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Only one student from Japan. -

Sorry for that!

This does not mean that the collider physics is
unpopular among Japanese students!



What | do today

Interplay the R(D(*)) anomaly and tv

resonance search within a General Two
Higgs Doublet Model (G2HDM)

Result
We found the most stringent limit on the
interpretation with this model!
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Current status of R(D(*)) anomaly

Naively, H™ is a good candidate.

R(D®) = ER(E=Dm)
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Model

General Two Higgs Doublet Model (G2HDM)

* Simple extension of the scalar sector

* STU parameter is controllable

* Flavor violating Yukawa could exist in principle

Yukawa interactions relevant to R(D(*))

Additional particles
in G2ZHDM

005

Main actor today

Yukawa interactions relevant to R(D(*)) are Y, Y,

KAIST-KAIX Future Particle Accelerators




Stringent bound from BR(B, — 1V)

Diagram for R(D(*)) automatically contributes to B, — v

YiY:
my -
\N ¢ v |7
> e
3 7 2 oY
4G - -
Legr = ——FVcb[(ryﬂPLv)(cy“PLb) + Cx’ (TPLv) (€Pgrb)] + h.c.
V2
BR(B; = tV)sm = 2% Scalar operators have a large coefficient
~ 4
BR(B; — )= ,
m2
BR(BE — T\—/)SMX 1-— m-— (mbB-(l:— = )C
T C

Conservative bound < 60% 1811.09603
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R(D™) in G2HDM Cit~

4G _ _ 'S /= _
Lepr = — %Vcb[(ryuPLv)(cy“PLb) + Cg° (TP,v)(€Pxb)] + h.c.

Phys.Rev. D86 (2012) 054014 A. Crivellin, et al.

R(D) ~ R(D)S,\,{l + 1.5R,o[(';;?']+|(';;?'|‘-’}. R(D*) ~ R(D*)S,\,{l — 0.12Re[C'7 | 40.05| C;;?'|‘~’}

Large coefficient is necessary to enhance R(D*) in G2ZHDM.
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Large coefficient (large coupling) allows the collider search

ingent |

Into

Imi

l

H™ by the collider simulation.

We reinterpreted this |
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o XBrin G2HDM

Production b
4 flavor scheme c /

o X BR=

XH_|Y1|2 |Y2|2

3|Y1|2+|Y2|2

(H-

depending on H™ mass
o=Xy-1Y;|?

Branching ratio
Vv
BR(H™ -» mwv)
--------- v, _ %Rl
EETAEIAL
T

Combination 1:Y; = 1, maximizing denominator.
less events, weaker constraint.

Combination 2 :Y, = v/3Y;, minimizing denominator.
more events, severe

We set |Y;|,|Y,| < 1 : narrow resonance v search.
'(H™ - bc)~0.06|Y; |*my-,T(H™ - 1v)~0.02|Y, |>my-,then T'/my-<0.1
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R(D*)

Heawer H , more severe constramt
Result
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Better sensitivity for heavy tv resonances: experimentally Tv
resonance search for W’ is more sensitive to a heavier

resonance because of the low background from W- 1v.



Summary

We found that tv resonance gives more stringent
constraints than Br(B, — tv).

It is difficult to explain R(D(*)) with a charged scalar
Heavier than 400GeV

An interplay between flavor physics and collider physics

IS Important.
We also analyzed bounds for W’z see back ups!

Now LHC Run 2 (pp) finished

e 150 fb! data. 4 times larger than|36 fb

Our bound can be improved soon.

* The bound for a lighter resonance (less than 400GeV) is helpful!




Good news

s B Physics

e CEPC (10'2 Z) Belle Il (50 ab~! @Y(4S)
& 5 fb! @Y(5S))

B*/B° 6 x 100 3 x 1010 3 x 1013

LHCb (50 fb1)

B, 2 x 1010 3 x 108 8 x 1012
B. 108 s 6 x 1010
b baryons 1010 10%3

T T T T

FCC-ee| 1

” * Yield matches or exceeds Belle but is below LHCb

X
o
L
|

“+ Advantages:

— B’s are produced back to back and with predictable
momenta

e
o
o

L

|

o]
o
TT T

1000 B -K*O1+T- ‘

D
o
TT T

' ~ + Tau decay modes might be accessible

— B—KtT with 3-prong tau decays allows 4 vertex
positions and thus full mass reconstruction

— B.,—1Vv

Events / (0.02 GeV/c?)

40f

20F

6 62.5
2 g8 Mg, GeV/e
L 7/8/19 Daniela Bortoletto, KAIST-KAIX Workshop on Future Ci d

Slide by Daniela on the first day
The upper limit on B, — v from a future lepton

collider can test the scenario!



aArgL o,

Thank you

Back up

* W’ case
* Other tensions; P’ anomaly and H™



Selection cut

o exactly one 7-tagged jet, satisfying pr, > 80GeV and |n,| < 2.4,
o 10 isolated electrons nor muons (pr.,pr, > 20GeV, [n.| < 2.5, |n,]| <2.4),
o large missing momentum Ky > 200 GeV,

o and it is balanced to the 7-tagged jet: A¢(Hp,7) >2.4 and 0.7 < pp./Hr < 1.3,
where Ad(Hr,7) is the azimuthal angle between the missing momentum and the
T-]Jet.
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Table 1. Predicted ranges of the polarizations for Ro, S; and Uy LQ models (pr,q = 1.5 TeV), which
satisfy the current 1o data of R, and the bound of B(B — 77v) < 0.3. The SM predictions,
the current data, and the expected sensitivity at Belle IT with 50 ab™! data [59,65] are also shown.
The sensitivity for PP is absolute uncertainty while the others are relative.

FP” PP o Rp Rp-

Ry LQ | [0.43, 0.44] [0.42, 0.57] [-0.44, —0.39] 1o data 1o data
S1 LQ | [0.42,0.48] [0.11,0.63] [-0.51, —0.41] 1o data 1o data
U, LQ | [0.43,0.47) [0.23,0.52] [-0.57,—0.47] 1o data 1o data

SM 0.46(4)  0.325(9)  —0.497(13)  0.299(3)  0.258(5)
data | 0.60(9) . ~0.38(55)  0.407(46) 0.306(15)
Belle II : 3% 0.07 3% 2%

1811.08899 Syuhei lguro, T. Kitahara, R. Watanabe, Y. Omura, K. Yamamoto.
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Constraint for W’  seealso M. Abdullah, et al.1805.01869

Vector (couple to left handed or right handed quarks)

We assume following operators. A Celisetal. 1604.03088
G. Isidori,et al. 1506.01705....

Lepr = — 4GFV b[(l + CL’V)(T)/MPLV)(C)/ PLb)]
Cr’ (Ty,Prv)(cy*Prb) +h.c.

v

R(DW) ~ R(D(*))SM{H -G [P+ |C;QV|2}
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Left handed vector charged current

R(D(*)) ~ R(D(*))SM{ll 4+ C}/V|2 + ‘C%V‘Q}

20, 12 :
+ + |(]| |.(]T’ o T
olpp = V) x Br(V*: — 1v) = g¢(my) X = go(my) X g :
3|9]* + |g-|? 3 <k
Q=Rf My’ [GeV]
i BaBar = 500
0.34_’
0.32| Belle Pt i
| handed x ' R handed
ande [ F .
— ! Combination 1
Combination 2 o 0.3
0.26_- -
0.24 l—— '

Combination 2
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Resu It the heavier W’, the more severe constraint.
heavier lighter
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. . W’: difficulty for building models
discussion Y 8
SM like flavor structure is not favored. See left fig.

b V. v_=0.04 suppression exists and requires large g’

\ LA T-parameter requires Z’ with my,= m

qv, g P q W’ z

/ Then, there should be V_, unsuppressed
C T pp>bb>Z 1T AGreljo,et al:1609.07138

We need extended gauge bosons with
an exotic flavor structure and lighter mass.



Simultaneous explanation can be ?

» R(D™)=BR(B - D®1v)/BR(B - D™Iv)

* muon g-2: 6au Omura, Senaha, Tobe: JHEP 1505 (2015) 028

e P'c:angular observable in B - K*uu

» R(K®)=BR(B » K®pu)/BR(B -» K®ee)

R(K®)| B | R(D) |R(D*)| ba,
(B) Pe 7£ 0, Pv = 0
| X | x | x 10
el x O 1 O | x | X
pu| X % | = E | ©

KAIST-KAIX Future Particle Accelujtgrg 1805 (2018) 173 SI; Y Omura

O:

or

XX0XO0

within 1o




Constraint on the coupling plane
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The latest paper of us

We found that G2ZHDM can not explain the deviation
ing’/ e.

(el/e)cxp - (166 e 23) X ]_0_4

(€'/€)sm = ((1 —2) £5) x 1074,

See our paper or ask me for more detail!

1. The direct CP violation in a general two Higgs doublet model
Syuhei Iguro (Nagoya U.), Yuji Omura (Kinki U., Osaka). May 28, 2019. 20 pp.
e-Print: arXiv:1905.11778 [hep-ph] | PDF

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service
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OU [ MOde‘ Neutral Scalar

UH =u,d,e,V)
Particle set in G2HDM el foRf(f uf Y

0oenn <
f
09@ Em Charged Scalar
(Vermpa) VHuldh + (Vimp) TH diuj
000m:
e Lyl o Jwii

KAIST-KAIX Future Particle Accelerators




Model: G2ZHDM

Yukawa couplings between a neutral scalar and fermions

ii

f y}flij SBocSU + \/—CBou
i f .
CD=h,H,A —lp—f forf =u
o) f =1 3
- ~ 100y Pt Yoj L) | + % forf=d,e,
L 2
f]' £ mif pifj
Yhij = TCBaSij - Essa
Yukawa interactions relevant to R(D(*))
u,d Q
c C
I_-I__>. V P, — '|'V P cb pr tC*P \‘E_I_
< (VekmPaPr — PuVekmPL)® = pg PR — pu PL /\
b = ’

- Vi Yukawa interactions relevant to R(D(*))
P < x ( klliﬁISpe ) (pu 'pdb) X(pe 'pe , pe )
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BaBar had. tag
0.440 £ 0.058 +£0.042

Belle had. tag

0.375+0.064 £ 0.026

Average
0.407 £0.039 £0.024

PRD94,094008(2016)
0.299 +0.003

FNAL/MILC (2015)
0.299+£0.011

HPQCD (2015)
0.300 £0.008

HFLAV

| I |

»

Hadronic tag
T - vV,

0.2

BaBar had. tag
0.332+£0.024 £0.018

Belle had. tag
0.293 £0.038 £ 0.015

Belle sl.tag
0.302 +£0.030 +0.011

Belle hadronic tau

Hadronic

T = vyl

L ]

0.270 £0.035 £0.027

LHCb muonic tau
0.336 +0.027 £ 0.030

LHCDb hadronic tau
0.291 +0.019 +0.029

Average
0.306£0.013 £0.007

SM Pred. average
0.258 £0.005

PRD 95 (2017) 115008
0.257 £0.003

JHEP 1711 (2017) 061
0.260 +0.008

JHEP 1712 (2017) 060
0.257 +0.005

HFLAV

T - fvpvp
Hadronic tag
T = TV, PVr

-

T

R(D*)

Slide by Kodai Matsuoka(KMI)

KAIST-KAIX Future Particle Accelerators

tag

Semileptonic ta




A
Prospects
gl T T T T T BEERE BEREE [ 100
< =0 NP discovery
w | _ I'(B-»1tv)
‘s o Int. L Ry = [(B=uv) P
¢ [l RO)RD)5c L /]
- 140
ol ¥ Si ]
S| iege il LT
. I B - D™ty ¢? distr. ™ s
c 4 and polarizations 1 9
" | ol 120 %,
§ :FirstshOtEB—)w56 a g A R "
» 2= B - uv3c ) T A ICHEP 2016 Preliminary .
© -[R(D*) first result 0‘45;_ et B
()]
o B | S e l l [~ —— World Combination ]
Ol ft — —_— —_— 0.4+ . SM prediction: PRD92 054410 (2015), PRD85 094025 (2012) —
ohg"es 1/1/2021 1/1/2023 1/1/2025 1 . -
1/1/2019 0.351- -
Slide by Kodai Matsuoka(KMI) ] o 3
0.25F .2 =
B 1o contours 7
02"...1..“|...1|.1U[...111L“s..“1...ﬁ
' 025 03 035 04 045 05 055 0.

: R(D)
B2Tips

KAIST-KAIX Future Particle Accelerators



