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%+ The Higgs patrticle is responsible for the masses
of elementary particles, while was the missing

Higgs particle

corner stone of the SM before LHC.

<+ Great effects of both the theoretical and

experimental HEP Higgs community before LHC
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LHC Timely Discovery

f““;‘\\ """ .+ Summer 2011: EPS and Lepton-Photon
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Higgs production and decay @ LHC

Run-1 Run-2 Run-2/1
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Panorama of Higgs analysis

Channel ggF q VBF q q VH y g mm;tL
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J ready @run1, but no yet @ run2,

still on the way




Higgs Mass

> L B B B e CMS 35.9 fo! (13 TeV)
(0] : ‘ Data ATLAS: > _IIIIIIIIIIIIIII |||||||||||| IIIIIIIIIIIIIIIIIIII_
(2 600 ...... Background 4 o 70: e Data ]
a - —— Signal + Background Vs =13TeV,36.1fb" 3 ) L H(125
S - —— Signal In(1+S/B) weighted sum AN 601 [ ,( ) ]
S 500F i < 60F [ q9—2ZZ, Zy* ]
il 2 W 9972, Zy*
w - -
300
200
100
§ 20
’j 10
:gJ ; - - o
: o Compatible with 12.3%
w10 %0 80 90 100 110 120 130 140 150 160 170

m,, (GeV)
T T | T T T T | T T T T | T T T T | T T T T | T T T T I 4
ATLAS PHTOt Stat- Only , k' J 8 CMS T T\ T T 1T T \3\5.\9 f\b\ \(1F3‘-|\—e\\/\)\
. n - H
Run 1: s = 7-8 TeV, 25 fb™", Run 2: s = 13 TeV, 36.1 fb”' Total  (Stat. only) 3D: ‘C(mdt' D:llass’Dbkg £ - '
Run 1 H—4l 124,51+ 0.52 (+0.52) GeV I I < 7r
un1H- +0.52(£052) Ge With Z-constraint o '}
Run1H-yy 126.02 £ 0.51 ( £ 0.43) GeV ' 6F
s Run 2 H—4l 124.79 +0.37 ( £ 0.36) GeV - %
. Run 2 H—yy 124.93 £ 0.40 (£ 0.21) GeV CMS: 125'26i0'2l(ﬂ:O’ZOiO’OS&Ge‘/’.‘
Run 142 H—4[ —— 124.71+0.30 ( + 0.30) GeV V| N N T I Y A
Run 142 H—yy 1 125.32 +0.35 ( + 0.19) GeV S
------------------------------------------------------------------------------------- 3 — 2624
Run 1Combined —e—h 125.38 £ 0.41 ( +0.37) GeV 4
Run 2 Combined -—O_I—- 124.86 £ 0.27 (£ 0.18) GeV 2;* —— Combined
Run 1+2 Combined == 124.97 +0.24 (£ 0.16) GeV ’a o Compined (stat ony)\ -\ (YA ]
ATLAS + CMS Run 1 —— 125.00 + 0.24 (+0.21) GeV - 1
07\\\\‘\\\\‘\\\\\\\\ 1 \\\\\\\7
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
120 121 122 123 124 125 126 127
123 124 125 126 127 128 THEP 11(2017)047 m,, (GeV)
HIGG-2016-33 m,, [GeV]

¢ Precise measurement with excellent detector performance : o(mn)/mu ~ 0.17%.
@ Single experiments are better/comparable w.r.t. ATLAS+CMS Run-1 combination

@ Still dominated by statistical uncertainties, uncertainty on coupling ~ 0.5% 5



Mass Measurement: Applications
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4+ More precise measurements become sensitive to other
particles /NP in the loops

4+ More stringent requirement for the theoretical calculations.



Higgs Width

It is impossible to extract the coupling and Higgs width separately from
on-shell cross section measurement — Importance of I' 4 measurement.
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Run-1 direct Higgs width measurement: S
o [ wow | wom
. ATLAS | 5.0(62) GeV | 2.6 (6.2) GeV
CMS 2.4 (3.1) GeV | 3.4 (2.8) GeV
Latest CMS: 1.1 (1.6) GeV |
3 orders of magnitude larger than SM width 1 N .
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Indirect Higgs Width Measurement
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< With the combination between on-shell and off-shell analyses:
+ Assuming the on-shell couplings are the same as the off-shell couplings

+ Assuming NP modifying off-shell coupling without the modification of other
K background and signal expectation. j
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- Extract the Higgs width with the mass shift from the interference of the
H—vyy w.r.t the continuum background (gg—vyy box diagrams) 9



Comprehensive Measurements (@ Run2

Higgs coupling H—bb observation

Significance:
5.40 observed
(5.50 expected)

Complteoiiscovery /\
j New: *

H—bb,ttH,VH

—>'y’y/ 17/W

Combination
ethodology

H—up/Zy/ iny*

ttH observation

CMS
Run-1+Run-2:5.20 (4.20 exp.)

5.30 observed

H ti
M({SG expected)




Observation of H—bb
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Observation of H—bb

—
N
o
o

L B L L L L L L L L L L L L L L

9 rT T T [T T T T [T T T T [T T T T [T T T T [T T T T[T T T T [TTTJ]
10 -o- Data

> 10
| . . D t a Al ’\. T | LI | LI | LI | LI | LI | LI | LI | |
5 _ ATLAS Preliminary o VH > Vbb (u=1.16) ] o ATLAS Preliminar VH — Vbb (u=1.1 o - ATLAS Preliminary -e— Data .
o s 4 m Diboson ~ 108 y - (1=1.16) > 18 VH — Vbb (1=1.06) —]
N - Vs=13TeV,79.81b & 7 f2] Vs=13TeV, 79.8 fb™ i Diboson 7] - {s=13TeV,79.8fb" - Dib u=t- ]
; 1000 | 0lepton, 2 jets, 2 b-tags mm Single top ] % 107 tt =1 6 T 0+1+2 leptons U:‘I(?esl'::;nt T
£ L oV 2 150 Gev p— ] > 0+1+2 leptons mu Single top o - i N y :
S P, ttb ] ; ~ 2+3 jets, 2 b-tags
> = B mmZ . 7 ar 6 2+3 jets, 2 b-tags Multijet S 14 E Jots, : ) .
w 800— £ Uncertainty — 10 mz a - Weighted by Higgs S/B Dijet mass analysis
..... Pre-fit backgroun,_d = ° mw 0 -
- — SM VH — Vbb x5~ - Slngle top 10° > 120 =
600— - Q A (] = ]
B < - .
C i +1 D af 3 6 =
100 _’W jets s 8f .00 -
- o 7Z+jets =
200(- >
Q)
o
h
15 % s o E ~ Opss N
A C i L - (D - ) -
a s i) C ]
a 1; \_@ 0: e A G GC.)_2_I|IIIIIII|IIIIIIIlIIIlIIIIIIIlIIIlI_
E 0'5 = 3 :\ L1 1 ‘ Il \T*_‘ ) - ‘ L1 11 ‘ L1 1 1 ‘ L1 1 ‘ L1 1 ‘ L1 1 \: > 40 60 80 100 120 140 160 180 200
= 0 50 100 150 200 250 300 350 400 450 500 & 35 3 25 -2 -5 -1 -05 0 0.5 L
My, [GeV] 109,,(S/B) - m,, [GeV]

¢ More precise measurements in future?

+ Differential / Fiducial cross section measurement (limited
by the sensitivity)

+ Branch ratio measurement for H—=bb

+ Heavy resonance search in ZH channel
12



ttH Discovery
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More study in ttH
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Higgs Measurement Methodology

f Run 1-style coupling h

measurements:
u, kappa

-

~ )
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cross sections
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Signal strength

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII I I I
ATLAS Preliminary e+ Total Stat. B Syst. — SM OgqF ATLAS Preliminary
(s=13TeV, 36.1 - 79.8 fb" — (s=13TeV, 36.1-79.8 fb"
m, = 125.09 GeV, ly | <25 ~9% precision m,, =125.09 GeV, ly | <25 |
Stat.  Syst. GVBF -0.14
aoF o 107+ 0% (+ 8%+ 07 B
e = 1212 82 (x 28 % 38 Own | 007
wH HE——— 157503 (203,203 I
Oy 0.02
ZH == 0.74+ 535 (£ 0% . % 05 ) |
ttH + tH i===1 122+ 0% (£ 017 .+ o%) Ot + tH 0.07
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII _1
05 0 05 1 15 2 25 3 35 4 s 5 N z
Cross-section normalized to SM value © © © =
+0.09 °
/’[:1‘13—008 = [ [T RERERRERS RASERRRRssusss
. S oo ATLA Prellmlnary ~H->2Z —
= 1.13 +£0.05 (stat.) + 0.05 (exp.) +8 82 (sig. th.) 5 " Vs=13TeV,36.1-79.8 fb" “Howm :
© - my,=125.09 GeV, IyHI <25 —H > 1 i
Observe all main production modes. 15} =
Significance | ATLAS+CMS ATLAS . ]
obs (exp.) : 108 g
' Run-| (single exp) N .
5L N
VBF | 5.40 (4.60) | 6.50 (5.30) : ;
sk 0:_ —68%CL  ---95% CL 4 BestFit mSM _:
VH 3.50(420-) 5.30'(480') I T P T T D P ST
O 10 20 30 40 50 60 70 80 90 100
Oyqr [PD]
ttH 4.40 (2.00) | 5.80 (5.30) 16




k-framework

<+ Assumptions:
- Single state, spin 0 and CP-even. .
.. O
- Narrow-width approximation: (¢ -BR) (@ — H = ff) = ?ﬁ

<+ Methodology: parametrize deviations with coupling scale factors {xx}

(| A fH T YYD
At > — H (Vs - —>—<n
2 v ANANAN, T
\_

000000 K
Lg 8 J J
2 2
Kg2 = 1.042K2 + 0.002K,? - 0.040K;Kp, - 0005k, + 0.0005Kp K, + 0.00002k,? K, X l.6xk,, —-0.7xK K, +0.1xK;
MLL 2 5_I L L L B B LRI L L L L Y LB B I_ g— :l T |A|1-|LXS| |Plre||;nl]l|nlalr LI I L I |B|e|S|t|f|It| T |:
L ATLAS Preliminary + Bestfit 1.3 y ) e ]
- {513 TeV, 36.1 - 7.8 fb" —_68% CL - Vs=13TeV, 36.1-79.81b —68% CL T
- m,, =125.09 GeV, ly | <25 ----95% CL i - my,=125.09GeV, ly |1<2.5 ----95% CL 7
2 i + SM - 1.2~ * SM —
E . N - 0.06
N i - - K, = 1.057
: ky = HO6 o0l b g = 1P-0.06
s 0.04 Tt +0.07
i i n Kk, = 1.007
- o — F.05%0-09 - y = 1-YV_0.06
£ ) [F = 1Y2-0.09 = -
E — Combined — H—yy : E - y 1
0.5 T oW ] 0.9 e T .
N H—bb —H-o1r i e L T L e -
T T T T e T e | |_ 0.8_| po v v v v by v v by b by |_
O 02 04 06 08 1 12 14 16 1.8 2 09 095 1 105 11 115 1.2 125 1.3

K Kg 17



k-framework
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Good agreement with the SM prediction
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Fiducial and differential cross section

1.8~ ATLAS Simulation Preliminary
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Cross section combination between H—yy and H—->ZZ*

H—yy data signal n

unfolding, c; L

H—yy fiducial fid U
particle level

eX t r a p O/ a t / On y | Lepton selection
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,i !! Lepton pairing h
Leading pair: SFOS lepton pair with “
smallest [mz — meg| ‘
Subleading pair: Remaining SFOS

Photon selection
Kinematic: Et >25GeV, || <237
Isolation: ES° <14 GeV

Event selection

Two photons

Cut on invariant mass  m,, € [105, 160)
Leading photon pr/my, >0.35
Subleading photon pr/my, >0.25

lepton pair with
smallest [mz — meg|

Lepton kinematics:
Mass requirements:

Lepton separation:

Iy veto:

Event selection

pr > 20,15,10 GeV

50 < myy < 106 GeV

12 < m3q4 < 115 GeV
AR(t;, ;) > 0.1 (0.2)

for same- (different-)
flavour leptons

m(t;, €;) > 5 GeV

for all SFOS lepton pairs

- Mass window:

118 < myge < 129 GeV
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Fiducial and Differential cross section measurement

< Measurement designed as model independent as possible.
+ Direct comparison with theoretical predictions at particle level.

<+ A wide and diverse range of physical phenomena to be probed:

+ Higgs boson kinematics, Jet activity, VBF-sensitive variables, Spin-CP sensitive variables

 Differential X-sections (20 variables):

EPS variable

* Higgs kinematic: pryy vl | pTt

« Jet activity Njets  prj1 : Njers_so Hrjer i) priz 3| pis il o Y5
* VBF - sensitive variables : AQyyjj mjj Ayjj - PTHjj

* Spin - CP variables kcosﬁ* Agijj Y . Ayyy )

2D variables: pry < Njers pry < cosO*
* Fiducial X-sections:

« 1-/2-/3-jet and inclusive regions

 Inclusive 1-lepton / MET / VBF / VH enriched regions
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Cross Section Measurement

__ CMms 35.9fb" (13 TeV) _. - e
> - H— Yy % 0.12|— ATLAS Preliminary ¢ Data ] s ' ATLAS Preliminary H—yy, Vs =13TeV, 79.8b™]
8 B HX = VBF + VH + ttH aMC@NLO (D B H— ZZ* — 4] |:| Syst. uncertainties 7] % _+_ Data, tot. unc. Syst. unci
= 10 | —¢— Data, stat @ syst unc. > L 13 TeV, 79.8 fb™ I MGS5 FxFx K = 1.47, +XH _ =,
é E . Systematic uncertainty WQQH @MC@NLO, NNLOPS + HX bl 0.1 NNLOPS K = 1.1, +XH ] ol 1 . gg—H default MC + XH 7
- - L a0 Gev. 1 <25 7/ 9gH aMC@NLO + HX 3 55555 XH = VBFsWHIZHsttHsbbH cl B NNLOUET®SCET + XH '
>y - Py >a0cen < %% ggH POWHEG + HX o 0.08 Total stat. © syst. uncertainty I S5l XH = VBF+VH+ttH+bbH
S.g TE Oy (H—r) from CYRM-17-002 S} p-value NNLOPS =7.8% 7 3
= = @) p-value MG5 FxFx =9.4% - 10°'E
® - e J_ S 006 —
< N e o, (p,>200 GeV)/80 : &7 F
10 _ e I S o
- T 0.04 o] )
- — ? = z It
| 444 + I - u); | 10_2 _:
— A : N— 1
102 0.02 + |+ ; 8 ;
- ! e e, © 1
I L1 e— S N R ob-= Y Foirs ) P tasress S Lo Pt o WP o | [ nn(Lnn o | Eeer———
50 100 150 200 250 300 ' ' ' I z T ST
c E -ES' -
-9 4 T F Y Do B L I T T 15 | P +
§ SE[CMS-H|G-17-025]. B S i S .
q’é— 21;_ ..... “‘l,_k.:’_ AAAAAAAAAAA N ............ “” ....................................... "' ........ G 8 | | — I.I _____ I __________________ I ___________ I ______________ . E
je 3 ’ <
-g o; .......................................... % ................................................... l_ 0.5_.-I I I I I I II.I II.I ] :g *IIIIIIIIIIIIIIIIIIIIIIIIIIIIITIIII
E -1 '—50 """"""""" 100 """"""""" 150 """"""""" 200250 """"""""" 3 OO 0 10 15 20 30 45 60 80 120 200 350 1000 -(% 0o 50 100 150 200 250 300 350
. [GeV] - P [GeV]
J; T4l T
p: (GeV)
. - y ' 1
: 5 variables: p]" N My 1A@;l py
EFT approach with differential cross sections H = y1, 15 = 13 TeV, 36.1 15", m_ 125,09 GeV
| ' T ' ' T ' I
SM NP z ot :
w 04 ATLAS -
. Cq 02 - Cus = Chpw .
¥ QT H “L Cup =Chuw / 0 .
- X ’( -
L= CYO + CgO + cgwOpnpw + cgpOHB i KJ ]
+ 6707 + CgO + CHWOHW + CHBOHBa —021 B
i 5 68% CL N
- B 95% CL 7]
-04 B % Standard Model |
m - ] - - I 1 | 1 1 I 1 I
No significant deviation from SM 02 01 0 01 02

arXiv:1802.04146  Cuw 22



Simplified template cross section

—>| low pY.

S S ;
< | MVAIlow pr(V) ~ »| high pY. { SpeleIC
T [TMVA high pr(V) 5 = 1ijet BSM
T I —| very high pY.

e — _
tH
Horr e || [N o(bbH) | | o(tH)
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Simplified template cross section

Less model dependence: separate the theory uncertalntles |n measurements

ATLAS preliminary I I I ' [ [ [
— ATLAS Prellmlnary +  Expected SM —
Stag e_ 1 . H-— * l‘ Observed: Stat + Sys |
- (H + leptonic V') eV, 79.8 fb-1 SM Prediction
i i Reduced Stage 1 - IyHI <25 B Tib B th —
- D e
II_W—_’Zlil ) Wlil ggF-Oj +. ~20 /o 850 = 160 720 = 50
v [ | ggF-1j-p$’-Low B _— 902100 170220 |
¥ 150, 250] 9gF-1j-p"-Med = 110 = 65 120 = 20
i . _|
(+) ggF-‘lj -p1f:’-H|gh B - * 7 +26 24 £ 5 )
u
N IR — goF-2 | . 160110 140230
VBF-p/ -Low 1! . 220:90  872:27
. T — —
(EWqqHincl. V-H = qqH) VBE- p’ High | L] 3 30=+25 41753
BSM — = T — ; —
N tH VH-Had — 20+105 35977
VH-Lep : - 40:35  165°°°
ttH §§§ (9<5§/?CL) 15'4+11é
1T | | | | | | | | | | | | | | | | | | | |_
0 2 4 6 8 10
Merged strategy: 5 ggH, 1BSM, 1VBF, 1VH-lep, 1ttH ATLAS-CONF-2018-018  oB/(oB),,
o — . —
— i ATLAS preliminar —
S [ gg—H Odjet S preliminary ~40% e Data I
s - ~100% Is=13TeV, 36.1 fb L _
0 * -qq—rqq
m ~23%  gg—H, Tet H—yy and H—22"—4] p.<200Gev [N SM —
= ° pH < 60 GeV m, =125.09 GeV, Iyl<25
' 10 Bsst Precisions’” =
X [ -
ST * + ~60% B ~40% — -
- gg—H, = 2-jet ]
- ag—H, et p'}’ <200 GeV + ~400% ~1 50%_
-li /4 HIlZHI
) — IIF ?g 60 < pT <120 GeV or VBF-like 9999~ v 99/qq—ttH___|
= S ]| ~55% ~40% W us =
— >~14 5 J H. 1-iet ggHH, > 1-]6’[ —]
— oo} - 99— pi> 200 GeV —
- ‘ol 120 < pH < 200 GeV '+ 4gHaq |
8 p._>200 GeV o

ATLAS-CONF-2017-047 Simplified template cross section measurements
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Di-Higgs search

Ahhh
—11.8 < k), < 18.8

-=<f /,.h
+ he” (—7.1 < ky < 13.6exp)
000, -—-h \\\h @ 95% CL
CMS

g9—HH 35.9 fb' (13 TeV)

ATLAS Preliminary @ Ovservd bbVV
(s=13TeV, 27.5-36.1fb" W Evvected + To Observed 78.6xSM HIG-17-030
' Expected + 20 Expected 88.8xSM
Ogyy (PP — HH)=3341f  [Phys. Rev. Lett. 117 (2016) 012001]
. [Phys. Rev. Lett. 117 (2016) 079901] (Err.) bbbb
i Observed 74.6xSM
; obs. exp. Expected 36.9xSM

bbt*t ®© 12.7 14.8 bbtt

Observed 31.4xSM
[CERN-EP-2018-164] Expected 25.1xSM

6565 | | o-o- 13.0 207

[arXiv:1804.06174] bbyy
_ ; Observed 23.6xSM
bbyy| O 22 28 Expected 18.8xSM
[CERN-EP-2018130) | + 0 e ]
W'Wyy | | o0 230 160 Combined —e— Observed
H

- —— - Median expected

[CERN'EP'2018'104] Lol Lol Lol Lol il Lo Observed 22.2xSM 68% ted
4 10 1% 103 10° 105 Expected 12.8x SM [E— 950/1 2;32&2(1
95% C.L. upper limit on ¢ (pp — HH) normalized to Oy, ~—————— 678910 20 30 40 506070 100 200 300 400

B 95% CL on o, /02!

@ Getting close to 10*SM rate for Di-Higgs production
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-0.22% ) :

Similar to H—vyy ones via loop interaction (BR(H—Zy)
probe BSM contribution in Ioops

=0.15%, BR(H—y)

.....

—e—Data
— Background fit

@95%CL Obs./Exp.

:Signal x 20
my, = 125 GeV

o(pp—H)

<B(H—Z7) 6.6/4.4 SM

11

i (Runl)

20005 A As
.'31 800 - .
selected events H—)Z'Y ~ 1600 Vs=13 TeV, 36.1 fb
s 0,82 v <082 §1400
— VBF BDT |— B1200E
l 1000f
0.4 0.4 =
- pT(y) / m(ly) |— 800
| 600~
ee 400
lepton flavour _W_l 200
> 40 GeV pTt < 40 GeV > 40 GeV pTt < 40 GeV
v v ¥ v P
| | ] v \' vils8 L. ...

paia - rit
(¢
o0 O
T
Heo— ]
—o]
_.__
—— 1[E
1t
o |
-o— 1t
o | i
- 1f
| & L1

P

llllllllllllllllll

lit H—Zy / y*y measurements
with mll=5 OGeV

Obs. (Exp.) 95% CL limit

BR(H — Zy — €€y) < 8.0 (5.8) x SM
BR(H — y*y — €€y) < 4.0 (2.2) x SM

Combination: o(pp—H) <3.9 (2.0) x SM

H—-y*y—uuy, EB Low R9
H—-y*y—uuy, EB High R9

115 120 125 130 135 140 145 150

my, [GeV]

H—-Zy-lly, Lepton tag

CMS 35.9 fb' (13 TeV)

| T T
®* Observed

- 68% expected
© Expected (Background only) D 95% expected

© Expected (SM mH=125 GeV) — olog,=1

e

H—Zy—eey, Untagged 1
H—Zy—eey, Untagged 2
H—Zy—eey, Untagged 3
H—Zy—eey, Untagged 4
H—Zy—eey, Dijet tag
H—Zy—eey, Boosted

@ o
@ mmmm@E—
(On@—

E— ]

H—Zy—-uuy , Untagged 1
H—Zy—uuy, Untagged 2
H—Zy—uuy, Untagged 3
H—Zy—-puuy, Untagged 4
H—Zy—uuy, Dijet tag
H—Zy—uuy, Boosted

H—-y*y—uuy, EE
H-y*y—uuy, Dijet tag

T e00
[EE O

H=Zy=Try, Combined
H—y*y—uuy, Combined

H— Iy, Combined

—— up-only
| | | .I | L1 11 | | | | | L1 11 |
1 10 10°

95% CL upper limit on 6/c26




More SM Higgs searches

5.0 fb™ (7 TeV) + 19.8 fb™ (8 TeV) + 35.9 fb™ (13 TeV) Coupllnq to 2nd qeneratlon

CMS Preliminary —— Observed

----- Expected background only

-:r10

Hopp =

- — Expected (SM my = 125 GeV)

95% CL Limit on G/OSM

- N W p OO O N 00 ©

120 121 122 123 124 125 126 127 128 129 13(
my, [GeV]

PRL 119(2017) 051802, CMS-HIG-17-019

Run-1+Run-2:
ATLAS: Obs.(Exp.) < 2.8(2.9)@95%CL

CMS: Obs.(Exp.) <2.6(1.9)@95%CL
Coupling to 1st generation

2 N T T T
O o5l ATLAS -
E - {s=13 TeV, 35.6 fb” .
g B Brgnchlng Fraction Limit (95% CL) | Expected | Observed
@ 2000 bkl ] |53 42418 | 48 ~208xSM
- 1.3+0¢ 09 ~87xSM
150_
B 841! 8.8 ~52xSM
100F 33+1° 25 ~597xSM
500+ [ ] B(Hooy)=4.8x10"
[ ] B@z—ey)=0.9x10°

St **+++++++++*++ Wit
%0 90 1oo 110 120 130

arXiv: 1712.02758  Mexv[GeVl

Data / Fit

—-107°

itv

| L T T T
55 | Hi—»cc |1 %
T e 17 41 &
>
fn (§) B 1 7 =
3 0-514 19, iency -
g Un =10
= - ’
= I 1
'é —05__ . ]
‘= - "ﬂ" "u.:‘. C ]etS -
3) B -]
2 _1E ls=13TeV,tt
B i ATLAS Simulation -
e b o b e b e b 10—5
1 Q=R n nAk 1

arXiv: 1802.04329
Obs.(Exp.) o(pp—ZH)B(H—cc)< 2.7(3.9)@95% CL

—110(150)xSM
Lepton Flavor Violation
X1-°3. _ 35.9 fb (13TeV_)

-t r T rrrrrrrr°rrrr
-¢- Observed[ ] Z—11 —
Bl Z—ee/un [ ttt+jets
[l Diboson [ |W+jets,QCD —

I SM nggs— Hoer (B=20 /) H_) et

Events/bin

0
g9 . B~ I!J,%; 0.25(0.25)@95%CL
£ s - Br(H—> e)¢ 0.61(0.37)@95%CL

06 04 )

CMS-HIG-17-001 BDT discriminator 27




Higgs Projection @ HL. LHC

ATLAS Simulation Preliminary CNS Projection 300017 (13TeY)
\'s =14 TeV: JLdt=3OO fo™ : de’[=3000 fo H— ZZ* — 4] — ECFA16S1+ —— ECFA16S2+
e [T 1 | T T | T T | T T
Kz f : : 7z +0.02 (stat.) £ 0.04 (exp.) £ 0.07 (theo.)
.. DR | i - + 0.02 (stat.) £ 0.03 (exp.) = 0.03 (theo.)
Mz certainty Ty w——
Mg T E Mier ——+
My MY f
...................................................................................................... i _ "
}\'TZ uttH L
________________________________________________________________________________________________________ i o
7»”2 0 0.2 0.4 0.6 0.8
Expected uncertainty
Aoz see Scenario ‘ainty to increase total uncertainty
, : | by <10% for 3000 fb~!
vz Theory uncertainty (%) Kgz | Ayz Agz | Az | Ay
. o
Y : :
N PDF ii B B B B
incl. QCD scale (MHOU . - - - -
0 005 0.1 015 0.2 0.25 Q > (MHOU)
pr shape and 0] — 1j mig. - | 1.5-3 - - -
A’LXY=A(§) 1j — 2j mig. - 337 - - -
Y 1j — VBF 2j mig. - - 6-19 | - -
VBF 2j — VBF 3j mig. - - - 6-19 | - 28




¢ Comprehensive Higgs property measurements: mass, width,
fiducial/differential cross section, simplified template cross
section.

¢ Principal production modes:
+ Observation: ggH, VBF, ttH, VH
¢ Principal decay modes:
+ Observation: yy, WW, ZZ, 1T, bb

+ Probe coupling to 2nd / st generation

¢ Excellent agreement with SM so far.

Plan to have a regular theory-experiment discussion:

EXP-PH-TH-COMM@maillist.ihep.ac.cn

Contactor: Minshui Chen, Yanping Huang, Hao Zhang
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