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Introduction

» Precision is important

- Higgs boson is fundamental. We need best
knowledge on its properties

- Precision could be portal to new physics

. With LHC Run 2 data, ATLAS and CMS  ; e
have measured Higgs boson | z B T
width, and production cross-sections 3™
with yet a new level of precision - oy
Will focus on results released since Higgs 2022, but still cannot cover all updates 0-1'2 . O L 60
due to limited time. Sorry if your favorite topics are missing! m, [GeV]

Nature 607 (2022) 52
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/

ATLAS and CMS experiments at LHC
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+ At+Vs =13 TeV during LHC Run 2 (2015-2018), about 56000 Higgs
bosons were produced in every fb-1 of p-p collision data

Electromagnetic »
Calorimeter

» Only selecting 0(0.1%) for physics analyses due to various chorest et . i
challenges: trigger, reconstruction and identification inefficiency... . . _ . e il
| ] ] | ] | | |
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Measurement in H—yy channel
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» Categorization by detector region, y conversion type, and pr S 800  ATLAS -
: _ _ _ = 700F (s=13TeV, 140 fb™, H—yy =
improves total uncert. by 17% compared with inclusive case 3 600F 7 ow cttnat ot Ity

g 500 ;— [T New calibration, w/ linearity —;

» Reduction of syst uncertainty by factor of 4 compared with g 000 g :

. . . . > 200F
previous iteration based on partial Run 2 data S 100
GC) Oiﬁ ST F ZF ZF iﬁiﬁ%iﬁ S F T F & F £ F OZF %
- Improved photon energy scale calibration (and also E resolution) S 5 £ 3 5 53 2 85358 5 3 F
- Better constraint of ET dependent e —y extrapolation uncertainty s 3 f:3: T3 EogoB
s £ 8 S & 3 8 £ 89 15 g
using Z—ee data (“linearity fit”) 5§ 3 79 s § 998
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H—yy measurement results

H—yy, H—>ZZ*—4l

Run2 H—yy
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ATLAS —Total DStat. ISyst.
: Total Stat. Syst.
Run1H-yy . ——®——126.02 = 0.51 (x 0.43 = 0.27) GeV
ATLAS +CMSRun1 —@— 125.09 + 0.24 (+ 0.21+ 0.11) GeV

I
I
I
I
I
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type, different
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Measurement in H—ZZ*—4l channel
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» Beam-spot constraint in muon reconstruction + kinematic fit to Z-pole for on-shell
lepton-pair candidate (+15% improvement in precision)

N
III|I

 (Categorization based on per-event 41 mass resolution (+8%)

» 2D fit of m4 and matrix-element-based (MELA) discriminant (+4%)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html

H—ZZ*— 4] measurement results

CMS Prelimi CMS-PAS-HIG-21-019
SO » Measurement fully
Run 2: 138 ﬂi (13 TeV) . - Total Stat. Only .
Run 1: 5.1 fb™ (7 TeV) + 19.7 fb"" (8 TeV) Total (Stat. Only) drlven by data Stat
4 -i 124.905;5 (;,,) GeV uncertainty
4 —— 124.707;) () GeV .
) | + Main syst from
2e2y. —— 125.50 ¢ (..) GeV
° muon momentum
2u2e —— 125.207,; (') GeV
| | and electron energy
Run 2 ot 125.047; () GeV ..
o scale uncertainties
Run 1 —— 125.60,; (")) GeV
Run 1 + Run 2 i 125.08%, (,,,) GeV ) AnaIySIS validated
I I | I I I | I I I | I I I | I I I | With Z_}4I fit aS WeII
122 124 126 128 130 as 1 D M flt
Most precise single-channel measurement! m, (GeV) H
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html

Combining yy and 4|, Run 1 and Run 2

| | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

ATLAS e Total Stat. [[]Syst. | Combination SySt source

Run1i: /s=7-8TeV,25fb~!, Run2: \/s =13 TeV, 140 fb—!

Total Stat.  Syst. - -

Run1 H — vy F——o——1 126.02 +0.51 (+0.43 + 0.27) GeV Z —ee cal : bratlon

Run1H -4 F—e—] 124.51 + 0.52 (+ 0.52 + 0.04) GeV Er-dep. e energy scale

Run2 H — vy e 125.17 + 0.14 ( 0.11 + 0.09) GeV H—}Yv signa|-bkg interference
Run2g-4«  Fed 124.99 £ 0.19 ( 0.18 = 0.04) GeV y lateral shower shape

Run 142 H — vy e 125.22 + 0.14 (£ 0.11 + 0.09) GeV : I_
Rt - 124,94 50.18 (3 0.17 £ 0.03) GeV y conversion modeling

Run 1 Combined F—— 125.38 + 0.41 (+ 0.37 + 0.18) GeV e/y energy resolution
_Run2Combined | et 12510+ 011 (= 0.09 + 0.07) GeV H—vyy background modeling

Run 1+2 Combined e 125.11 + 0.11 (+ 0.09 + 0.06) GeV |V|u0n momentum Scale

I123I | | I124I | | I125I | | 126I | | I127I | | I128I | | |

my [GeV]

18% compatibility among input measurements

arXiv:2308.04775 (accepted by PRL)

» Uncorrelate signal rates (yy vs. 4l, Runi1 vs. Run 2) to reduce model dependence

- The most precise measurement of my (0.09%) up to date

« ATLAS+CMS combination under preparation: will provide best mn for experiment & theory
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html

Off-shell measurements

CMS Simulation 13 TeV
T 04 I I I | I I I I [ g 20__l 1 | R | |||||||||||| | l()lbl |S| 11 II | T I__ g Z
JE 99—>212v (I=e, ) I= - ATLAS - Oszs;&:' e ZoIoTe10)
10 — SM H signal (HP) N 18EHr - 27 — akdivy — ExpSatony - A
10° £ _ 16513 Tev, 139 b — Exp-Sys - .
’>-\ 10 ;_ SM contin. (‘C|2) _; 145 Obs-Stat. only: 1.1i8'§ Exp-Stat. only: 1.0tg'§ : \Q%_QQ_/ ( : . )2 T .
) = o o = — Obs-Sys: 1.1tg:; | Exp-Sys: 1-0i3j§ | B =11l gy gMy
Q_i_? | OJE SM total (J[H+CJ]?) % 12% / / E
& o2k : 10] E Destructive
_g w 0_3; E 8 - Interference
_8 107 : _ - Y /e 2 G_E g A
1 0_5 ';:_ 72Y o TR —
l 0_6 2 __________________ 10
_E Nat. Phys. 18 (2022) 1329 XN g 0
T O O | - ' . NN AN AN AN AN RN BN AR
] l 0 05 1 15 2 25 3 35 4
100 200 300 500 1000 2000 q 7
My, (GeV) PLB 846 (2023) 138223 MOff.sheu

- Evidence for off-shell production has been claimed by both ATLAS and CMS

» By assuming identical coupling between on-shell and off-shell productions:
r(H) = (Hoff-shelllllon-shell)rSM(H)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-013/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-32/

Updated measurement in H—=ZZ*—4l channel

138 fb™' (13 TeV) CMS Preliminary 138 fb' (13 TeV) CMS _Preliminary 138 fb' (13 TeV)
| L B S AN B B S e e R
90 Untagged 20— d B l l
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. Study off-shell (m4 > 220 GeV) production in VBF-tagged, r'(H) [MeV]
: ATLAS 4|+l 2.6
VH-tagged, and untagged regions P 4.677;
_ _ _ CMS 4i+llvv 3 2+2.4
» Measured I'(H) consistent with SM. Consistent ggF and Co17
: 2.3
VBF+VH off-shell signal strengths Updated CMS 4. 2.9+
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Inclusive production cross-sections

2
o 10% - ATLAS Vs =13 TeV, 36.1 - 139 fb™
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= All major production ~ 's
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Nature 607 (2022) 52 Production process © O ©

u=1.05=x0.06=1.05=x0.03(stat.) = 0.03(exp.) = 0.02(bkg. th.) = 0.04(sig. th.)
pu=1.002 £ 0.057 = 1.002 = 0.029(stat.) £ 0.033(syst.) = 0.036(sig. th.)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/

Production cross-section times decay BR

ATLA S Run D e Data (Total uncertainty) Syst. uncertainty
-5 0 5
I I I I I I I I I I I| I I I I I I
" l 1% I-%-I I—l—@—I
I | I I | I
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qQF+bbH . . ’ #
VBF ?I é II-E—I .
WH I@I 'I—%—I ’—E—I e
<H I |$| I I I I I ‘ I ‘ I I I ‘ I I I I I
0 1 2 1 2 3 4 0 1 2 1 2 3 0 1 2 O 1 2 3 4
bb Ww TT 4 YV Uy
Nature 607 (2022) 52 ¢ X B normalized to SM prediction

» Interesting combination of production & decay still to be explored: see our joker talk!

Hongtao Yang (USTC) Nov 27, 2023, Higgs 2023 15


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/

Dive into phase-space sensitive to BSM

* |nclusive measurements are not
enough: go differential to

validate SM & probe potential "
new physics! = e S R et 15 R T3
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Syst. uncertainty
=== SM prediction

widely implemented in LHC 2] & e ] B
Higgs “coupling” analyses | S 1 i = 1

* Run 2 LHC measurements e, oo e e
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features exploring high pt(H) Py 1 Tl s e
regime etc. that are sensitive to .| T-I- . = - r 'T'T I 5

1000 —F
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i : 10° 3 —-,——_§ of = - 250 —;—
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Dive into phase-space sensitive to BSM

CMS Preliminary 138 b (13 TeV)

» |nclusive measurements are not ] | T
enough: go differential to e
validate SM & probe potential 0,60[| +——m — 023 o0 e

new physics!

» The Simplified Template XS

135 +1.00 +0.91
[60, 120] H—1 0.06 jr1.39 -1.00 jr0.96

(STXS) framework has been 120, 2001 g 14 1095 089 4065
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Higgs “coupling” analyses i . 065 +

J9 PINg y 200, 300] e 019 D5 Do e

 Run 2 LHC measurements :
features exploring high pt(H) [300, oo | a1 -1.20 A
regime etc. that are sensitive to — T
new bhvsics effects CMS-PAS-HIG-19-011 ~ A
Pry More in Chris Palmer’s talk M=O/Os|\/|
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-011/index.html

Boosted ggF/VBF, H—bb

138 fb' (13 TeV) 138 b (13 TeV)
45

CMS Preliminary 138 b (13 TeV)

- CMs Preliminary e Data [7]Bkg. Unc. — CMS Preliminary

iso—— . . T T
— DDB pass, ggF category [ ]JQCD [ W

160— 800 <p_ <1200 GeV [Z(aq) Z(bb)

B tt []Single t
VvV  []Bkg. H
.--ggF —VBF 30

e Data | |Bkg. Unc.
DDB pass, VBF category [ ]JQCD [ W

m; >2 TeV [JZ(qa) EAZ(bb)

B tt [ Single t
Cjvv [ ]1Bkg. H
---ggF —VBF

40— DDBpass, VBFcategory @&  [Qco ™MW | ¢ ©<4Vv oo oot g

800 <p_ < 1200 GeV =l | e Perbinit
T G Combined fit

«e SM expectation

Events / 7 GeV
Events / 7 GeV

35

675 < p_ < 800 GeV | —

ggF category

[
f
—
(&)

—
o
||||||||IIII|IIII|IIII|IIII|

600 < p_< 675 GeV [ —

[MET T | [T | [T T O

550 < p_< 600 GeV | _

—h

o
o UL

of} -+ L e, 500 <p_ <550 GeV | —

|
| 9
—_

(Data - Bkg)/op,,,
(Data - Bkg)/op,,,

N O1

60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200
mgp [GeV] mgp [GeV]

450 <p_<500 GeV | 'uggF I

» Use boosted H(bb) reconstructed as 0505 0 s
large-R jet to explore TeV-scale pt(H)
and mjj regimes

m; > 2000 GeV [—

1000 <m, <2000 GeV _ 5 .O+2‘1

VBF category

B A
1.2 (0.9) 3.0 (0.9) CMS-PAS-HIG-21-020 Ver
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-020/

Boosted VH—qqgbb

¢ VH, H _>bb traditiOna”y E 600:' ATLAS Preliminary VH — qgbb ¢ data B VH OtherHiggs
10 - Vs =13TeV, 137 fo Post-fit V+je-’fs W | top
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» In boosted regime, can 200

look into V(qqg) channel toof

by reconstructing both H . o-— — e Oi%H
and V as large-R jets : 283#%1-@@ it o o J ﬁm
o LA e %#H.l |
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-067/

Conclusions

CMS

 With Run 1+2 data, we have 20f | C H—yy ~ H—bb -
1.5 108 1os -
- 0.09% precision on Higgs boson mass N 1.o§—---|- --------- oot |* --------- ¢ I -
0.5F ¢ N =

- ~50% precision on My from off-shell 0.0¢
-0.5F | | | | | . E
- ~10% precision on production cross-sections 206 H—2z2Z  How -
15F S
* Run 3 ongoing: will hopetully triple the stats ~ _ 1.0;—---+ --------- N R e NE
055 s |2
- Perfect time to explore new ideas! 0.0F \
~0.5F | | | | | | s
» %20 larger Higgs boson sample at HL-LHC. 20f | H—-WwW CoH—w S
Will hopefully improve precision by ~5 ) :i_l _________ N ::"l"" _________________________ + ________ -
ETT . . : 0.52— ! : E
Higgs boson precision measurements will ool _
guide the future of our field 0sF | | ., | -

- We always do better than expected. Stay tuned!
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Higgs boson productions ATLAS vs. CMS
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Higgs boson decays ATLAS vs. CMS
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Prodxdecay ATLAS vs. CMS

CMS 138 b (13 TeV)
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Coupling strength tests

CMS 138 fb™' (13 TeV)
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Ratios of coupling strengths
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Determine relative sigh between kKw and Kz
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ATLAS-CONF-2023-057
Awz = Kw/Kz IS an important validation for custodial symmetry

» For the first time, the sign of Awz is determined to be consistent
with SM with WH—Ivbb counting analysis in VBF topology

Negative sign of Awz excluded by >80
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