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Disclaimer

What I will NOT talk about: (not my area of expertise)

— calculations needed to measure My,

— tools/codes that are used to measure My,
— PDFs

— related uncertainties

— CDF’s uncertainty estimate

I will take the CDF measurement simply at face value
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Disclaimer

What I will NOT talk about: (not my area of expertise)

— calculations needed to measure My,

— tools/codes that are used to measure My,
— PDFs

— related uncertainties

— CDF’s uncertainty estimate

I will take the CDF measurement simply at face value
well, nearly . ..
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1. Introduction: the mass of the W-boson

SM
DO | 80478 + 83 o
CDFI 80432 + 79 o
DELPHI 80336 + 67 o
3 80270 + 55 o
OPAL 80415 + 52 —
ALEPH 80440 + 51 ——
DO Il 80376 + 23 —o—
ATLAS 80370 + 19 —o-
COFIl 80433 + 9 -
799(:;0I | 8I0(|)0I0I | 8I0!|0I0I | 8I0|20I0I | EI30.|30I0I | éOLOIOI | é0|50I0I |

W boson mass (MeV/c?)

= large discrepancy with the SM prediction

[CDF '22]
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1. Introduction: the mass of the W-boson [CDF '22]

S
DO | 80478 + 83 ®
CDF | 80432 + 79 ®
DELPHI 80336 + 67 o
L3 80270 £ 55 ®
OPAL 80415 + 52 ®
ALEPH 80440 + 51 00—
DO Il 80376 + 23 ——
ATLAS 80370 + 19 —Dp-
CDF I 80433 + 9 L
79900 'éoé)o'o' 'éolmlo' 'éolzo'o' 'éogo'o' 'aaolto'o' 'éolso'o' |
W boson mass (MeV/c?)
= large discrepancy with the SM prediction

= large discrepancy with other measurements: MVF’VDG — 80379+ 12 MeV
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Approximation for a new world average: [A. Falkowski '22]

mw [GeV]
CDF ——
LHCb 3
ATLAS . 3
Do L 3
LEP 9
Standard Mode Experiment (S=2.1)
my = B0.361(B) GeV my, = 80.410(15) GeV
80.30 80.32 80.34 80.36 80.38 80.40 80.42 80.44

= approximation yields M{;??" "7 = 80410 + 15 MeV ~ 3¢
= enlarged uncertainty because of “bad agreement” between older
and new measurements = PDG prescription
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Search for BSM physics via EWPO:

Comparison of observables with theory:

Precision data: T heory:
My, sin? Ogtr, ap, My, | <> | SM, BSM models

Y

Test of theory at quantum level: Sensitivity to loop corrections, e.g. X

SM: limits on My, BSM: limits on My

Very high accuracy of measurements and theoretical predictions needed
= models ‘“ready” so far: SM, MSSM, “pure multi-Higgs” models (?7)
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Precision observables in the SM and the BSM models

Mw, Siﬂ2 Qeﬂf, C

A) Theoretical prediction for My, in terms

of Mz, o, Gy, Ar:

M?2 M
%4 M%
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u decay:

tree:

Ve

gauge-boson self-energy corrections:

S1
/ \\' _,5_2
' / ;~
AT A
Vl sz Vl A ~
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u decay:

vertex corrections:

box corrections:
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Precision observables in the SM and the BSM models

Mw, Siﬂ2 Qeff, C

A) Theoretical prediction for My, in terms

of My, o, Gy, Ar:
2 - T )
MW( — 2| = e (A

loop corrections

Evaluate Ar from p decay = My,

One-loop result for My, in the SM:
[A. Sirlin '80] , [W. Marciano, A. Sirlin '80]
2

A7“1—I00|o — A« - ET://VVAP +  Arrem(Mpg)
M
~ 6% ~ 3.3% ~ 1%
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Precision observables in the SM and the BSM models

Mw, Siﬂ2 Qeff, C

A) Theoretical prediction for My, in terms

Of ]\4'27017 G,LL) AT
12 (1 MI%V o (14 Ar)
_ W — ”
v M2 ) V2G,
i
loop corrections
B) Effective mixing angle:
SiN“ fgif = ———— | 1 — Re—‘]f

Higher order contributions:
gxf/ — g{} + Agé, gf; — gffl + Agi}
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Effective weak mixing angle: experimental results:

LEP-1 and SLD: Z-pole
LEP-1 and SLD: Afy
SLD: A,

Tevatron

LHCb: 7+8 TeV

CMS: 8 TeV

ATLAS: 7 TeV

ATLAS: e€ccHHM
ATLAS: ee .

ATLAS: 8 TeV

= only average of ALS(LEP) and A¢ (SLD) agrees with SM prediction

A'Tl'.AS Erglimingry

i

—&-

—-—

—

0231

» 2nl
sin Oef,

0232

0.23152 £ 0.00016
0.23221+ 0.00029
0.23098 + 0.00026
0.23148 + 0.00033
0.23142 + 0.00106
0.23101+ 0.00053
0.23080 + 0.00120
0.23119 + 0.00049
0.23166 + 0.00043
0.23140 + 0.00036
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Calculation of Myy:

|

S7Y(M7) Iyt (M)

M2 M2,

EVV 14 0 R ZH/ 44 AIQ
Ar(@) ?\f%f ) + (vertex) + (box) — - q}u%( i)
[62}7(18)] seSF (0) g
— — e
0k? lk=0 ¢, M3 Ll
~¥5(0) - X4(0) — S (0) - 5(0),

Main contribution:

2
_ C_WRe

S

~ G
~ T2

2
MZ

2
MZ

>z(M3) ZW(M%/)]

5
My,

>7(0) Zw(0)

=
My,
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Corrections to My, sin? 6.+ — approximation via the p-parameter:

p measures the relative strength between
neutral current interaction and charged current interaction

1 Ap= >7(0) Zw(0)
1—Ap M? Mg,

p pr—
(leading, process independent terms)

Ap gives the main contribution to EW observables:

M 2 2 2
AMy =~ W W A Asin? 08 m — VWA,
Cw — SW CW — Sw
t,b
vV vV

Remember: Ap goes up = My, goes up, sin? Ocrr gOES down
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Calculation of My, with 5,7, U:
— capture the gauge boson self-energies
= good approximation in multi-Higgs models

32
M2, = M2 14
w — Mw|q |
cZ — 82
Q0 i c
Ky = — | -8 +e&T4
52 2
w
Main contribution:
2 2
aC S
_I_ W 2 . 2 T
va Cw — Sw
bW (aT)
p— (@7
2, — 82,
2

CW_SW

:—I—QCW Ap ol = Ap

[M. Peskin, T.Takeuchi '90]
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2. Implications for the Standard Model

SM result for My, (and sin? Ogff):

— full one-loop
— full two-loop
— leading 3-loop via Ap
— leading 4-loop via Ap

Remaining theory uncertainties from unknown higher-orders:

intrinsic today: 5MVSVM’theO — 4 MeV

parametric today: dm; = 0.9 GeV, §(Aapsq) = 1074, M, = 2.1 MeV

SMP®™M = 5.5 MeV, §Mh@2%ad =2 Mev, sMp @M% = 2.5 Mev
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Results for My from other EWPO:

Tevatron sin’(8,,)

Tevatron M,,

light Higgs preferred by: ATLAS Mw
My, Al r (SLD) LEP M,
0b

heavier Higgs preferred by: LEP AFB
Alg (LEP) LEP A
= keeps SM alive SLD A|
SMitwio M,

LHC average

= M§PF prefers a too light Higgs mass

Eie o Jor
I 66
_________________________________ |2
....................................... I L
.............................................. — a2y
' 5
D (L0
Sk 105102
6 10 20 109x100 10°
M. [GeV]
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Global fit to all SM data:

8
= My = 9012l Gev y5E D it i
gF . SWitwoM, measwement |l H9g
“agreement” at 1.8¢ 35 f— @~ LHC combination [PRL 114, 191803 (2015)] —f
it
Assumption for the fit: oF 3
SM incl. Higgs boson L5E E
= no confirmation of 1_ ......................................................... _10
Higgs mechanism 0.52— _
ST S Dy FURTE NN I A B
60 /0 80 90 100 110 120 130 140

My [GeV]

= MEPF would move the fit down substantially
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3. Implications for Multi-Higgs models

Models with extended Higgs sectors:

1. SM with addional Higgs singlet

2. Two Higgs Doublet Model (2HDM): type I, II, III, IV

3. 2HDM with singlet extensions: N2HDM, S2HDM, 2HDMS, . ..
4. Minimal Supersymmetric Standard Model (MSSM)

5. MSSM with one extra singlet (NMSSM)

6. MSSM with more extra singlets (urSSM)

7. SM/MSSM with Higgs triplets

Sven Heinemeyer — FPCP 2022, 05/26,/2022
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Extended Higgs sectors

Compatibility with the experimental results requires:
e A SM-like Higgs at ~ 125 GeV

e Properties of the other Higgs bosons (masses, couplings,...) have to
be such that they are in agreement with the present bounds

Iy . i 2 — 2 —_ 2 ~Y 2
The “sum rule”: ¥ g7 vy = 9o\, vV and we Know g vy ~ Gfre, vV

= not much room left for BSM Higgs couplings to gauge bosons

Sum rule “violated” only by triplets or higher representations . ..

Sven Heinemeyer — FPCP 2022, 05/26/2022 18



Two Higgs Doublet Model (2HDM):
Fields:

o7 63

P = P2 =
' %(’01 + p1+in1) ° %(’02 + p2 +in2)

Potential:
A Ao
Vo= miy|®1? 4+ md 0o — miy(@ldy 4 he) + E(qu{@l)Q + 5("95"32)2

A
FA3(D] 1) (PLdr) + Mg (D] Do) (DLdq) + 35[(@;%)2 + h.c]

Physical states: h, H, (CP-even), A (CP-odd), H* (charged)

“Physical” input parameters:
Co-a, tanB, v, My, My, My, My+, mi;
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Assumption (for now): h ~ hqios

Z> symmetry to avoid FCNC:

¢1—>¢1,¢2—>—¢2,¢S—>¢S

Extension of the Z>, symmetry to fermions determines four types:

u-type d-type Ileptons

type I Ps Py Py
type II Ps Pq Pq — MSSM type
type III (lepton-specific) o Py P4
type IV (flipped) Po Py b,

Sum rule (with A SM-like): sin(8 —«a) ~ 1, cos(f —«a) =0

Unitarity/perturbativity and EWPO (so far): = Mg ~ My ~ M+

Sven Heinemeyer — FPCP 2022, 05/26/2022 20



Next-Two Higgs Doublet Model (N2HDM): — (nearly) NMSSM type
Fields:

b = ¢1|_ b = Qﬁg_ Po = -I-p
1= . ) P2 = - TS T IS
%(01 + p1 +im) %(vz + p2 +in2)

Potential:
2 2 2 2 2 ot A1, 4 >, A2, % 5
Vo= mi1|P1]T + map|Po]c — mia(Py ¢2+h.6-)+—(¢1¢1) +—(¢2¢2)
+/\3<¢*¢1><¢* ®3) + Ag (P Do) (L) + 22 [(cb*cb )2+ h.c]

1 2

+Sm S<b5+ +§(¢§¢1)¢%+§(¢5¢2>¢5

Zo> symmetry: &1 — P71, o = —Py, g — Pg
Zh symmetry: @1 — d1, Py = Py, $g — —Pg (broken by vg = no DM)

Physical states: hi, ho, hs (CP-even), A (CP-odd), H* (charged)

Sven Heinemeyer — FPCP 2022, 05/26/2022 21



Contribution from 2HDM Higgs sector to Ap:

2 2

2
Ap) o @ { MAME
non-SM 2 .2 2 2 a2 2
167mesy, MG, (Mm% —mz  my
2 2 2
MMy n oy
m2 — m2 m2
A H=E H+
2, 2 2
Ty m
m2 _ m?2 2 H
H H* H*

= large Ap needed to accomodate MGPF

Before M§PF:
— small mass splittings between my+-mpy and my+-my

After M5PF:
= increased mass splittings to accomodate MV(‘:/DF

Sven Heinemeyer — FPCP 2022, 05/26,/2022
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Example: my+ = 1000 GeV, cos(8 —a) =0 [C. Lu, L. Wu, Y. Wu, B. Zhu '22]

PDG 2021 MGPF
400

4005 o (5-2)=0, mi=1TeV

cos(B-a)=0, my:=1TeV ' |
PDG 2021 ‘

CDF 2022

200} 200;

e - --------=ple e TN

Am[GeV]
o
Am[GeV]

o

~400L . i L |
-400 -200 0 200 400
Am H[GeV]

-400 -200 0 200 400
AmH[GeV]
= nearly no overlap of the 2o regions

< new CDF value lies substantially above the PDG value
= new CDF value requires relatively large BSM Higgs mass splitting
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MGPF vs. sin? 0 in the 2HDM

2HDM type-I (o = 5 — 7/2)

L e e L e [ B N B I1 T T T

0.2320

0.2315

a2 plep
sin” 0

B

0.2310

MW [GeV]

Remember: Ap goes up = My goes up, sin? f. goes down
= agreement only with SLD value of sin?
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MIS‘:/DF VS. Sinzeeﬂ—‘ in the N2HDM [T. Biekotter, S.H., G. Weiglein '22]

= N2HDM favored by 3 independent excesses in Higgs searches at ~ 95 GeV

0.14 0.16 0.18 0.20 0.22

I F 2N2HDI\/I ;I'ype IV
i " ‘| XHziggs S XSM,HiggS -
I | : Xoyy+r7-+bb < 3.53 ]
i 2 i
0.232 F VT Xaygproney S4 1
[ \ ]
b4
Iy
i { |
= I \ ]
) L | I i
0.231 F | ]
I L ]
v !
N/
| == Avrg. today CDF-2022 *+10
=== App (LEP) SM
0.230 F === ALg (SLD) ]
80.2 80.3 80.4 80.5 80.6
My

Remember: Ap goes up = My, goes up, sin? Ocfr JOES down
= agreement only with SLD value of sin? fg¢f
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4. Implications for SUSY [CDF / S.H., W. Hollik, G. Weiglein, L. Zeune '20)]

8050 | | 1T 1T 1 I 1T 11 | 1T 1T 1 I L | 1T 11 I I 11
- Experimental unc. 68% CL ]
- - - - = LEP2/Tevatron Light supirsymmetry i
| == This measurement ]
80.45 — —
;‘ - -
()
9 N i
; - -
E - —
Pas T Sa
80.40 0 . —
7 A Y
- 1 -
. v‘.,N«(\e“\.'
80.35 Heinemeyer, Hollik, Weiglein, Zeune '20 ™~
L1 1 1 | L1 1 1 I 11 11 | L1 1 1 I L1 1 1 | 1 11 I L1 11

171 172 173 174 175 176 177 178
m, [GeV]

Q: Can SUSY fit the new CDF value of My 7
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The Minimal Supersymmetric Standard Model (MSSM)
Superpartners for Standard Model particles

Standard particles SUSY particles

o Quarks a Leptans ’ Force particles Squarks .| Sleptons @ %E:{égrce

= SUSY partners for SM particles
= Important here: scalar tops and scalar bottoms

Sven Heinemeyer — FPCP 2022, 05/26/2022 27



Corrections to My, sin? 6.+ — approximation via the p-parameter:

p measures the relative strength between
neutral current interaction and charged current interaction

! _27(0) EZw(0)
—1_ A, Ap=—r" """

P
(leading, process independent terms)

Ap gives the main contribution to EW observables:

M ca _ c, 54
AMy = =W A, Asin? 68~ — SWW A
t,b 7'5:,'6
1% vov o/ A

22 %Y | | 2%

Ap>YSY from /b loops >0 = MYSY > MM

Sven Heinemeyer — FPCP 2022, 05/26,/2022
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Ap>YSY from £/b loops >0 = MzY>Y > MM, sin2 g2¢>Y < sin? 92

SM result for My, and sin? ¢

— full one-loop
— full two-loop
— leading 3-loop via Ap
— leading 4-loop via Ap

Our MSSM result for My, and sin? O

— full SM result (via fit formel)
— full MSSM one-loop (incl. complex phases)
— all existing two-loop Ap contributions

= non-Ap one-loop and Ap two-loop contributions
sometimes non-negligible!
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Effects of charginos and sleptons: [S.H., G. Weiglein, L. Zeune '13]

80.60

80.5

M,, [GeV]

80.4

80 301>MIMy = 125.6 £0.7 GeVv MSSM, HB allowed

SM! MSSM R
Heinemeyer, Hollik, Stockinger, Weiglein, Zeune '13

I | | | I | | | I | | | I | | | I | | | I | |

168 170 172 174 176 178
m, [GeV]
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Effects of charginos and sleptons: [S.H., G. Weiglein, L. Zeune '13]
80.50

80.45 |

M,, [GeV]

80.40 |

80.35 |

Heinemeyer, Hollik, Stockinger, Weiglein, Zeune '13 ™|

llllllllllllllllllllllllllllllllll

171 172 173 174 175 176 177 178
m, [GeV]
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The general idea:

1.
2.

What are the limits on the EW SUSY sector?
What does this say about My 7

scan the relevant EW SUSY parameter space

impose all relevant experimental constraints:
— (9 — 2>u

— Dark Matter relic density

— Dark Matter direct detection

— LHC searches for EW particles

Dark Matter relic density requires a mechanism to reduce the density
in the early universe

— bino/wino DM with chargino co-annihilation

— bino DM with slepton co-annihilation

— higgsino DM

— wino DM

obtain lower and upper limits on the various EW particle masses

= evaluate My,

Sven Heinemeyer — FPCP 2022, 05/26,/2022



Results for (nearly) all SUSY scenarios

A) bino/wino DM with chargino co-annihilation (M1 ~ Mo> < 1)

relic DM density 100% fulfilled

B/C) bino DM with slepton co-annihilation (M < Mo, 1)
relic DM density 100% fulfilled

D) higgsino DM: m-g ~ m-o ~m-+ ~pu (= My, M>)
X1 X2 X1

relic DM density as upper limit (otherwise Mo~ 1 TeV)
1

— m(N)LSP § 500 GeV

E) wino DM: M0~ Mot ~ My (Mo < My, 1)

1 1

relic DM density as upper limit (otherwise Mo~ 3 TeV)
1

— m(N)LSP § 600 GeV

= predictions for My~

Sven Heinemeyer — FPCP 2022, 05/26,/2022
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Prediction for MW: [E. Bagnaschi, M. Chakraborti, S.H., I. Saha, G. Weiglein '20-'22]

— | | | | |
[ coann. case-L

[ coann. case-R
- X* coann. (B-W)
80.40 F X* coann. (W)

80.41F

R A2

~ 80.39F E
e -
O, 80.38F My 2
% E R H ....................................................... _V[:_.:

= 80.37F

80.36

80.35 F

E | | | | | |
0.0 0.5 1.0 1.5 2.0 2.9

—4
ApMSSM x 10

= EW sector gives a large contribution to My,
= but far away from MV(‘:/DF = contributions from stops/sbottoms needed!
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My Effects of SUSY masses:

= extensive parameter scan:

Parameter Minimum Maximum

7 -2000 2000

Mg, = My . 100 2000

Mg, = My, = Mp_, 500 2000

Mg, 100 2000

Mg, 100 2000

Mp, 100 2000

Ac=A, = A -3 Mg 3 Mg

A, = Ag= A, = A, -3 Mg, 3 Mg,
Ay -3max(Mgp,, Mp ) 3max(Mg,, Mp,)
Ay -3max(Mgp,, Mg,) 3max(Mg,, Mg,)

tan g 1 60

M3 500 2000

M4 90 1000

Mo 100 1000

Additional (artificial) requirement: 2/5 < mgz /mz < 5/2
v J

[S.H., G. Weiglein, L. Zeune '13]

Sven Heinemeyer — FPCP 2022, 05/26,/2022
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Effects of stops: [S.H., G. Weiglein, L. Zeune '13]
= larger My, without (2/5 < mgz /mz < 5/2)
v J

80.60

80.55

2]

e

a

o
rTrryrrrrprrrrprrTd

80.40

IIIII|III|III|I-I-I|III|III|.I.II]III|III

200 400 600 800 100& 1200 1400 1600 1800 2000

80.35_

All points HiggsBounds allowed
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Effects of stops: [S.H., G. Weiglein, L. Zeune '13]
= larger My, without (2/5 < mgz /mz < 5/2)
v J

80.60

80.55

2]

e

a

o
rTrryrrrrprrrrprrTd

.....

80.40|——=

200 400 600 800 100& 1200 1400 1600 1800 2000

80.35"

@ mg, ,,mg > 1200 GeV
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Effects of stops: [S.H., G. Weiglein, L. Zeune '13]
= larger My, without (2/5 < mg, /mb <5/2)

80.60

80.55

2]

e

a

o
rTrryrrrrprrrrprrTd

80.40|—

.....

I nf;yr-/////// e
' {'/ ?-’/M//////

8035_I|III|IIIIII|III|II-I|III|I.IIIIII|I-I
" 200 400 600 800 100& 1200 1400 1600 1800 2000

.@® mgz > 500 GeV = stop/sbottom effects can give rise to M5PF!
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Final example: MRSSM [P. Diessner, J. Kalinowski, W. Kotlarski, D. Stockinger '14]

= minimal R-symmetric SUSY model (MRSSM)

— contains Dirac gauginos and higgsinos
and a Y =0, SU(2); Higgs triplet T

vp. vev of the triplet

= tree-level contribution to My :

Mz, 1= M%c\QN -+ g%vT

or equivalently
ptree ‘= 1 + 24?)% >
vi + v5

— easier to reach M‘SZVD':

Sven Heinemeyer — FPCP 2022, 05/26,/2022
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My, prediction in the MRSSM:

= point with small “genuine SUSY" contributions to My :

80.550
80.525
80.500
80.475
=
3
~ 80.450
=
= 80.425
80.400

80.375

80.350

o 1 o e o  — — — — — — — — — — —— —y—

— My for fixed M), = 125.25 GeV
—=: SM +2¢
==== 2021 world average +20

2022 CDF +20

1000 2000 3000 4000 5000
MSUSY / GeV

= large tree-level effects possible

Sven Heinemeyer — FPCP 2022, 05/26,/2022
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5. Conclusions

e MGPF shows a large discrepancy with the SM prediction
but also with other experimental measurements

e SM and BSM: My, can be calculated from u decay
Approximations: S, T', U or only o1 = Ap
= large Ap required to describe MGPF

e SM is inconsistent with MGPF < too low My required

e 2HDM/N2HDM: large BSM Higgs mass splitting needed
to describe MGPF

= possible, but then potential problems with sin? O

e MISSM: large stop/sbottom contributions can accommodate MVCVD':
— possible, but then potential problems with sin? 0 ff

e More work from ALL sides needed to clarify the situation

Sven Heinemeyer — FPCP 2022, 05/26,/2022
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The new 777~ excess

- CMS Preliminary
S ' '

138 fb™' (13 TeV)

10°F

95% CL limit on c(gge)BR(d—11) (pb)

—e— (Observed

-------- Expected _

- 68% expected ]
95% expected E

10°F
10°° =
- Low-mass High-mass
_4 | 1 1 | 1 1 1 1 1 1 1 1 | 1
10 70 100 200 300 1000 2000

m, (GeV)

Can you spot the excess? At 95 — 100 GeV7?

Sven Heinemeyer — FPCP 2022, 05/26,/2022
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Better visible here, focusing on 100 GeV: [CMS '22]
. 138 fb' (13 TeV)
2 [ CMS m, = 100 GeV
— asb g [ 68% CL
© "t Preliminary []95% CL
g_ N o= Best fit
Q
= L.l
e 2.5_
Q2
© 2:_
1.5:—
L
0.5:—
00_
= Clear excess of ~ 3¢ at ~ 100 GeV
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Now we have three excesses at ~ 95 GeV

EXP —
15 P =0.117 + 0.057,

corresponding to

Mfyfyexp — 06 :l: 02,

MTTexp = 1.2+0.5

/,ngp ~ 20, ,u?;p ~30, P ~240
Three (effectively) independent channels
— NO LEE (as theorist I am allowed to add naively)
=~ 430
(lutheo 0.117)2 (Mtheo 0.6)2 (Mtheo 1.2)2
X85 = (0.057)2 (0.2)2 (0.5)2

Can we fit all excesses together?
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N2HDM type II vs. type IV

X5 (Mois = 109, Kiypaes =85.77)
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‘\ % Best-fit point :

L 0.8 \\ ©  Xias < X125 L
Y :
= \ + Xﬂ%ﬁy—}—'r‘r = 0 3
U 1o ellipse for X5,y ~ §

Color coding: x%,5 from HiggsSignals

[ T. Biekotter, S.H., G. Weiglein '22]

X225 (Miobs = 109, XZnr 105 = 85.77)

87.5 90.0 925 950 975  100.0
|
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1 o ]

1.8 : E

& é

4 :
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L 0.8
&

-

0.4 * E’;est—fit point _

o Xiss < X%M,IZS

0.2 + X’QY’H—TT =0 —

. = 10 ellipse for X?yfy+77

o 02 I 06 08 T
iy

= only type IV can fit the vy and 77 excesses
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N2HDM type IV: fitting all three excesses: [T. Biekotter, S.H., G. Weiglein '22]

X%QE’, (nobs — 1091 XgM,125 — 8577)
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0.2

0'8.00 0.05 0.10 0.15 .20 0.25

= type IV can fit the ~~v, 77 and bb excesses
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N2HDM type IV: fitting all three excesses:

pp — hgs — vy

1.6 -— Observed
=== expected
14F expected +20

expected +1o

*

A —
2 P
Xoyy+r7+bb > 3.53
2 c
Xyytrriop < 353

oD
n]ln(\i-y'y+'r'r+bb)*
A2 580

Best-fit point

m [GeV]

gray lines: central values

= type IV can fit the ~~, 77 and bb excesses very
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