon mass resolution

e ATLAS upgraded Inner Tracker improves resolution by

15-30%

e CMS upgraded tracker expected to give 40% improvement

0.050
0.045
0.040
0.035
0.030
0.025
0.020
0.015
0.010
0.005

o
o
=y
-

14 TeV, 200 PU

£

Y
LAS =

EXPERIMENT 7\\\\\ \ \\
Experiment ATLAS
Process Combination
Scenario S1 S2
Total uncertainty ﬂigﬁ iggﬁ
Statistical uncert. J_rggo) J_rggz
Experimental uncert. fg;ﬁ J_rggz
Theory uncer. fggﬁ figﬁ
Experiment CMS
Process Combination
Scenario S1 S2
Total uncertainty 13%  10%
Statistical uncert. 9% 9%
Experimental uncert. | 8% 2%
Theory uncer. 5% 3%

A. Gilbert (NWU)

[ 1 1 1 1 | 1 1 | :

-~ CMS Phase-2 Simulation E

f— barrel-barrel category B H-u*w, Phase-2 —E

[ mass resolution: 0.65% 3

— Gauss Fit, Phase-2 7

E_ —— - Gauss Fit, Run-1 _E

:ﬂ M l I 1 :

10 130 140
m,, [GeV]

. Reduction from
- 1.1% t0 0.65% for
§ muons in the barrel §
; region ;

18




Higgs width & mass @ \&MS

-~
EXPERIMENT &\ |\ \\

* |ndirect constraint from H—ZZ off-shell & direct constraint using gg—vyy

interference
ATL-PHYS-PUB-2013-014

3000 fb™' (13 TeV) ~ 5000
LIIII|IIII|IIII|IIII|IIII|IIIIL [ — . ) o
. CMS Projection CMS-FTR-18-011 | E{D) - ATLAS Slmul_1at|on Preliminary I, =200 x I'yj gy =0.81 GeV
N 4000 IL dt =3000 fb, Vs =14 TeV p, <30 GeV
15 | — w/ YR18 syst. uncert. (fai=o) ,"— \% — After background subtraction — e Data
! g L — Fit to data
: ----- w/ Run 2 syst. uncert. (fai=0) ] = 3000 — _ -~ Undisturbed H—syy
. --- w/ Stat. uncert. only (f =0) | N Y 4 S P AV AT A R Interference correction
10 \ a | 2000 - Corrected H—yy
- ) Nkl :
i 1000:i iaagan
_________________ - 4 § s N Ca R | [ R R [ R R
L1 | 200 SRy i e ~
03 5 3 4 5 6 - f10 115 120 125 130 135 m [Ge\%o
I, (MeV)

e Higgs mass: ultimate precision will depend strongly on the calibration of muons,
electrons & photons, but 10-20 MeV considered possible
- cf. CMS+ATLAS Run 1: my =125.09 £ 0.21(stat.) £ 0.11(syst.) GeV

6/10/20 A. Gilbert (NWU) 19



Invisible decays

e Current 95% observed (expected) upper limits on Biny:

@ CMS,

L p

EXPERIMENT [\ \ ™

PRL 122 (2019) 231801 EPJC79(2019) 421

- 26% (17%) - ATLAS combination of direct H—inv channels in Run 1 + Run 2

- 22% (17%) - CMS combination of direct H—inv channels + all visible channels in Run 2

e |n both experiments sensitivity dominated by the VBF channel

e Delphes-based study of CMS sensitivity in

HL-LHC

o Optimal selections: mj; > 2500 GeV,
Ermiss > 190 GeV = Binv< 3.8% @ 95% CL

e Theoretical uncertainty on W/Z ratio
important now (~12.5%), but less so with
larger control regions in = 300 fb-!

e Sensitivity not impacted too much if
Ermiss resolution degrades in high pileup

6/10/20

3000 fb' (14 TeVv
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Correlations

CMS Projection

3000 fb' (13 TeV)
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