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Standard Model Of Particle Physics

Higgs boson

€ QUARKS @ LEPTONS @@ BOSONS @ HIGGS BOSON

Source : https://www.energy.gov/science/doe-explainsthe-standard-model-particle-physics



Beyond Standard Model

Present experimental uncertainties leave room for a BSM interpretation of the detected Higgs
boson.

Could there by hints for an additional Higgs boson in the currently existing searches ?



Experimental Results

* Di-photon channel — CMS / ATLAS

* Di-tau channel — CMS

* Bottom quark pair — LEP




Explaining the Anomalies




Explaining the Anomalies

Signal Strength is defined as,

0(Pg5) X BR(Pg5 — X)

w(Pos)x =

aSM(®g5) x BROM (@95 — X))




Di-photon Excess

* Di-photon resonances played a vital role in the discovery of 125 GeV Higgs Boson.
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Di-photon Excess

* Di-photon resonances played a vital role in the discovery of 125 GeV Higgs Boson.

* CMS—-8TeV (Run 1) and 1styear 13 TeV (Run 2) - 2.8 g at 95.3 GeV/

11(Dgs ) ATV = 0.6 +0.2.

* CMS — Full dataset 13 TeV - 2.9 ¢ at 95.4 GeV

p(Po5)y = 0.3375115

* ATLAS — Full dataset 13 TeV - 1.7 o at 95.4 GeV
1(Po5)yy = 0.18 + 0.1



Di-photon Excess

exp ATLASH+CMS

0.09
Foyy = Hryy — 0'24J—r0-08’




Di-tau excess

* Higgs bosons expected to have coupling with fermions that increases with fermion mass
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Di-tau excess

* Higgs bosons expected to have coupling with fermions that increases with fermion mass

* CMS — 13 TeV Run 2 dataset. — most pronounced excess at 100 GeV with local and global

significanceas 3.1 c and 2.7 o
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LEP excess

* Maximum Centre of Mass energy — 209 GeV

* Excluded SM Higgs Boson with masses upto 114 GeV




LEP excess

* Maximum Centre of Mass energy — 209 GeV

* Excluded SM Higgs Boson with masses upto 114 GeV
* Higgstrahlung

ete” — ZPgs — Zbb

°2.30at98 GelV

* 95 GeV
1(Pos)pp = 0.11710 021



Summary

Local (global) significance

Channel Signal Rate
99 — Po5 — ¥ 11(Pog5)y = 0.337019 2.9(1.3)0
99 = o5 — 7T (1(®gs)rr = 1.23705 2.6(2.3)0
ete™ — Z®Dgs — Zbb 11(Pos )y = 0.1170:057 2.3(< 1)o




2HDM — Type 1




2HDM — Type 1

V(9r,02) = mby6}n + mahds —mi [816s + alon] + 5 (0l0n)” + 22(8hn)?
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2HDM — Type 1

V(61,62) = mi1610n + maéhn + 2 (6160) + “2(516)?

+ X(8161)(8162) + Aa(0]62)(8Ln) + (22 (662)” + hucs).

b1 — P1, P2 — —Po.



2HDM — Type 1

2

c2mi, + s2m3

e h
AL = v2c? ’
o
2,2 | (2.2
Ny = CaMy + S, My
v2s2 ’
B
(m2; — m2)saca — (A4 + A5)v?
A3: H h/°ata 4 + S)U Cpsp
v2c38p ’
2 2
N, my — 2my.
4 ‘U2 9
2
m
As = ——24




2HDM — Type 1
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Couplings

*HW —— cos(a — )

*hVW —— sin(a — )




Constraints
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Solutions

* Overlapping Solution

* Single Solution




Chi—Square Fit
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Overlapping Solution

pirtr=(h+ A) = pirsr—(h) + prer-(A),  pyy(h+A) = pyy(h) + pyy(A),  pp(h).




Overlapping Solution

Parameter Scan Range

my 125 GeV

mh 94 GeV — 96 GeV
ma 94 GeV — 96 GeV
M+ 140 GeV — 250 GeV
tan 3 0.5 — 100

sin(8 — a) —0.60 — 0.60




Overlapping Solution
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Overlapping Solution
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Overlapping Solution

sin(B — a) vs X2,m

16
14 A 0.99
12 4 0.98
10 4 0.97
>
E g 0.96 =,
= &
©
6 - 0.95
4 i 0.94
2 0.93
0 - 0.92

—6.2 —(I).l 0.0 0?1 0.2 0.3 0.4
sin(Bf — a)




verlapping Solution

Simultaneous Solution Simultaneous Solution
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ATLAS-CONF-2021-053
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Overlapping Solution

MH M ma My tanB  sin(B—oa)  pri-(h+A) pay(h+A) pe(h) X3+T—+W+bg

125.0 94.36 94.44 166.63 2.33 -0.17 0.836 0.296 0.027 3.402




Single Solution

Parameter Scan Range

mu 125 GeV

mp 94 GeV — 96 GeV
ma 90 GeV — 250 GeV
My + 140 GeV — 250 GeV
tan 3 0.5 — 100

sin(8 — «) —0.60 — 0.60




Single Solution
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Single Solution
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Single Solution

sin(B — a) vs x2,,
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Conclusion

In the Type — |, 2 Higgs Doublet Model

* There exist a possible explanation of 95 GeV anomaly for the case of the overlapping solution at 1o.
* There does not exist a possible explanation for the single solution.

* The above conclusions remain true even if add a softly symmetry breaking term to the potential.



Thank you
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