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Mass measurement

~ | L I |
o 2 68% and 95% CL contours i M oomD: ey
u n al I len a ree paral I le ( ; r O 9 —  80.5 W Fitw/o M,, and m_measurements 1 - 6= 0.46 GeV K
E; Fit w/o M,,, m and M, measurements |1}l — © = 0.46 ©0.50,,,, GEV

Direct MW and m, measurements

||r||||| ||||‘T

important for validation of SM

(o)

o
. £

(8
II|IIII|IIII|III

N

consistency, understanding vacuum 5058 -
ngn 80.3:—
stability etc. I
80.25 ;_%\ j/,%«g’@ N\Y\//\@6 S \;@Q W Y(Q?q fitter|su z:
1404 - |150| — |1é0| - L/17|0h| | |18|0| - |19|0|

- Mainly an experimental effort: “final . [GoV
exam” of detector performance (e/y/pn) . "

— -~ 1% 1
-~ Meta=stability - -~ -

175 & —

- Theory inputs (e.g. interference
between Higgs boson and continuum) | :
aISO |mp0rtant| 115 120 125 130 1—35

Hongtao Yang (USTC) Dec 20, 2024, Higgs Potential 2024 3

b -
— = -
c- -
- -
= -
’, - -
- -
1 O -
-
-
-

Pole top mass M; in GeV




Mass measurement: H—vyy
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EGAM-2021-02/

Mass measurement: H—ZZ*—4l
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-019/index.html

Mass measurement: combination
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PRL 131 (2023) 251802

» ATLAS reach 0.09% precision with Run 2. Waiting for CMS H—=vyy
to start LHC combination of Run 2 + Run 1 data

: : : Current most precise
- Will provide input my value for Run 3 & HL-LHC measurement
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-20/

Width measurement
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. SM Higgs width ~4 MeV (z ~ 107%% s). Cannot be constrained by line-shape
(~1 GeV) or flight distance (~10 um) measurements at LHC experiments

» Exploit off-shell production in H—ZZ/WW/tt to indirectly constrain the width
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-019/index.html

Width measurement: H—=>ZZ-llll/llvv

IIII+IIvv Off-shell
[MeV] [significance

ATLAS 4 3t 3.70

Overview: Neural Simulation-Based Inference

Full test statistic function with nuisance parameters a:
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-14/
https://indico.cern.ch/event/1391236/contributions/5945055/attachments/2959923/5206886/ATL-COM-PHYS-2024-930-2.pdf
https://indico.cern.ch/event/1391236/contributions/5945055/attachments/2959923/5206886/ATL-COM-PHYS-2024-930-2.pdf

Width measurement: ttH + tttt

» H—ZZ channel sensitivity mainly from ggF
- |f the H-g coupling running is different than SM, the result is invalid

- ttH + tttt channel relies on tree-level H-t Yukawa coupling x,
- I'; <450 MeV obs. (75 MeV exp.) using only on-shell ttH to constrain «,
- ', < 160 MeV obs. (55 MeV exp.) with indirect constraint from ggF/H—y

3 N
=== | O Prediction (a =0) - —— 68% CL i
- u SV IRRREERREE 95% CL
_ 3 -
3 :
1.5 — —
I T 1 7"‘5(”‘ L. —
0.0 0.5 1.0 1.5 2.0 - LT (s=13TeV,36.1- 140 b -
Kt et -+ Best fit X SM
0.5 .1 ] ] —]
4-top rate dependence on K, 1 0 0
Q-H Cao et al, PRD 99 113003 arXiv:2407.10631 Wy
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-22/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.113003

J Vb

ggkF (87%) VBF (7%) VH (4%) ttH/bbH (2%)

Cross-section measurements
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html

* Need to go differential to ATLAS Run 2 992 H
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/

| | | | | | | CMS 138 fo' (13 TeV)
ATLAS lef Total Unc. mm Syst. only Stat. only SM + Theory | ~ | |
VS = 13TeV, 140fb~", my=125.09Gev Total  (Stat. Syst.) : Wt st syt
He0,60)Gev | b 125 00 02 0% pici060[(GeV)| w040 JE 1 1
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arXiv:2407.10904 O/ O arxXiv:2407.10896 "~ ""sw

» ATLAS achieves x2 better sensitivity compared with
previous analysis based on the same dataset

- Better b-tagging algorithm, better tt+HF modeling (no
longer leading syst.) , NN for Higgs boson reconstruction

olog\y = 0.81 = 0.11(stat.)* ) i(syst.)

u=0.33x0.17(stat.) = 0.21(syst.)

4.6 5.4

Hongtao Yang (USTC) Dec 20, 2024, Higgs Potential 2024

STXS measurement: ttH, H—bb

Pre-fit impact:

0=0+A0 06=0-A0
Post-fit impact:
0=0+A01 06=0-A0

—— Nuis. Param. Pull
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A,,, ttH STXS theory unc.
b-tag EV 5 b-jets

ft + 1b scale u_
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tt+=1c hdamp

A,,, ttH STXS theory unc.
tt + = 2b scale u

tW diagram subtraction
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b-tag EV 4 b-jets

Z + jets XS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-24/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-011/index.html

STXS measurement: boosted H—bb

CMS H(bb) STXS stage 1.2 138 fb™' (13 TeV)
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» Use boosted H—bb to probe very high
pt regime that is sensitive to BSM physics

Resolved Boosted
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-020/index.html

STXS/diff. XS measurement: H— 1T
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Diff. XS measurement: full phase-space combination

CMS Preliminary 138 fb~1 (13 TeV) CMS Preliminary
T |
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» Use DNN to separate ttH/tH signal from background (at inevitable cost
of model dependence)

» Measurement still imited by statistics
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Diff. XS measurement: Run 3 measurements

* Run 3 @13.6 TeV goes well. Dataset already larger than Run 2

- Wil hopefully reach ~250 fb-1 by Summer 2026: x3 stats

» First Higgs boson measurements based on 2022 data done by
both ATLAS and CMS
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Conclusions

- With Run 2 data (+ Run 1), we have z_ogMS T Ry S (Zﬁi?)bﬁ" -
- 0.09% precision on Higgs boson mass _ i* _________ b e 1:|| * _________ ‘ I
05F i BE

- ~50% precision on [ from off-shell Zz :
- ~10% precision on production xs f’o_ T hoz T How _
» First Run 3 results available - °+ --------- b ,|+ --------- ; |
- X20 larger Higgs boson sample at ok \
HL-LHC: improve precision by ~5 fz - SCETE

- Higgs boson precision . ;ﬁ{ """"" § *"-ﬁ:"l"" ------------------------- + -------- =
measurements at LHC & beyond 22

will decide the future of our field
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Measurement in H—yy channel
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~ E_ s=13TeV, 140 fb" === Background _E 0.18f Vs=13TeV O Me T Senaliodel 3 Cop =
%14002_ H— vy —— Signal + Background ch 0.162— Heyy,mH=125 GeV C-type, Endcap —i 5 i <0.6 _g
g 1200 . All categories —; \} 0.14 A MC == Signal Model = 1 _g
S 1000 ;— In(1+ S3°/Boc’) weighted sum _; g 0.12 ;_ _; 0 E
D goo. 0 e E % 0.08F = -1 =
- . = 0.06 ;_ _; -2 Pre-fit calibration model _;
400:_ B = 0.04E 3 _3 === Post-fit calibration model =
T T oo I S LN
0S40 "720 130 140 150 160 0% 124 126 2" B T T VR T Iy T~
PLB 847 (2023) 138315 m,, [GeV] A m,, [GeV] JINST 19 (2024) P02009 E; [GeV]

T b !

» Categorization by detector region, y conversion type, and pr S 800r  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 —i
: : - 400F =
- Reduction of syst uncertainty by factor of 4 compared with § 300k WL E
. . . . 200¢
previous iteration based on partial Run 2 data 5 10
GC) Oiﬁ T F T F £ F iﬁiﬁ%?ﬁ T F T F T F T F & F %
- Improved photon energy scale calibration (and also E resolution) S 5 £ 3 5 53 2 85358 5 3 F
- Better constraint of ET dependent ey extrapolation uncertainty : 8 3 & £ 3 5% 5 ; :
s ¢80 5 3 &8 F 89S 15 g
using Z—ee data (“linearity fit”) 5§ 3 79 s § 998
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138 fb' (13 TeV)
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Production cross-section times decay BR

ATLA S Run D e Data (Total uncertainty) Syst. uncertainty I SM prediction
-5 0 5 10
I I I I I I I I I I I I I I I I I
tH s
e 4 HEsZH H—— —L——
ttH 1 o
ggF+bbH ° ° )
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VBF . nm .
WH e o —&—
HeH H—
ZH = e
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 WWw TT 77 Yy Hu
Nature 607 (2022) 52 ¢ X B normalized to SM prediction

» Interesting combination of production & decay still to be explored: see our joker talk!
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Higgs boson decays ATLAS vs. CMS
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Prodxdecay ATLAS vs. CMS
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138 fb™' (13 TeV)
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Ratios of coupling strengths
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Azyz i | T i » LHC experiments cannot directly constrain
Aoz | B _ Higgs boson total width. Ratios are what we
Az ———— could measure best @LHC!
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68% CL interval _ _
3rd vs. 2nd generation Yukawa couplings
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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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