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Personal note: 12 years ago

// model
RooWorkspace* w = new RooWorkspace("w","w
i i i i ->import(mll);
* @author Haifeng Li <Haifeng.Li@cern.ch> w->import(ml1)
@date Sep 03, 2012 // Working version for [105, 160]

A i //w->factory("EXPR: :bkgPDF('exp( a2*pow((ml1-97), 0.2) )', mll, a2[-1
@usage Fitting macro for H -> mu mu background.

/7
//w->factory("EXPR: :bkgPDF(' Cal*mll + a2*(2*mll*mll -1 ) + a3*(4*mll¥

//

= = //w->factory("EXPR: :bkgPDF('exp( al*pow((ml1-100), 0.2) + (a2)*(2*pow|
TTree.h

#include "TH1D.h"
. " " // H->gamma gamma
#include "TRandom.h //w->Factory("EXPR: :bkgPDF('exp( al*(ml1-100)/100.+a2*(ml1-100)*(ml1-
#include
#include
#include

#include ™
#include "RooDataHist.h"

#include "RooGaussian.h"

: " n //w->factory("RooPolynomial: :poly_bg(mll, {poly_cl[1, @., 10], poly_c
#}nclude a RooPlot. h - //w->factory("EXPR: :exp_bg('exp( a2*pow((ml1-97), a3) D', mll, a2[-1,
#include "RooGenericPdf.h //w->factory("PROD: :bkgPDF( exp_bg , poly_bg)");

#include "RooMinuit.h"

//Local

. " . . " //w->factory("Chebychev: :poly_bg(mll, {poly_cl[-7.44E-3, -1., 1], pol
#include Utll/plotFlt -h //w->factory("RooExponential::exp_bg( mll, a2_bg[-0.1,-0.5,-0.001])"
//w->factory("SUM: :bkgPDF( frac_bg[0.6, 0.01, 0.9]*exp_bg , poly_bg

using namespace RooFit ; // Working version
w->factory("Chebychev: :poly_bg(mll, {poly_cl[-0.7969, -1., 1], poly_c
w->factory("RooExponential::exp_bg( mll, a2_bg[-0.1584,-0.5,-0.001])"
w->factory("SUM: :bkgPDF( frac_bg[@.382, 0.01, 0.9]*exp_bg , poly_bg
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Gavin Salam, the future of HEP

» LHC will reach 50 sensitivity for H — pu in the coming years (if it is SM-like),
offering first proof that particles other than 3rd generation also get their mass from
Yukawa mechanism

» that will be a crucial step on the way from 3rd generation Yukawas to 1st

> it deserves a big event with the world’s press to announce it

8/15/24 Haifeng Li (Shandong University) 7
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/

\ Yo vam
H —>CC§7 *ﬁ Eﬁmg ATLAS-CONF-2024-010

Similar to H—bb, VH events are used to suppress
QCD background for H—cc (¥l vector boson3fk fiH
AZIRMEF)

Use V (W/Z) leptonic decays
« 0O-lepton: Z(—vv) H(—cc)
« 1-lepton: W(Ixv)H(—cc)
« 2-lepton: Z(I+I-)H(—cc)

Charme-jet tagging: vary challenging
* The decay length of the D hadron
will be smaller than the decay

length of B hadron

« Use Deep Neural Networks to
combine different discriminate
variables for c-jet tagging — ( lightquark (uds)

8/15/24 Haifeng Li (Shandong University) 9



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/

H—cc

« Main backgrounds are W/Z+jet,
top, VZ (Z—cc)

« ATLAS recently reanalyzed the
previous published results (Eur.
Phys. J. C 82 (2022) 717) with
CONF note, ATLAS-CONF-2024-

010

« Main changes are,

— Better flavor jet tagging (DL1r
with DNN), Eur. Phys. J. C (2023) 83

— Use BDT to discriminate VH(cc)

boost
— elc.
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Combination
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Expected upper limit on signal strength: 31
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Eur. Phys. J. C 82 (2022) 717
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Expected upper limit on signal strength: 10
Will need 14000 fb! to reach SM sensitivity

Haifeng Li (Shandong University)
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H—Zy

Phys. Lett. B 809 (2020) 135754

Phys. Rev. Lett. 132, 021803 (2024)

Haifeng Li (Shandong University)
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https://www.sciencedirect.com/science/article/pii/S0370269320305578?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021803

H 5 Zy arXiv:2005.05382
Phys. Lett. B 809 (2020) 135754

Br(H—Zy): ~1.5X 103
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H—Zy: ATLAS+CMS combined
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JHEP 05 (2023) 233
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arXiv:2309.03501

Phys. Rev. Lett. 132, 021803 (2024)

. ATLAS and CMS
- LHC Run 2

—— ATLAS + CMS
— CMS
—— ATLAS ]

Observed (SM expected) significance: 3.40 (1.60)
Evidence for H—Zy at the LHC

Haifeng Li (Shandong University)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021803
http://www.arxiv.org/abs/2309.03501
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H—ee and lepton flavor
violation decays

Phys. Lett. B 801 (2020) 135148

JHEP 07 (2023) 166

Haifeng Li (Shandong University)
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https://www.sciencedirect.com/science/article/pii/S0370269319308706?via%3Dihub
https://link.springer.com/article/10.1007/JHEP07(2023)166

H—ee and H—>€|J arXiv:1909.10235

Phys. Lett. B 801 (2020) 135148
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Observed (expected) upper limit at the 95% confidence level on the branching
fraction Br(H—ee) is 3.6 X1074(3.5X1074) and on Br(H—ep) is 6.1 X107 (5.8 X 107°)
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https://www.sciencedirect.com/science/article/pii/S0370269319308706?via%3Dihub
https://arxiv.org/abs/1909.10235

Probe lepton flavor violation (LFV) decays of the Higgs boson
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arXiv:2302.05225
JHEP 07 (2023) 166
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The observed (expected) upper limits set on the branching ratios
at 95% confidence level, B(H — e1) < 0.20% (0.12%) and B(H —

ut) < 0.18% (0.09%)

Haifeng Li (Shandong University)
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https://link.springer.com/article/10.1007/JHEP07(2023)166
https://arxiv.org/abs/2302.05225
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H—>Q+y

Eur. Phys. J. C 83 (2023) 781

Haifeng Li (Shandong University)
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https://link.springer.com/article/10.1140/epjc/s10052-023-11869-1
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Haiteng LI (Shandong university)

arXiv:2208.03122
Eur. Phys. J. C 83 (2023) 781
From MC
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Upper limits on the
branching fractions of
the Higgs boson decays
into J/yy, w(2S)y are
found to

be 2.0X1074, 10.5X10™4
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https://arxiv.org/abs/2208.03122

4k

ICNE
 H—pp search with full run2 data by ATLAS. %IEEP%I\LHC%EE%W (CLHCP2024) 4L

Observed significance: 20 (1.70 expected). Best- Ay m. 200411514 E 115178

fit combined signal strength: y=1.2 £0.6 SRR WRETEHELE
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* First evidence of H—Zy from e CLHCP2024 =5,

ATLAS&CMS. Observed result = S raiton ‘

is 1.9¢ away from the SM oy oF o oI ot

Higgs prediCtion j 10‘2i zoz%j%r%%%;e%:?cn/e /22941/
« ATLAS VH(—cc) E - ’ -i- oln

measurement has been e [ i [ 1

Force carriers  Higgs boson

EiE - v
IR | Ll L

\‘\

improved significantly. Hard to
reach to SM sensitivity but will

- O

[ Jllll T

provide smaller confidence l - i
interval for charm-Higgs b | ' t
YUKawa Coupllng h 1OI:articIemass((}‘je(:;) e

8/15/24 Haifeng Li (Shandong University) 21


https://indico.ihep.ac.cn/event/22941/

— A
— — Peter Higgs (29 May 1929 — 8 April 2024) f

8/15/24 |



ATLAS H—Zy: A [ElcategoryRI#:

> S L S IR BRI L L IR IURR

8 o5 ATLAS ¢ Data -~

— F Vs=13TeV, 139 fo' —— Background fit -

@ E TTHH - Zy SMx 20

S 20— VBF-enriched -

& E 1
15 P =
10} * -
5 L Lse| 3
o -"":‘ ‘": s Ll i

T AR IBRRRRRRAL REERERRRE EERRRRRRR ERN
5 + _

® 0|I |I+I|+ll+| 'H+ |I|I|I+IH+HI+|++I|I+++T

g st e
110 120 130 140 150

my, [GeV]

> A L L I LR L I

& 3000 ATLAS i Data

- F Vs=13TeV, 139fb" —— Background fit

£ 2500 {TiH—>ZysSMx20

+1+1++++ ++¢+ RN it
t Tt

Data - Fit
O

‘||lluH.Hx;\u‘|u‘H]uunuuhuunu

120 130 140 150 160
m,, [GeV]

8/15/24

% 120:7'"A|'T1Aé"|""]""f"'i'l"[')'a;;"‘\""I""i:
(O] C ]
—~ L Vs=13TeV,139fb" —— Background fit
@ 100 o, [HH—>Zy SMx 207
<ICJ I High relative P,
3 C
o 80 H'
60 s
s0- E
20— -
g AT 1..«-;-:'i'i-: il H» RS T T B ]
£ 20_||\||
m Onr¢wr+"¢ 34T ¢+“+ +++1'f++¢ +++1l'+ ﬁ+++++ +
< +
a -20,, . |\+||_
11 120 130 140 150
m;, [GeV]
> e L L B UL B I R I
8 - ATLAS # Data 3
< 250 (s=13TeV, 139fb" —— Background fit —
@ C . ITTTTH>ZySMx 20 ]
él:) 200} High P, HP«+ {
L + ]
150 —
100F —
E + i
50— =
: P - I\\E-IT'I-LIJA‘||||‘\\IIII\IIIII\IIIIIIZ
E 50__|||1{[||||\f[+||||1ffllll‘\llll\TTflll\Tfllll
5 Ottt raOw RIS
T HOTUTT TR T ety Ty
O _5 _IIIJ IIIIIJlllllIJ1lIlllJlllllllllllllllllll

120 130 140 150 160
my, [GeV]

Haifeng Li (Shandong University)

THL

240
220
200

Events / GeV

;:A
= (s-
= Hi

(o}
o
T[T T[T T

LAS § Data

13 TeV, 139 fo! —— Background fit
TTiTH—> ZySMx 20

High P, ee

5t

‘HI|IJl\lll‘\lllHlllll‘Hll

——

IHlIII‘HIlIH

I B .. e e B B

+ b4y + +_J._1 e s '+'1

Data - Fit
o

EYSE I8 ,
FHET T g T

1I25 130 135 140 145
m,, [GeV]

& 4000
& 3500
C
E 3000
2500
2000
1500
1000
500

\\|||IH||\IH|I\II‘II\I‘\II I\II[II\Illll\

CATLAS  ; pam

Vs=13TeV, 139 fo! —— Background fit
‘H— Zy SMx 20

Hlll Hl\IIlllHI\IIll‘lll\lllll\llllllll?

I N I D DR DR I T

10

O

""I""""'\""""‘I""""'I""""'
+t¢++++ b, yht! bt gt

Data - Fit
O

Ll

el b b b

120 130 140 150 _ 160
m,, [GeV]

23



H—et and H-put: AJEMiTHS
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Symmetry method: Data-driven method where
the main backgrounds in one channel are
estimated using the data yields in the other
channel [Phys. Rev. D 90, 015025 (2014)]
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Exclusive background: the first is an
exclusive contribution originating from
u+u—y events produced via the Drell—
Yan process, where a highly energetic
photon typically arises from final-state -
radiation

Inclusive background: the second, 550
which is the dominant background, is an
inclusive contribution mostly from muilti-
jet and y+jet events involving dimuon or

Q production
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