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Outline

* Type X (lepton-specific) 2HDM with a light CP-odd boson
A and large tg as an explanation of muon g-2.
Cf) A mini-review: 1511.05225

e Strong constraints from lepton universality testsin [ —
U'vw & Z - .

* LHC probe of the model: a light A mainly decaying to t7.
pp > h—> AA®) 541, pp>HOP A AA+X >4t +X



Type X (lepton-specific) 2HDM
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Ferreira, et.al, 1403.4736; 1410.1926
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Leptophilic 2HDM (L2HDM)

* Type X 2HDM at large tanf: extra Higgs boson couplings
to leptons (quarks) « tanf (1/tanp).

* Being leptophilic (hadrophobic), significant (negligible)
contribution to leptonic (hadronic) processes:

Elusive at the LHC;
B — Xy puts no bound on my,z for tg > 2;
B, — u*u~ not affected if my = 15 GeV.

* The Barr-Zee 2-loop can be enhanced enough for light A
to explain the muon g-2 anomaly:
Cao, et.al., 0909.5148

rong limits from | n universali
Strong limits from lepton universality Broggio, et.al. 1409.3199

inZ -l |- l'vw. Wang-Han, 1412.4874
Abe, et.al, 1504.07059
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Muon g-2 from two-loop

* A concrete 30 deviation: |Aa, = & — &5 = +262(85) x 1071

7 ,u

* Barr-Zee two-loop with a light A & large tanp:

GF m2 o
da?™M(2loop — BZ) = A2 N;@Q @ gi Tf)
g An2y/2 frim h H,A @

gn,m(r) <0 tan2 m%

QA(T)

Cf) For complete two-loop contributions:
llisie, 1502.04199
Cherchiglia, et.al. 1607.06292
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Limiting LZHDM for muon g-2

electron g-2
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* Formy, < my/2, the decay
h — AA needs to be

suppressed by Ap44 = 0.

h — AA7 2 2 2

a0} ApaaV = (1 + Sﬂ_ayt)mH —2mj — Sg—aYrMhp
Ahaa = 0 yl
il _ RS:y; = +1 = th < Vr
Xtv:1409.3199 | . ~
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Constraints from EWPD

" The “p” parameter bound on the split mass spectrum:

M3
2

1+ 1 drov 1
\/§GFA.-[% 1—Ar

« 2 plept 2\ .+ 2
sin® 05" = ky (M3) sin” Oy

M3 =

)
Ap2HDM A 2HDM _ Cos QW ) 4
sin’fy '

2
cos” by
OHDM
Ak; =+ +..,
sin“fy
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Generalized custodial symmetry
Gerard-Herquet, 0703051
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Vacuum stability & perturbativity

)\152>O, A3 > —\/>\1)\29 ’)\5’ < A3+ M\ +
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1
miy(miy — masn/ A/ Ag) (tan § — ()\1/)\2)1/4) >0 Mije = M+ §U2(A5 — M)

In the limitof tan 8 > 1 & sin(f — a) = 1,
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S Vanv  (WS)
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Lepton universality in Z decays

 Precision EW

measurements on Z

poles determine

* One-loop corrections
. ° V4 7 | +
mediated by extra Higgs ~~<_ & | H,AH
bosons can be sizable

for large tanp.

Lisbon 2016-09-09

LEP EWWG, 0509008

L2ZHDM EJChun@KIAS

r )
Z2RTE 0009 + 0.0028
Fz—}E'l'E_
T, i
Z=77T7 _ 1.0019 + 0.0032,
rf—i*e"‘f‘

with correlation +0.63
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L2ZHDM corrections

* Large corrections to Z — 17 at large tang:

_ 1 : — £
—L= izp{f“m(ﬂLPL + 9rPr)f + 3{—5 +sy)H O, H™ + Ad,H }

* Deviation from lepton universality:

on=Tgzo1-/Tgoete)—1

O =0,
_ 297 Re(d3g7™™™) + 2g5Re(dg7™™)

Hollik, Kuehn, 1991
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9HDM 1 mi, 1 1
bgr" = Jpaata — 3Bz(ra) — gBz(ru) - 20z(ra,mh)

+s% [Bg{u} + By(ry) + Cz(ra) + C’*Z(TH)] } ?
2
1 m
5QJE%I-IDM — ‘_|.5—2_2f {QCE{TA,T‘H} — ZCE(T'H:t ‘-"‘H:t) + Cz{:?'gi) - —CE(T“A — —CE{T‘H)

+53 [Bg{u) + Bz(ry) + 2Bz (rg+) + Cz(ra) + Cz(ry) + 4C7 (ryg+, ryg+ )] }

b
A, 1 1
Bz(r) = -2 — 7+ 5 log(r)
&E 1 1 @
Cz(ri,re) = = - 5/[; d:t:L dy log[ra(1 —z) + (r1 — 1)y + zy],
A

n % —r[1 +1log(r)] +r*[log(r)log(1 +r~") — dilog(—r~")]

—?W [1—2r+ 2r? log(1 + r_l}] :

Large correction for larger hierarchy: my < my = my+ and mgy > my
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Lepton Universality test by HFAG

* From pure leptonic
processes:

T—>evy T - Uvv T — Uvv

U—evw u—evw' T- evy

* From semi-hadronic
processes:
(t » v /K)
(/K — uv)

e Correlation matrix:
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) = 1.0011 = 0.0015

) 1.0029 £ 0.0015

HFAG, 1412.7515

Note) Only two ratios are
independent:

The redundant direction

should be projected out.

= 1.0018 = 0.0014

= 0.9963 £+ 0.0027

= (0.9858 £ 0.0071
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L2ZHDM corrections

* Tree-level contribution
from H:

* One-loop corrections

mediated by A, H, H: ,.,<
(T) _ T

ml tﬁ OU(H-I-)

Otree = K(ml /mr

8m Krawczyk, Temes, 0410248

S100p = 17:;252 < [H +55_q H (mH+) +cj_oH (mm—IL)D

(&) =1+ dluup: (Q_) =1+ Jt1'r_e + ‘j]uup (g_F) =1+ étrem
|:> Gu Je Ye
(&) = 1+ doop, (&) = 1+ di00p-
I/ Iu/ Kk
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Results

1 and 20 regions for
constraints from
the muon g-2,

Z and tau decays.

Poor yZ,;,,~12
for tau decay;
SM about 20 away

Allowed region larger
than in the previous
studies: 1504.07059,
1507.08067.
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Tau-rich signatures at LHC

e h(125) > AA > 4 tau
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Searchforh - AA - UU TT ATLAS, 1505.01609
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pp - AH(HE) - AA - 471

tan 7 = 1.25 (—) + 25,
GeV

Region A: my+ = my + 15 GeV
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Benchmark study

point A point B point C point D point E point F

ma |GeV]
mpy [GeV]

20 40 100 40 100 180
200 200 200 260 260 260

total ogey [fb]

270.980 241.830 153.580 100.430 71.271 44.163

ng > 3 6.606 16.681 21.713 7.110 11.962 &.822
n: >3 0.894 2.602 4386 0.888 2.346 1.971
Er > 100 GeV| 0.201 0.547 1179 0.209 0.765 0.926
ny=mn; =0 0.098 0.314 0.857 0.121 0479 0.631
S/B 0.1 0.5 1.2 0.2 0.7 0.9

LS‘/ \/§25f})_ 1

06 19 52 [07] 29 38
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Needs HL-LHC to probe the favored region
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Conclusion

* L2ZHDM with large tanf and light A is a viable
option for the muon g-2.

* Lepton universality tests in Z and tau decays
strongly limit the parameter space (my, tanf).

* No region is allowed at 10, but large region opens
up at 20, particularly, for my = m,+ = 200 —
400 GevV.

* [t can be tested through tau-rich signatures: h —
AA® - 4t (2u21); HOT A —» AA - 4t (2u271)
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