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Introduction

b - ¢ anomalies
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0.3 __ __ % ¢ observed < stat. + syst. unc. .
- - % 10° |
E LHCb® ;
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0.2  +HFLAV SM Prediction R(D) =0.342 +0.026,,,, — RU/W) =017+ 0.33 (stat. + syst. + theory)
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Interpretation of Data (1)

* Weak effective Hamiltonian at u = 4.8 GeV
» Observables

4G e?
H = ——=VVi—— > (CiOi + C]O}) + h.c.
V2 167 . » LFU, Branching ratios, Angular obs. in large recoil bins
* The set of operators ( /=, e) > LHCb, CMS, ATLAS, BaBar, Belle
m 1% / 14
07 = eb(SU;LuPRb)F“ 07 eb (S0, PLb) F*, > Inclusive decays, Exclusive radiative/(semi-)leptonic decays,
Os = L0 (50, T Prb) G, Oy = S22 (55, T PLb) G,
¢ ) ¢ ) » Total: more than 200 observables
Oy = (57, PLb)(17"0), Oh = (57, Pb) ((4"0),
O10 = (57, PLb) (04" y50), Olo = (57uPrb) (€4"750), » NP Scenarios
Os = my(3Pgb) (£0), O = my(5PLb)(L0), §Scenatg)cz-l: muon-specific \
_ AC =0
Op = my(5Prb) ((v50), Ol = my(5PLb) ((y50), 9.10.5.p
[ 5 o D) (To ), 5 e D ] » Scenario-ll: lepton-universal
= (5a""b W 5 = (SO “b)(lo w58 ). (l)‘u _ (,)e
: i - Confirnied :o be negligible AC9’10’S’P B AC9’10’S’P
. > io-1ll: | - ifi
. New physics effects: Scenario epton-speci .|c
Only AC; and ACg vanish
DeV|at|ons from SM Wilson coefficients > Scenario-IV: full scenario
! Zf’ / Zf’ \ .« o /
C( 4 AC( ) C( ) _ C( ) All coefficients allowed .

i:NP — i i;SM

‘--_



Interpretation of Data (2)

Params ST s s-r SV S1 S-I S-II S-IV ADCMN [23] AS [24] HMMN [25] GGILCS [26]

Reduced y? 183.404/(n-12) 197.556/(n-12) 182.869/(n-16) 176.807/(n-20) 190.044/(n-12) 177.891/(n-12) 185.386/(n-16) 178.953/(n-20) 260.66/(254-6) 179.1/(183-20)  96.88/90

2. /dof  =0970 = 1.045 = 0.988 =0.977 = 0.995 = 0.931 = 0991 = 0.978 = 1.05 =11 = 1.08

AC, —0.003100%  —0.00170412 0.001%081¢  —0.00070%0  —0.0013301 —0.0001501 0.00:05% - 0.0679%

AC 00174555 00205055 00201505 0.017:029  0.020+001 0.02370014 4000702 ... ~0.01-99! » We carried out a 20-D fits

ACs -0.78810%;  —0.8857035% o —0.7731045  —0.995+0340  _0.gp1 10443 = —0.773+043 e o ~0.8079% e

AC, 00T 009VEE o 00N _gosof@ 00767 o 028 S N

AC -0.806503]  —0.7957071  —1.06810100 08631037 —0.75202% —0.789100%  —1.054/01% {—0?’!2_"5"5? —LOSHME 02402 1143018 _107+02 > Both old and new fits imply NP

ack 01947095 00567038 01127055 0.020703% 0.17470834 004870338 0130724 © 00887232 | 01603 010103 00508 03293 o

ACY, 02367078 0.145°01%  0.164F0N 02131008 _g019r08 1631018 a0t | g 10018 | 015 +014%0F  02179% 021741 exists in AC 9 in various fitting

ACY, -0.0967033 —0.1087015  —0.1150TE  —0.089'0170  —0.118702%0  _0.09340/8  —0.115%22% |-0.06240% I -0.1879% -03379%  -003791 —0263%1% .

ACS 0066111 —000471  -0.008%055 -0043%058  0023'1% 0060115 —0.066103% | 0009704 0.01-003 scenarios

ACy 0.065%} 7% 0003I{% -0.002505 -0.059%05) 00147 %¢ 006145 —0.070:993 | 0.012:953% | -00179%8

ACh 0167772 LOL7A00R  0.0925%8 017030 0.079' 113 0478108%  0.1891108 T 01241052 | —0.04.0% . '

ACK 0.0531118 08917072 0.0105%  0.0400%¢  _0032+58 0370708 0.09871% | 0.038708 | 004702 » Both old and new fits imply: NP

e —0795 530  —1.753507n  —1.55145 —0.789%0500  ~1.6231095 |-1.511.035; I possibility in ACY isless ho peful

ACY 0.056:03%8 17251172 17101408 0.048703% 100011610 o 0.86411483 10

ACi 0.14571%  0.108%55F  0.05815:% 0.1631016 0555792 03837930 | —0.247078

ACH —0.1082045  0.60011208  0.655745; —0.093'315  0.088:05% ¥ 0.00210% |

ACS —0.004715  —0.7191 188 —0.54971 4% 0.0601 1188 0952212 |_0.806"19% I -0.38734]

ACk 0003 11%  -0.699 57 —0.550+ 48 006111358 —1.0511333! |-0.8031!7¢ -0.36.935 - ACH=—0.872+£0.215, AC{ = —1.51170%1

ACS, 10177073 150071352 _| gggt] 366 047870308 _1 568t]54 |—1.337_'5;§§g I 098293 ACY, = 01715073 ACT, = 038375051,

ACE 0.8917078  —1.3601171  —1.4317131 03703085 L4775 " 1.65253% ) 095793 o ‘
Before Dec. 2022 After Dec. 2022 C = 0.009°G835, C§ = —0.8067 13, C¢ = 0.012435, C§ = —0.8031] {5}

Cp = 01247038, Cp = —1.8374 5%, Cp = 0.0387541, OF = —1.652 5300

Q.Wen & F. Xu
[PRD 108 (2023) 9, 095038]



Ordinary 2HDM

—Ly =|QY (V'@ + Y5'®o)d} + Q% (Y ®1 + Yy'Po)ufy
+LY (Y{®) + Yy ®)el + LY (Y7 @1 + Yy o)y + hec

— Ly = ur Myugr + CZLMddR + ZLMng + v MyvRr + h.c.

~ ~ 1
My = U}LMfoR, My = E(UIYJ‘FWYJ)
Model ub d. el Y!=0
Type | @, @, @, (V2. 755
Type II b, P P .Y )
Lepton-specific (type X) @, D, D1 (75717)

Flipped (typeY) @, D1 ) (Y1)




Model Introduction

—Ly =

QY(Y{'®1 + Yi'®o)dfy + QO (Y] P + Y3'Pa)uly

+LY (Y{®1 + Yy o)

—|— L_%(Ylvé]_ —|‘ quiz)l/?{ ‘1‘ h.c.

— Ly = ur Myug + JLMddR + ELMng + v Myvg + h.c.
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U(1) Symmetry: The Guarantee of Yukawa

Gb N be _ e’i@quqb

Anomaly cancellation condition 2 model parameters
[ : Qun = ~Qun = 5 Q= ~ M)t
XQL = 5 QuR + QdR 7XUR = QuR ) YR dR 3 iR 'R 3
Qi + 9y Qip 1 5
o t t QTL — QdR—i_BQﬂR’ Q,LLL — _QdR+6QJU'R7
dr
1(Qu, — Qun 1 0 1
X, = Xp == . Xg=5(Xo, — X)), = = —
i Qn 9 T2 Qi — Qug ’ 2( ! v QEL — §Qdﬁ! T Q#R: QTR = QQdR + SQMRa
dr
4
Qe Qe QGR — 7QdR - gQ‘uR
Xp, = Q;LL KXo = Q;LR Xy =0
Qr, Qrr

‘ x % 0 000 * K % 000
W= |awo |, ¥=]000], ¥H=|=ex|, ¥=|n00
000 00 = 000 * % %

Extreme case:
flavor universality: Qs, = Qs,

U

Qup = Oty = Qpup = 3Qu,

000 00 000
Yf=|0x0]|, Yf=]000]|, YY=]|000]|, YV=0,
00 % 000 * % X




Scalar Part

Xo — 1 Qur — Ly
2 QtR - QdR

A
V(®1, s, 5) = m2, @1 d, + m2,0ld, + é(@{@l)z + 5(@3@2)2
+A3(D]D1) (D) o) + Ay(RT Do) (2] ))
+mg[S[P + As| ST+ w1 @1*[S[* + k2| Bo|*[ S

Fri (P D252 4+ LD (S7)?),

, A v? — %&3:’)—31)% AsaU1¥2 + L3030 01

L,= D) (pl: P2, So ) A34V1V2 + %fﬁﬂg AoV3 — %ﬁisf,—;’b‘?g 0 P2

0 0 sz | \ s
Gt ::ll: G T H P1
(H:I:) =0 ( 2i) , |G =0 m | | R |=Us|p
Ha X0 Hg S0

= (67, (pi + imi +v1) /V2)

(vs + 80 +1ix0)/V2.

2,2
2 v Vs
Mas = Mo = Meo = U, Ha 21‘-63 (4?)1’1)2 + 'U1’U2)
1 K02 v%
my. = —— (Ao ),
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Kinetic terms (1)

Scalar kinetic terms:

Las = (D,®))" (D'®y) + (D,®,)" (D*®,) + (D,S)' (D*S)

e (Gauge bosons mass:

L:fn:(BWBZ’)M W3 :(AZZ’)Md Z

1
M, = g(g? +) | g
+

Koz

Fermion kinetic terms:

lim pl, =
foon’ &0

i

A
ZI
1+40 F (49 - 1)3/1+ 45
2
1+46F (46-1) (1
2 46

Lrg = 0,i4" DL, + 3,19 Dyg, + Cyin" (aﬂ —igYB, — ig’QgRZM) ‘

+ u iyt (8” — 1Y B, — inguRZAH) U, + J’R@'q/ﬂ (8H —ig1Y B, — ig’QdRZu) d’R.

A B
Z |=U]| w3
VA 7

cos Oy sin By 0
_ T 7T . .
U=U;,U,;=| —sintycost, cosfy costly sind,

sin Oy sin @, — cos Oy sin ) cosd)

A =sin (Q cos 37 + Qysin 57)
§ = sin? E(Q? cos® 3 + Qg sin? 3 + 'Rng)

) |

2 '
i ? W G G S11 .
! . v Q‘f"’gﬁ 5 A /g%+g,§

10



Kinetic terms (2)

2
L= %m (@ (VCK@ — NiVoxuPr) d+ 7 (VeunsNePr — NiVeans Pr) 4] + hec.

W_ B
+ - [sin(a — B)M; — cos(a — B)Ns| hf f — % [cos(a — B)M; +sin(a — BINs|Hff  FCNC:

N, = _U_2 diag(mu» mc:O) + U_l diag(O, 0, mt)’

7 - 7 _ ) _
b L [N B - £ [UBN] B+ (VAN Hyit, n T
’ ’ ’ [ (Na)ij = *E—I(Md)ij + (v_l + ,U—Q) V;-];Vaj(Md)jj]
1 >
= ﬁU}L(mYJ —©Y{)Usr| vanish in SM limit N =y M

Ne = — 2 diag(0, mu, my) + —diag(me, 0, 0)
U1 U2

Lrc = eQrAfYf

0, SM-like: cos#y — 1

g2 COS . . 2,

W Z,.f [(I} — Qysin® Oy )y* Pp — Qg sin® Oy Pg| f Q.LL_g[Q Moo ] o)

Qi + Qa
SlIl 9 . . 1 ler]* ejes cies Qun \ )

_% L2y f [(I? — Qysin® Oy )y* P, — Q; sin® HW'}«“PR] f FCNC: Q,,,Fg(g,,,ﬁgd,,)( | ]%@,,,Qu,,) ( o cz) .Q..R=( o, J

cos By 1 e 58 e %))
mwmmmmmm 1 Q., Qp
+g SIHQQpr [QfL")’“PL + QfR’}’“PR] f Q=2 ( ! ] Q;( Q ) QR( 0 )

1 Q Q
+ g cos 042, F Q" Py + Oy Pl f, O = Ul XU (i i, 13123
R B T T T W P AT, B AT e e AT A T WA R W
Qfr = Ulp X rUsnr,

11



Phenomenology: b =c¢

H = 2v2GrV, [(1 4 Cy, ) Oy, + Cy,,Ov.. + Cs,Og, 4+ Cs,O0g, + CrOr] + h.c.

OVL,R = (E’)’”PL’RE)) (E’}’MPLV), OSL = (EPLb)(g_PLV),

S. lguro et al., Phys.Rev.D 110 (2024) 7, 7

Og,, = (¢Prb) (EPLV); Or = (EJ“VPLb)(EJ#yPLV). C. Murgui et al., JHEP 09 (2019) 103

» Formulas » Model
Rp = R [1+1.01|0% + C32 > + LAIR[CT + CT*],
D D [ | Sy, SRI [ S, Sk H d FGZHDM:
SM 3 73 |2 T3% T 3%
Rp- = Rp! [1+40.04CF — C3|* — 0.1IR[CE* — CFH]] P =- ﬁi: (N 1-“',:15:“]z:i[JV;}ljf/(—ZEEGPHJ.}
* * Rp- o T 73| T3 T3% L
F" = Flsu (RTDM) x (14 0.08|C5 — CZ2 [P — 0.25R[C5" — C3)) , ( mam, tan’F )
Rp ! k _Jm}" D,
D* D* * T3 T3 |2 T3% T3% . . B
P =Py (R?)M) x (1-0.07|C5, — C [P + 0.23R[CE" — CEY]), C3 = W{H-ucm:""ﬂ:]m[f\'f}:gf': 2V26G Vi)
' M+
/ T Te T3 T3 ( repTH - 2 . )
Ry = R, x (1+0.04CF — CEP —0aR [C3 - CFF]) = ”:'2 tan? 3.
SM < 732 732 < T3% T3% T3 T 3% i o
Ry, = Ry x (14032 (|CZ ]2+ |CE[?) + 034R[CT] + 0.50R[CF] + 0.52R[CF CL]) 2HDM-II:
_ _ & (T T34|2 a i
B(Bc — TU) = B(BC — 'TI/‘)SM X |]. - 43&(0:;,3 - Cg;)| s CS p=-— m zm.‘ N CS- P=— m {_}mF tallz ﬁ
- 3 3 2 4 Mgy Mgy
B(B, — 1) = 9.30 |1 + 3.85 % (CT} — CT})|w|” x 107,
> d t Chuan-Hung Chen et al., Eur.Phys.J.C 77 (2017) 9, 631
> Input Quadran
Rp: Y. S. Ambis et al., PRD 107 (2023) 5, 052008 FG2HDM |2HDM-II
F}": 8. Hirose et al. (Belle), PRL 118 (2017) 21, 211801 3
PP 8 Iguro et al., PRD 110 (2024) 7, 7 CSL + -
Rt 8. Iguro et al.,, PRD 110 (2024) 7, 7 CTS ) ) 12
Ry : F.U. Bernlochner et al., PRD 107 (2023) 1, L011502 Sk




Phenomenology: b ->s

+ p— A¥Z = ¢ sin 0, Qqr,
b—st™?¢ 7 oot
I =g cos0,Qur,
]. ]. 7! ' 1 s _1 -g cos @ 1 . VY arameterS
AC, = _ﬁ lm2 AEE,Z Rzt T W'A?J szee] BZ — ; _505_9; (_§+2sm2ew) +g Slnez(Q£L+Q£R):| , E charge
7 A 1 [gocosd, 1 b ’
AC \ [ : gz, 1 AszBZBB] Yol (_5) - Sm"ﬂ(gﬂ—gm)] | - 2. g'/my
10 N |m2, L ®s mZ L ~5 BZ’M:% __f;:;r;f% (—%+2sin2 GW) +g’cos9£(QeL+QeR)]7 3. Sin@é
ACEL = ACY
1 2+/2 Ve 1 1
=¥ \/_sing L {(m%{ - m_i) [sin®*(oe — B) N, + sin(a — B) cos(a — B)M,]
1 parameters:
+m_§N‘"} memeeefp 1. heavy mass
1 2V2GFVy Vi 1 2v2GpVyVy: 2. sin(a —
AChH = —ACE = ——w [U2)° Ny = ——@Ne. (@=F)
N m¥, sin2p N m, sin23
—0
B9 — B, mixing
g? (sin?@, cos?6, .
ACVLL = I ( mgz 2 + mz’ (AQ) (L’;bv;.s) /NBB:
1 [ cos?(a— ) 31112(04 —B) (U7 1
R L _ Yy L 2
Alsur, = —Alsmn = =13 ( m2 m, m, ) (2+ tanzp TP ) parameters:

ViVis)” / Npg, ey mass
( b / BB L Sin(a_ﬁ)

2
my m¥,

ACER = _32 (COSQ(Q ) Slng(a;_ B) N [U'?l]z) (2 .

ms V;:bv;s /NBB;

1 2

tanf

13



EWPOs & Higgs decays

» EW model parameters
gl =I{ — Qrsin®bw, gl =1,

0g, = %Sin 05(Qsr + Qrr) /Ny, b9l = %Sin 05(Qsr — Qs) /Ny,

Gr= (gD + (90)*, 6G;=2(glog] + g54]),
0F; =Y NI6Gy, 0F,=3 NIG, F;=3 NIG, F,=3) NG,

I q f q
parameters:
’ 1. charge
2. g
3. sinf,
» NP effects
o aMmz f o Mz f
I = —— I = —=N
oTzxp 12c%vs‘2,v(5ff’ o Zxp 123,53, 0G,
500 12 G.F, [(6G. N 0F; . 0Ff
had,NP — mgz ]_—J% G. 7, F; ’

54, ap = — 2L2)" — (92)°]

; 2
Gf

39191 [(95)* — (92)?]
GG

(92691 — glog]) .

SAPh xp = — [ (9509, — 9409, +e <> f )]

oF, F, oG, 0G. GOF,
6R2,NP = Nf ( qu - q@ﬁ ) ) 5R2,NP = N¢ ( 7, - ]_—qg :

bl

)

» Higgs decay (signal strengths):

_{ 0:}B;
Hif = SM B?M
unity in the model
»> NP effects
NP NP 2
Z{,{ = % = [sin(a — f3) — cos(a — B)& parameters:
Vigr | 9nis " 1. sin(a — pB)

—

tanf

2
—L= %m [@ (VexmNaPr — N VexmPr) d + 7 (Veans NePr — NiVounsPr) €] + hee.

[+ 11: [sin(a — )M — cos(a — B)Ny] hff]— % [cos(ex — B)M + sin(e — B)N;] Hf f

4 % [U2Ny) Hdrysd — % [U2'N,] Hawysu + % (U2 N,] Halyst,

> Measurements

f bb cc TT o
1.21(45)

s 1.05(22)  9.4(203)  0.85(10)

CMS
[PRL 131(2023) 4, 041801]

[Nature 607 (2022) 7917, 60-68]
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Numerical analysis (1)

charge current constraints from b ->c¢

1.27 - 1000 —
[ — 68% C.L. —-= Combined L - 4~ Excluded @95% C.L. e > | "
1.0 C— 95% C.L. —-= Combined ,/, : —-= Combined 68% C.L. _/'/ n pu S
[ a4 Best fit * Combined ,’,’ e 800 [ —-- Combined 95% C.L. ‘/'/ R'J'i'"": Y. §. Amhis et al., PRD 107 (2023) 5, 052008
0-8¢ [— 5. = -5 68% 1. /./'/ F{: 8. Hirose et al. (Belle), PRL 118 (2017) 21, 211801
0.6k B, 75 95% C.L. ‘ PY: S Iguroet al, PRD 110 (2024) 7, 7
[ Ry 8. Iguroet al., PRD 110 (2024) 7,7
ngl: 0.4F R, : F. U. Bernlochner et al., PRD 107 (2023) 1, LO11502
0.2F
: _ » Quadrant
0.0
A <
—o2f RIS __/ FCG2HDM [2HDM-I
[ e LN
04— O 73
210 0.5 10 20 30 40 50 gy + -
. tan 3 3
model independent FG2HDM cy - -

h 4
why Barbar claims 2HDM-II is not preferred
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Numerical analysis (2)

neutral current constraints form b =>s
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Numerical analysis (3)

constraints form EWPOs
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1. Z-pole measurements suggest that solutions for constrained U (1)'charges exist albeit within a narrow
parameter.
2. The elements of correlation matrix and the auxiliary relation indicate that the BGL symmetry remains
compatible with current EW data. )
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Numerical analysis (4)

constraints form Higgs decays
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1. The value of tanB in the vicinity of the relatively large global minimum decreases as sin(a-68) deviates\
further from unity.

2. The SM limit sin(a-8) - 1 suggests the existence of another local minimum with tan6 < 1.

3. Global minimum suggests the value of tan8 > 10. Y,
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Numerical analysis (5)

Combined constraints
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Summary

e Within FG2HDM, special flavor symmetry designed as a guarantee to Yukawa
texture.

* The tension between R () and 2HDM-II is alleviated by flipping a sign in
FG2HDM.

* The FCNC in down quark induced by neutral Higgs and Z’ can address neutral
current anomalies.

* There are plenty of allowed parameter space to accommodate both types of
B anomalies, EW Z-pole data, and Higgs decays.

* 3 explicit boundaries of typical model are rendered that

my < 450GeV, tanfB <28, ¢ > 1077,
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