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The MSSM Higgs sector and B — B mixing for large tan3

Stéphanie Triné
Institut fur Theoretische Teilchenphysik, Karlsruhetituge of Technology, D-76128 Karlsruhe, Germany

Abstract. A systematic analysis of Higgs-mediated contributionshte B; and B, mass differences is
presented in the MSSM with large valuestah 8. In particular, supersymmetric corrections to Higgs self-
interactions are seen to modify the correlation betweevi, and B(B, — p*p~) for light Higgses. The
present experimental upper bound BBs — pt ™) is nevertheless still sufficient to exclude noticeable
Higgs-mediated effects on the mass differences in mosteopdnameter space.

PACS. 12.60.Jv Supersymmetric models — 14.40.Nd Bottom mesons
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If supersymmetry (SUSY) were exact, the two Higgs dou- | UR/*'\\QL | Ul )0k
blets of the Minimal Supersymmetric extension of the Stan- Q 7/ \ Ok Y
. —}—‘—x—o—}— P
dard Model (MSSM) would not be able to mix, and one of Hy, Hg Hd'{ LK \‘Hu

them only,H,, = (h, 1Y), would couple to up-type quark o S .
singlets while the other onéf, = (h%*, —h), would in- Fig. 1. () Squark-higgsino loop inducing @ Q7 - H; ef-
teract with down-type quark singlets. As SUSY—breaking.C“Ve coupling. The resulting quark mass matrix and reutr
is required to be soft, this peculiar Yukawa structure acttfi99s-quark vertices are not diagonalized simultaneoasly-

ally holds at tree-level, and the dangerous flavour-changiffoé: and FCNC are generated. (b) Squark loop inducing an ef-
neutral currents (FCNC) that can be generated after sp&iriveU (1) po-violating Higgs self-coupling /1., Ha)".

taneous electroweak symmetry breaking by the coupling of

the quarks to the “wrong” Higgs are loop-suppressed:

Higgs __ =l .7 0% 0 value, in direct correlation with an increase of tBe —
Lrdie = w1y dpdy (cshy” = s5hy’) ut e~ branching fraction. Interestingly, as first noted in [1,
+ kY Eid}]% (c5h2 — sﬁhg) (1) 2], the a priori dominant Higgs-mediated contribution to

AM, (see Fig.2ag = d, s),
in the quark mass eigenstate basis, with the abbreviations

cg = cosf3, sg = sinf, and, under the Minimal Flavour 5 5 )
. . ss co_
Violation (MFV) assumption, AM;%R N —ng < ;ﬂﬁ 4 Mf _ M2> : 3)
H h A
m
KI1J ~ TI ViiVis th ey, (2)

where o« denotes the CP-even Higgs mixing angle and
with ey, a loop factorts = v,/vq4, the ratio of the two A7y, 4, the neutral Higgs masses, actually vanishes when
Higgs vacuum expectation values (VEV), and= v_ + tree-level Higgs mass relations are implemented. The afore
v3. Note that the local effective interaction Eq.(1) supposesentioned correlation was then derived flipping the chiral-
the scale hierarchy/sysy > v. The loop factorey is ity of one of the external quarks:
then essentially driven by squark and higgsino intermedi-

ate states (see Fig.1a). Its effect is however non-deamyipli ) )
in the limit Msysy — oo as the induced effective oper- LR | _ . o Sa-p i Ca—p n BN 4)
ator has dimension-four (see e.g. Refs. [2-5] for details). a ba™qb M% M? M%)
For larget, one can see that the loop suppression is com-
pensated, opening the door to large Higgs-mediated effects )
in flavour physics [2, 6]. which costs a factor of;, /kyg = mg/my. The subject of
A clean signature of this scenario was proposed in Réie work reported here [7] is the systematic identification
[3], which predicted a decrease of the mass difference in th@d computation of all contributions that present one sup-

B, — B, systemAM,, with respect to its Standard ModelPression factor with respect to the superficially dominant
term Eq.(3), and should thus be added to Eq.(4) before con-

@ Email: trine@particle.uni-karlsruhe.de cluding on the correlation betweeh/, andB, — utpu™.
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Fig. 2. (a) A priori dominant Higgs-mediated contribution to

AM,. (b) This contribution violates th&/ (1) po symmetry of © &
the leading-order effective 2HDM far; — 0. br W h br
-0 —<-
O e O

2 AMq an atomy for large tanﬁ Fig. 3. Higgs-mediated contributions td M, resulting from (a)

. . o a chirality flip; (b) a weak scale loop; (c) a SUSY loop in the
In order to properly identify the relev_ant.contnbutlorm; I Higgs potential: (d) Higher-dimension operators.
us have a closer look at the cancellation in Eq.(3). The tree-

level Higgs mass matrices follow from the potential

V) — me;Hd + m2HIH, + Bu{H, Hy+ h.c} in terms of the quark mass eigenstates in the tree-level

E; Q{-H, Yukawa vertex (here the quark fields are un-
derstood in the interaction eigenstate basis), we actually
s 2 ) ) end up again, in good approximation, with a coupling
wheremy o) = |p|” +my, . Buandmy,  denotesoft-  ofthe typebpg, h%* (in the mass eigenstate basis now),
breaking termsy is the supersymmetric Higgs mass pa- and the usual cancellation mechanism takes place.
rameter, and?,,- Hy; = HIcH, with £12 = +1. In partic-
ular, we have:

2 2 2
+ S (HE Hy — HEHL)? + 4 (H Hg)(HH),  (5)

Note that higher-order sparticle-loop effects in the four-
dimensicl)%r;%al Yukawa vertices woulld still lead to a vanish-
2 _ -1.-1 ing AM_*"* at all orders in the;~ expansion for tree-
Mi=Buss ey © Ie\g/]el Higgs exchanges as the combinztion of Higgs fields
Consequently, for large; (that is to saypy — 0) and @ppearing in Eq.(1) would be unchanged. Indeed, the oc-
fixed M4, By tends to zero, and, as tié FCNC cou- curence ofhy , or k", is fixed by gauge symmetry for
pling in Eq.(1) also vanishes, the two-Higgs doublet modgeneral dimension-four Yukawa interactions, and, replac-
(2HDM) composed of Eqgs.(1) and (5) becomes invarialtd 70.q bY vu.q, One must obtain zero in the quark mass

under the Peccei-Quinn-type symmetry with charge assidiigenstate basis.
ments [4, 8,9} Corrections (iii) have been analyzed recently [10, 11].

Their size is however subject to controversy. We thus go
Ul)pg: Q(Hy) = Q(d{%) =1, Q(other) =0. (7) through them again in the next section.

The cancellation in Eq.(3) now follows (at least in the—

0 limit) from the fact that the corresponding amplitude3 SUSY corrections to the Higgs potential

with two right-handed externalquarks, requires a change

of the PQ charge by two units (see Fig.2b), and theref®particle loop corrections t&(°) are determined at the

cannot be generated by tree-level Higgs exchanges.  one-loop level via a matching calculation on the most gen-
Non-zero contributions are then obtained eral dimension-four 2HDM potential fa¥/ sy sy v:

— eitherallowing the conservation of the PQ charge, which(1y 5 .t 9 9
can be done by (i) flipping the chirality of one of the ex-c‘b( )= mi HyHy+ m3, HLH, + {miyHy-Ha+ hec.}
ternalb quarks, as saiéj before (Fig.3a) [3]; (i) avoiding -+ A1 (H1Hy)? + 22 (H} H,,)? + \s(H} H,,)(H} Hy)
the suppressebl, grh!y FCNC coupling but allowing As
for one loop in the effective 2HDM (Fig.3b). The dia- Aa(H{Ha) (HYHy) + {55 (Ho Ha)?
gram corresponding to this second possibility is readily — [/\G(H;Hd) + M (HIH,)) (Hy-Ha) + hec.}, (8)
computed from Egs.(1) and (5) in the large limit,
and found numerically small. Note that charged Higggherem?, and\s ¢ 7 may be complex. Such a computation
effects are suppressed under our approximations [3, 4fas actually already performed in the context of the correc-

— or providing a breaking of the PQ symmetry via (iii)t',ons to the I|g,htest.H|ggs. mask/. The explicit expres-
sparticle-loop corrections to the tree-level effective p&ions for thex's available in the literature [12], however,
tential V() (Fig.3c); (iv) higher-dimension quark-2SSUme various approximations such as degenerate squark

Higgs effective operators (Fig.3d). These cost a SUSspﬁ-breaking parameters or real trilinegr terms. These\_/ve
loop, like the dimension-four effective coupling offémoved in the computation of the Higgs mass matrices

Fig.1a. Then, as the only place where this loop can b3l but an updated list ok’s including the effects of all
compensated by a large factor is the modification sparticles for arbitrary flavour structure has to our knowl-

of the expression of the quark interaction eigenstatgd9€ not been published. YAt/ in Eq.(3) takes a par-
ticularly transparent form when working in the Higgs inter-

! Note that this symmetry is not spontaneously broken f@ction eigenstate basis, being directly related t@itie) pc-
vg — 0. violating Higgs self-couplingas and 7, see Eq.(13). We
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thus performed the matching again, keeping arbitBaky with the loop function
3 soft-breaking matrices. Particular attention was paid to
the definition of the Higgs fields in the effective 2HDM, Ly() = -1 (I+z)hz (16)
closely related to the definition af, as we now briefly TS 20 —a2)p
explain. . o _ o

We chose to renormalize the MSSM parameters A typical contribution is depicted in Fig.1b.
andm3 such that the one-loop tadpoles are renormalized to In Ref. [10], the corrected masses and mixings in Eq.(3)
zero at the matching scale, i.e., the tree-level VY still  Were determined using the FeynHiggs package. We dis-
sit at the minimum of the potential (no finite counterterm@dree numerically with the obtained results. We also do

are introduced for the parameterg, and); in the effec- NOt reproduce the pole singularity fd;, =M found in
_ J 1 Ref. [11]. From our analysis, it emerges that the source of
tive 2HDM). The actual one-loop VEV,, ; must however the non-vanishing ofAM 2% is to be found in the Higgs

take into account the field redefinition needed to cast t@@lf-couplingsk5 and \; for larget, related to CP-even
kinetic terms Higgs mixing self-energies.

L) = (14 6244)0,H}0" Hy
+ (14 62,40, HO"H,

4 Numerical analysis

—{62u40,H,-0"Hq + h.c.} 9)
induced by the matching of the two-point Green functiorfsS We already mentioned, Eq.(13) is responsible for a de-
into the canonical form. We then have: crease of théB, — B, mass difference, while\M,; is ba-
@ sically unaffected due teg, ~ my [3]:
Vu EVA Vu
< (1)> = (lax2 + %) - < (0)) ; (10) m m PLR
vy vy LR _ ~LR s b 2
AMy " =07 X {0.06 Gev} {3 Gev} {2.56] (A7)
wheredZs1 = 0Zyq, 0212 = 677, etc. Now, we take
advantage of the freedom to change the Higgs basis [14]yith CLR = _14ps!, CER ~ 0ps!, and
H;, iSH/2 H,
(_Hc/> =€ /2. _Hé: ) (11) (Eyl671'2)2 m? tg 4
d X = — 23202 |50l (18)
whered H is an arbitrary2 x 2 hermitian matrix and?§ = (14 &stp)” (1 +eotp)” MiwMa

eH}, to (i) keep the VEV real and positive (ii) more impor- ~ 9
tantly, ensure that the correctionstiparet ;-suppressed, 1 N€ 100p factorsy, ey andes = <o + y;cy may be found
or, in other words, that, does not receive any correctiond” Refs. 5, 11], |Includ|ng the effe_zcts. of the electroweak
from v,. This amounts to the following modification of¢OUPIiNgsg andg’. The new contribution Eq.(14), on the
Higgs field redefinition: other hand, increases bothi/, and AM, (note that)s

and the bag factaP~ are both negative):

8Z -, —1
i wu + it IM(0Zya) 0Z
572 N 5Z+26H_( 2 ﬁO ( d) @d) ) (12) S pSLL
: an = cpx [sgs] | o)
The effects of the corrected Higgs masses and mixings ) 3Ge —1.06
on the “flipped” amplitude Eq.(4) are not essential, and we % Mgy, (_/\5 4 )\?//\2) 1672 (19)

will ignore them here for simplicity. In the largg limit, M3

we then have:

with CRR = 4+4.4 ps~! andCFF = +0.13 pst. The
numbers in Eqgs.(17) and (19) have been obtained using

In contrast, these effects are of course crucial for the “noftzs Vzp| = 0.041 [15], [ViaVj;| = 0.0086 [15], Fp, =

flipped” amplitude Eq.(3), given for large to a good ap- 0-24 GeV andFp, = 0.2GeV. These values suffer from
proximation by: large uncertainties, and are given here for the purpose of

illustration (ratios are defined for actual numerical stsdli
(14) see Fig.4). They correspond to the Standard Model central
_ o valuesAM M =20 ps~t andAMZM = 0.59 ps*.
inthe absence of new CP-violating phases. The above quan-p first observation is that the typical effect afM #F
tity is generated via the PQ-symmetry breaking brougr%tsuppressed with respect to thatdhs 2R, which issdue
about by theu parameter at I(_)op-level. To l_Je explicit, iNo 4 1/2 symmetry factor and the smallsvaluefq‘f“. The
the case of\;, we obtain (within MFV and discarding theefrective couplingsin Eq.(19) are also not very large. To ge
small contributions from the first two generations, as Well, idea of their size, the residus) value for Mgy gy —
as those proportional tg): oo is given by

2 2
)\5__3_%1(15/‘2 1(M?L) _%a%;ﬁ 1<JV[€L)
- 2 4 2 2 nr4 2
8 M?R M?R 8 MER MZR

AMqLR ~ —anlizbﬁ. (13)

2
4
ME

AM&RR ~ Kgq ()\5 — /\%//\2)

4
Xs— =5t +ur+ % — g e (20)

y; a3u2L1<M$L) 3g* p? 1( p ) (15) The “non-flipped” contributiom\ M/ ** can still be relevant

— P By S : .
8m2 M2, "\ M2, T 8z MZ A\ MZ for small M 4 (i.e., < 200 GeV). However, in that case, the
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Fig. 4.Left: constraint fromB(Bs — ™ u~) on AM;. The dark gray (bl
wtu™)/AM;], the light gray (red) lines indicate the size of SUSY

ue) line is the theoretical predictionfr= log,,[B(Bs —
effectsAM,, and the gray band shows the valuesif

excluded experimentally [18]. The dashed line correspaad& M, = AMZY + AMLE, while the plain line also taked M2
into account. Supersymmetric parameters have been fixedllawss: t5 = 40, a., = 2000 GeV, Mz = p = 1500 GeV, Mz =
Mgz = 1000 GeV, M; =500 GeV. Right: Analogue for the correlation betweghi\/; and3(B4 — php™) (experimental values
from [18, 19]). The bound oB(B; — ptu™) is at present not as efficient as the bound?{B3s — u* ™) to exclude Higgs-
mediated effects on the mass differences, Bad~ R,) is preferably used.

experimental upper bound d®(B; — p*p~) [2-5,16] Acknowledgmentft’s a pleasure to thank my collaborators

Mart
work

imposes tough constraints dhandig,

M2, [t
B(By — ptp~) = CoX — 5—%

X—= 21 -
e (21) CT-2
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with C; = 3.9 1075 andCy = 1.2 10~%, suppressing References
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Fp, andV;, when usingB, — " 1~ to probe the MSSM

in the largef g regime.
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