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The 95 GeV Candidate

> Results around 96 GeV from LEP (> 2 6) and CMS (2. 96). Further motivates asymmetric searches

He SS, LN ]
CMS Preliminary 132.2 b (13 TeV)
AD LEP g 1 EI 1T | LI | T TT | T TT | TTTT | LI | L L | 1T \§
O s J
1 1 = > —
— & g 1o
= -
(&) ]
3 ---------------------- 120
10 : —E
i T S I _; 30
10 -2 . ——— Observed : E ——— Observed 13 TeV (2016) ]
B === -Expected for signal plus background B Observed 13 TeV (2017) _
------- Expected for background : 1 0—4 E =
) ! ; F ——— Observed 13 TeV (2018) 3
i 3o s cosscsssssssswseessus 4o
L ——— Observed 13 TeV (Run 2) i
10 3 L | | I P | | I B i ;\ | 1 10_5 = —
80 85 90 95 100 105 110 115 120 :l 111 | 1111 | 1111 | 1111 | 1111 | 1111 | | il i | | 111 1:
2 70 75 80 85 90 95 100 105 110
my,(GeV/c") m,, (GeV)

Karabo Mosala, International Workshop on the High Energy Circular Electron Positron Collider (Nanjing/zoom), 23.10.2023



The 95 GeV Candidate

dN/dm.. (1/GeV)
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Dedicated search for scalar decaying into tau pairs. CMS observes a

local (global) excess of 3.1 (2.7)o at ~100 GeV.
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Events/ 10 GeV

Data — Bkg

The 95 GeV Candidate
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E L T foo ATLAS has not performed a dedicated search for low mass scalar. That

mMMC [GeV] said, we do not seem to see a clear excess around 95 GeV in the
sideband. Is the CMS excess an upward fluctuation?
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Events

The 95 GeV Candidate
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SM Higgs hypothesis alone. alone is having difficulty describing the lI+MET transverse mass spectra,
giving room to other Higgs-like signals. Compatibility with other signals under study.
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The 95 GeV Candidate
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The 95 GeV Candidate

Source of leptons
S(152) » Ww

H 4 Potential contributor to multi-lepton
¥ e < anomalies at the LHC

S'(95) - bb

/

Source of b-jets
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2HDM+S Model Framework

Fields:

P = ¢1+ Py = ¢3— bg=vg+p
- ; ’ - 5 ) S = VU§ S
75(v1 + p1 +im) 752 + p2 + in2)

Potential:
V. = m31|®1]2 + m3,|®2]2 — mi (@] ds + hee) + %(dﬁldn)? + A2—2<¢£¢2)2
FA3(@]®1) (@]02) + Aa(@]@2) (@f01) + 22 [(@]95)? + hc]
+%m§¢§ -+ ’;—%é + %(cb’{%)@% + A—28~(<1>£¢2)¢%
Zy Symmetry: ®; — ®1, ®p > -y, g — dg
Z, Symmetry: ®; — &, , &, > dy, g — —Pg (broken by vg = no DM)

Physical States: 1, ho, hg (CP-even), A (CP-odd), H* (charged)

Karabo Mosala, International Workshop on the High Energy Circular Electron Positron Collider (Nanjing/zoom), 23.10.2023



2HDM+S Model Framework

Three Neutral CP-even Higgses :

h1 \ ( P1 \ . - o
h2 =R P2 ) R = _(Cazsazsaa -+ 80’160'3) Ca,Cas — SaySa,Sas Ca,Sa;
\ h3 ) \ pS —Cagsagca'j + SQ:SQ3 —(CQISQ3 + 80‘1802003) CQQCQ_.,j

Coupling to massive gauge bosons : (Identical to all four types)

ch,vv = cgRi1 + sgR;o

h1 CazCh—aq

ho —CB_qqSazSa3 + CazSB—ay

h3 —cazCB_qqSas — SazSB—a
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2HDM+S Model Framework

Coupling to fermions:

u-type (cpt) d-type (cpp) leptons (cprr)
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2HDM+S Model Framework

Coupling to fermions:

u-type (cp4t) d-type (cppp) leptons (cp;rr)

type I R;2 R;2 R;2
S8 ds) Sg
R;> Rjy R;
[ type 11 Sg cg _Cz’l
type 111 (lepton-specific) %32 %32 ﬁo‘,l
. Ri2 Riy Ri2
type IV (flipped) 55 cs 55

“Physical” input parameters:

@123, tang, v, wvg, Mhy oz  MA Mg+, mi,
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Statistical Analysis and Parameter Scans

(s BT )
9 o YTt b WW o = bb WW
X77,T+ 7 ,0bLWW (Aus™® DS
vy, 7T ,bb,WW

oBSM (gg—S)-BRP M (§— X X)

oBSM (gg—S(m=msgn)) -BR°™ (S(m=mpsiy)—XX)

<P = 0.27 + 0.095

' ex i Cross section :
pEP = 0.117 £ 0.057

S5(95) = 76.3 pb
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Br[S—bb]

Statistical Analysis and Parameter Scans
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=> Further validates the choice for BSM signal as 10% of SM background
for the allowed parameter space within 2HDM+S framework

Karabo Mosala, International Workshop on the High Energy Circular Electron Positron Collider (Nanjing/zoom), 23.10.2023 14



Discovery Potential of CEPC
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Discovery Potential of CEPC
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Event Discrimination: Deep Neural Network

7ol I f %,
I . ]~ T -~ . = 4 - :  q [
A"’F“L].v‘"""r ,”‘L R ‘,FV_:_-H'.v[.-J*_\ﬁj i ‘1,J{f'ff.,;"t:ﬁtﬁl_'
b 1 - x2 —|
wu: B | ) ; o (1) - x3__ —y1
i 4 \
/ \\ . P i b : :
-/f A s AN T LN xe— —y2
I ,L : ]
"l A ,,J‘l-»-_‘f[—"'f.I‘l:_l,'i.':l»%’L
Input Layer Output Layer
6 neurons 50 neurons
| * = Flip Coin
L 100 neurons . < 200 neurons ) p
14 Input Variables in the Input Layer hd

Hidden Layers

Karabo Mosala, International Workshop on the High Energy Circular Electron Positron Collider (Nanjing/zoom), 23.10.2023 17



Event Discrimination: Deep Neural Network
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1 have a turn key
discovery to make

ATLAS CEDC

CMS
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Significance

Discovery Potential of CEPC (Again)
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Events/(500 MeV)
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Discovery Potential of CEPC (Again)
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Summary and Conclusion

Reported 95 GeV excesses: LEP =2 6, CMS =2.9 6, CMS: 2.4 6, ATLAS=1.7 ¢
The Observation reaches 5o significance with 15 (10) fb~for Vs = 250 (200) GeV at CEPC
Turn key discovery (“8 days”)

Signifies multi-lepton anomalies reaches 8o (with excesses at 152 GeV ~ 4.8 o)

YVYVYYVYY

This observation could set up the existence of Beyond the Standard Model Physics.
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Further

Questions?
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Parameter Scans
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Br[S-17]

Parameter Scans
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