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Search for Charged Higgs Bosons

e H occurs in any 2-Higgs-Doublet Model (2HDM). T
e 2 parameters tan § = v, /vg and M+ . '
e 5 Higgs bosons h°, HY, A%, H+.

e Charged-Higgs effects at tree level.

Constraints on tan G/M g+ from flavour and collider physics
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Constraintsfrom Leptonic Meson Decays. B — TV
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D, — 1v

G%
B(Ds — tv) = . D,
T

excluded at 95% C.L.
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e B¥P(B — 7v) = (1.41 £0.43) - 1074

[combined BELLE '06 and BaBar '07]

fr = 216 + 38 MeV

[HPQCD '05]

e B¥P (D, — 7v) = (6.1740.7140.34)-10~2
[CLEO ’08]

fp. =241 + 3 MeV

[HPQCD '08]
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Constraintsfrom L eptonic M eson Decays
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Higgs-Fermion Couplingsin the 2HDM

H HY + vy Vay
Hu:(HO+Uu); Hd:(H;i ; tanﬁzv—d; v=4/v2+v:=174GeV

e 2HDM type Il: U and D, E couple separately to H, and Hy

EHff’ = UYuQHu + DYdQHd + EYeLHd
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Higgs-Fermion Couplingsin the 2HDM

H HY + vy Vay
Hu:(HO+Uu); Hd:(H;i ; tanﬁzv—d; v=4/v2+v:=174GeV

e 2HDM type Il: U and D, E couple separately to H, and Hy

EHff’ = UYuQHu + DYdQHd + EYeLHd

e Higgs mass eigenstates br

(H,j*):( ny cow)(g:) N . S

Hy —cosf  sinf /,;,) tanf| = = mta<
e | Large tan 3: enhanced couplings i o
my M.+ B mp
Lose tan brorH ™ + = tan B TRy H =
Hff \/_MW A% b RAL \/_MW B TrYL 0 ="
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H™ Couplingsin the MSSM with Largetan (3

LHJq D) DYdQHd + D(Ydeu)QHqi €, = €0 T+ EyYJYu
tan f/—enhanced H* couplings to br (minimal flavour violation,
universal squark masses)
2HDM type II: %]\?Wtanﬁ DL - -
B
ga My tan 3 _ @
MSSM: * b H .
V2 My 1+ ¢ptan 3 ab V1 AL Q/ \f

Large tan 3 : |eg| tan S~ O(1)

[Hall et al. '94] [Blazek et al. '95]
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H™ Couplingsin the MSSM with Largetan (3

EHJq D) DYdQHd + D(Ydeu)QHqi €, = €0 T+ Eyy,jyu
tan fS—enhanced H* couplings to by (minimal flavour violation,
universal squark masses)
2HDM type II: %]\?Wtanﬁ DL - -
B
ga My tan 3 _ @
MSSM: * b H .
V2 My 1+ ¢ptan 3 ab V1 AL Q/ \f

Large tan 3 : |eg| tan S~ O(1)

[Hall et al. '94] [Blazek et al. '95]

b — T transitions:

™mpmi+

H = 2V2G R Vi { (b v qr) (TL v, 1) — gs (brar) (UL R) }; q=1u,c

mig
m4 tan? (3
Mz (1 4+ egtan 5)(1 + e, tan 3)

gs =
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Branching Ratios B(B — tv) and B(B — D1v)
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SM: B(B — tv) = (1.231032) - 1074

[Vap| = (3.86 £ 0.09 & 0.47) - 1073 [HFAG 07]
0 |Vub‘ ~ 12%, o0fp ~ 18%

R=B(B — Dtv)/B(B — D/v)
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[BaBar '07] gs

B(B — Dtv) o< |Vu|* - f(Fv, Fs,gs)

SM update: R(gs =0) =0.31+0.02

Vep| = (41.6 £0.7) - 1073 [PDG 08, incl]
5‘Vcb|FV §5%7 5‘Vcb|FS §7%
with recent fit of |V, | Fy to data [BaBar '08]
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Constraining tan 3/Mpy+ with B(B — 7v) and R

2HDM I, g =0 MSSM, ¢ = —0.01
excluded at 95% C.L. excluded at 95% C.L.
500 5007““\H“\““\““\““w""A
i ] = B(B — TV)
400 = R(B — Dtv/B — Dtv) . 400 R
+ [ ] + [
T 300 T 300
2 [ 2 [

200 200

100 - 100 |

0.5 < gsg < 1.5and gg > 1.7 excluded at 95% C.L.

New B(B — 7v) measurement by BELLE icrer 0s: Constraints on gs unchanged.
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B — D Form Factors

= 5 mp —m mp —m

W (D(pp)ley"d|Bpp)) = Fy(a) (Pl + P — qu 2q") + Fs(a) qu 2 q"
+ = h R m2B_m2D 2 2

HT - (Dpp)leblBps)) = - ~— =Fs(a’)  |Fv(e® =0) = Fs(0) |; ¢=pp —pp
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B — D Form Factors

B _ ma — m ma — Mm
W™ {D(pp)ler"bB(ps)) = Fv(¢") (b + 9 = =5 0") + Fs(¢") = 5—¢"
3 mp — mi, 2
H™ :(D(pp)leb|B(pp)) = . Fs(@) Fy(¢> =0) = Fs(0)|; ¢ =pB —pp
2 2 2
B — D form factors are linear w= "B TMp 4
2mBmD
after a conformal mapping w — z(w):
FV,S(UJ) = P(w)lgo(w) [a’(\)/,S —+ a%és z(w) 4+ .. } ‘Z‘ < 0.032 [Boyd et al. '97]
[Hill '06, et al.]

equivalent parametrization

Fy(w) = Fy(1)(1 = 8p?z + (51p? — 10)2% — (252p? — 84)2%)  [caprinietal. 98
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Fy(w) from B — Dfv Data ({ = e, i)

Vw+1—+/2
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Fy(w) from B — Dfv Data ({ = e, i)

_ 2 2 2 2 . Vw+1- V2
G(w) = G(1)(1 —8p*z 4 (51p” — 10)2° — (252p” — 84)2°); z(w) = NS ERNG
G(w) = ZmB e Fy(w)

Recent fit to Bt — D/v data

V|G(1) = (43.0 £1.9+£1.4)-103

p* =120+£0.094+0.04  [Bazar 08

Compare with lattice form factor:

Vip|G(1) = (42.74+1.1)- 1077

p2 — 0.97 £ 0.14  [pivitiis et al. '07]

[Kamenik, Mescia '08]
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Fq(w) from Fy, and Heavy Quark Effective Theory

e Heavy quark limitmg — oco: S(1) =G(1) =1

Quantum corrections: S(1) = 2%F5(1) =14+ 01/mg,as)
w=1: Fis(1) = 2¥METD (1 02 £ 0.05)
e Fs(w) = Fg(al,at) from BmD
[parametrization as in Hill '06] W = Wmax - FS(C]2 — O) — FV(C]2 — O)

Susanne Westhoff, Universitat Karlsrune CIT Charged Higgs Bosons in B — D T v: Differential Distributions  —p.14



Fq(w) from Fy, and Heavy Quark Effective Theory

e Heavy quark limitmg — oco: S(1) =G(1) =1
Quantum corrections: S(1) = 2%F5(1) =14+ 01/mg,as)
w=1: Fis(1) = 2¥METD (1 02 £ 0.05)
e Fs(w) = Fg(al,at) from BmD
[parametrization as in Hill '06] W = Wmax - FS(C]2 — 0) — FV(C]2 — O)

0.055 (-t
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_0045F
< 0040,
= 0.035¢
8 0.030]
0.025;

B—Dry R,
endpoint = p.+  form factors are under control:

0 |Veo|Fv (1) = 5.5%
5 V| Fs(1) = 6.7%
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B — Dtv: ¢° Distribution

dI'(B — Dtv)
dw

w=1:
transversal W modes suppressed

relative WH+ and H contributions
depend on ¢

— | determine gg from shape

dl’ /dw [10~ 4 GeV]

[Grzadkowski, Hou '92] [Kiers, Soni '97]

x \vcb|2{<w2 ) Fy ()2 py ()4 s (w)? [1— gy — LT ]2P5(w)}

© I © o = =
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—— T
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o
——
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B — Dv|r — mv|: Triple Differential Distribution

7 polarization |to distinguish H* (1) from W (71,)

e not directly accessible: 7+ — 7wv,, fvyv., ... Inside the detector
e B — Dv|r — nv|: correlation of 7 polarization and 7 direction

W Wi, H
_ <+ <+ _ D — _
VL: . > TL vy, < . > TR
- —_—
T @ > VL VL « O > T
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B — Dv|r — mv|: Triple Differential Distribution

7 polarization |to distinguish H* (1) from W (71,)

e not directly accessible: 7+ — 7wv,, fvyv., ... Inside the detector
e B — Dv|r — nv|: correlation of 7 polarization and 7 direction

W Wi, H
_ <+ <+ _ D — _
VL: . > TL vy, < . > TR
- —_—
T @ > VL VL « O > T

Triple differential distribution

d*T(B — Du, [t~ — 1 v,])
dEp dE . dcosOp, N

Gr [\ Vual*|Ves|* 7 [Ow (Fv, Fs) — Cwa (Fyv, Fs)Re(gs) + Cru(Fs)|gs|”]

joins H+ effects in ¢* («» Ep) dependence and 7 polarization
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Triple Differential Distribution

Maximum likelihood fit to

d°T(B—Dv[r—mnv])

For illustration:

d3T [10~16 GeV|

angular spectrum

Ep =2GeV,E; =1GeV
——gs =0(SM)

Tgs =03
Mgs =16

dEp dE . dcosOp

43T [10~16 GeV]

o N o o =
[ N o © o

©
o

— ’95’7 ’ arg(gs)]

Ep spectrum

: E)S@ =—1,E; = 1.8GeV

The values for g5 are allowed by B(B — 7v) and B(B — D71v)/B(B — D{v).
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To Be Taken Home

e The B — D form factors are improved to < 7% error
thanks to the recent fit by BaBar.

e In B — Dv|r — 7v|, the triple differential distribution
combines the ¢ dependence and the 7 polarization.

e B — D7ris complementary to B — 7v

In the search for charged Higgs bosons.

H-I-
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