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Introduction



M,,, measurements

Overview of m,, Measgrements (Matthias Schott)
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Predicting My, in the SM

Vu
1. Measure Fermi constant G via muon decay. .
'u_ e
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2. Relate My, to G via QED corrections
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Loop corrections
3. Extract MjM via iteration.

M — 80.357 + 6 GeV

Theoretical calculation/prediction is more precise than experimental determination; no large
shifts expected.



New physics in My, ?

How can we shift My, w.r.t. the SM value? CDF paper has already 82 citations...

* Change relation between My, and G at the tree level:
* Extensions of the SM gauge group: Z’, W' models, ...;
* Extensions of the SM Higgs sector: Y = O triplet, Y = 3/2 quadruplet, ...;

* Change relation between My, and G at the loop level:
» Extensions of the SM Higgs sector: 2" doublet, Y = 1 triplet, ...;
» Additional fermions: 4th generation, vector-like fermions, ...;
e Leptoquarks;
* SUSY;
e Change relation between muon lifetime and Gp:
* Right-handed neutrinos;

Focus of this talk: My, in the 2HDM



My, in the 2HDM



The 2-Higgs-doublet-model (2HDM)

Focus first on 2HDM type | in the alighment limit (similar results expected for other types/models).

Voo (91, ®2) = mi, [0y + m3, 0L, —md, (@@, + ofe, )

1 1 1
+ SM(@]01)? + S2a(P]82)? + Aa(®]D1) (Do) + Aa (B[ 8)(@101) + S A5 ((qf{cpz)? + (q>;<p1)2) .

2 Higgs doublets — 5 physical Higgs bosons: CP-eve;‘h, H; CP-odd A; charged H=.

SM-like Higgs boson
* Convenient choice of input parameters: my, my, my, m 1, tg = tanf = v, /vy, M = my, /(Spcp).

* Higgs masses are related to As via: mf = M? + ¥, ¢;jA;v?



My, in the 2HDM

Non-SM one-loop corrections to muon decay result in
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Restoration of custodial symmetry (i.e. AMy, =~ 0) if my = my+ ormy = my+.

Is this compatible with other constraints?
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2HDM parameter scan

We checked for:
Vacuum stability and boundedness-from-below.

NLO perturbative unitarity.

SM-like Higgs measurements via HiggsSignals.
Direct searches for BSM scalars via HiggsBounds.
b-physics constraints.

Most constraints checked using Scanners.

Loop corrections affecting My, will also affect other electroweak precision observables.

Calculate electroweak precision observables — My, effective weak mixing angle sin? Héﬁf, Z
decay width — at the 2L level using THDM_EWPOS [Hessenberger,Hollik,1607.04610].



Scan results — EWPOs
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Scan results — 1L vs. 2L

2HDM type-l (o= 8 —m/2)

 p—

0.15

0.10}

0.051

M 1GeV]

2L,non
w

AM,

0.00

—0.05¢1

—040350780.375 80.400 80.425 80.450 80.475 80.500
MW [GGV]

Two-loop non-SM corrections important for precise results.




Scan results — mass hierarchies

2HDM type-l (a = 8 — 7/2)
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Implications for LHC searches



Bosonic Higgs couplings

* Fermionic decays modes of BSM Higgs bosons comparably well explored.
e But also bosonic decay modes are important (a: mixing angle between CP-even Higgs bosons):
9(ZAh) x cg_o, G(ZAH) X s5_4

g(HEWTFh) < cg_0o, gHTWTH) x 55_o, g(HTWTA) = —g

« In the alignment limit both the ZAH, HY*W TH, and HEW ¥ A couplings are maximized.
* Mass hierarchies favored by CDF My, measurement allow for H¥ - W*A/H or A/JH - W*H™ decays.

* Focus here on H¥ - W*A/H decays.



Bosonic Higgs couplings
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mmm)  Very large BR(HY » W*A/H) expected if decay kinematically allowed.



H=* production at the LHC — pp — HEtb
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H=* production at the LHC — pp - HTH/A

Not suppressed by tanp.
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HZ production at the LHC — pp - HTW ™

b H*
hiy, A
b W+

(a) bb initiated (non-resonant)
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Existing charged Higgs boson searches

Production process Higgs decay Final state  # of exp. searches
pp — H*tb H* = rv, tb(Tv;) 5
pp — H*tb H* — tb tbtb 4

pp — tt,t — HTb H* — cb tbch 1

pp — tt, t — HEb H* — cs tbcs 2

pp — Hqq' (VBF) H* - W*¥Z  W*Zqq 3

pp — tt,t - HEb  HT - WTA  tbWEputpu~ 2

pp = H— HEWT  HT 5 W*h  WTWThb 1

Do these existing searches (as well as other constraint) still allow for large Hf - W*H /A signals?




Benchmark scenarios for bosonic charged
Higgs searches

Concept: define (my 4, m,+) planes with sizeable unconstrained H* - W*H /A signal.

* Take into account all experimental and theoretical constraints.
* Benchmark scenarios cover different mass ranges and different decay modes of H/A.

Benchmark scenarios:
* cH(Whgsym) scenario — exact alignment, my = myz, type |.

* cH(WA) scenario — same as cH(W hggy) scenario, but hggy < A.

e cH (Wh]fgpsfllvc[’b) scenario — approximate alignment, fermiophobic hggy, my = my+, type I.

e cH (Whggrl\l,lt) scenario — approximate alignment, light BSM Higgs, m, = my+, type I.

e cH (Wh]lgpsﬂl) scenario = same as cH (Whggrl\l,[t) scenario but in lepton-specific 2HDM.



cH(W hggp) scenario
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cH(WA) scenario
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Conclusions



Conclusions

* Many BSM models can accommodate M, measurement by CDF.

* Should check for every model that this is still consistent with other constraints.

* We showed that the 2HDM can explain the CDF My, measurement while still satisfying other
constraints.

* CDF My, measurements favours large mass splitting between neutral and charged Higgs bosons.

 The 2HDM explanation of the CDF My, measurement could be probed by LHC searches for H —

WEH/AorH/A - HtWT.

Thanks for your attention!
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My, in the 2HDM — correlation with k; ?
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2HDM types

Type ur dr IR Auw Add Al
I + 4+ + cotB cotp cot 3
II + — — cotB —tanB8 —tanp
Flipped + — 4+ cotB —tanf cotp
Lepton-specific + 4+ — <cotf8 cotf —tanp




Benchmark scenarios

2

Mhyos mpg+ Mhgsm ma mis

GeV] [GeV] [QeV] [Qev] ClhmsmVV) tanf o gy
cH(W hgsm) B 65-200 My 500
cH(W A) 12509 150300 o 65-200 0 > 5000
CH(Whisrr) 195 gg 150300 65-200  mpe 0.2 Eq. (26) 1200
cH(Whgd) "~ 100-300 10625 mpe -0.062 166  Eq. (33)
cH(W hign) same as cH(WhE) but in the lepton-specific 2HDM




cH WhBSM
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cH (Wh

fphob
BSM

20.0

) scenario — tuning
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cH (WhBSM) scenario— tuning
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[phil .
cH WhBSM scenario

BR(H * =W * hgsm) o(pp—tbH * -tbW * hgsm) o(pp—H * hgsm—>W * hgsmhgsm)

20 40 60 20 40 60 20 40 60
Mp,., [GeV] Mp,., [GeV] Mp,., [GeV]

BR(hBSM - T+T_) ~ 1



