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Discovery of a Higgs-like Boson at the LHC

Two cleanest channels v, 4¢:
reconstruction masses at 125 GeV
Dilepton WW* — 2¢2v also consistent with ZZ* — 4/ at

125 GeV
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o Angular correlation prefers CP-even spin zero 0+
o couples to weak gauge bosons (ZZ*/WW*)
o if it is spin-zero, production from gluon fusion
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@ ~~: spin 0 or 2 (Landau-Yang)

o Angular correlation prefers CP-even spin zero 0+
o couples to weak gauge bosons (ZZ* /W W*)

o if it is spin-zero, production from gluon fusion

HILKE AR b

Liucheng Wang, ZIMP, Zhejiang University



SM Higgs? Likely

w w w w
ATLAS Preliminary
W,ZH — bb
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SM Higgs? Likely

H — bb (VH tag)

fs=7TaV,L<51fb {s=8TeV.L< 196"
H— bb (ttH tag)

CMS Preliminary m, = 125.8 GeV

H —s 1t (0/1 jet)
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How to interpret the 125 GeV resonance

o Standard Model Higgs boson?
o Composite Higgs?

@ Higgs boson in MSSM
o the light Higgs boson h at 125 GeV (nontrival)

mp, = 125GeV < My ~ My ~ My«

o the heavy Higgs boson H at 125 GeV while h evades all
direct searches (or h around 98 GeV)

mp < My = 125GeV ~ My ~ Mg+
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LEP excludes a SM-like Higgs to 114.4 GeV
(in both SM and MSSM)

Higgs Mass Lower Bound
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To evade the LEP bound: reducing g2z

Since m; arises from H,, v,, >> v4 (a large tan ).
A simple realization: to make h Hy-like, then g5, o« a small vy

h \ ([ cosa —sina Re H,
H /) \ siha cosa Re Hy
ReH, \ [ sin8 —cosp Hgpm
ReH; )] \ cosB sinf H,
large tan 8 = B — 7/2; his Hy-like = a — +7/2. So

9zzn X sin(f —a) — 0
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A. Djouadi / Physics Reports 459 (2008) 1-241
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Qualitatively, smaller M4 — smaller gz,

large tan 8 = 8 — m/2
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tan2a M3 +m7
= 2 2
tan28 M3 —m7,

Taking M4 — 0, sina — —1, gzzp x sin(8 — a) — 0
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Lower bound of M, from LEP bound on charged Higgs

Br(H—tv)

LEP 189-209 GeV

womw W%
charged Higgs mass (GeV/c?)

Charged Higgs may also close to M 4. At tree level:

My > 80 GeV is required to survive the LEP direct search
bound (via Zh) and LEP charged Higgs search.
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Since H is H,-like and h is H-like, M}y, ~ M1, Mg ~ Mas.

2 2
MH ZMQQ

M3 cos® B+ m% sin® 3 (1 - Siyt t)

yiv? t 2 2 2
o 512sin ﬁ{t{ 63 (1.5y; + 0.5y; —893)}

Atd Ata t 2 2 2
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( 12M§’USY) { * 167> (Syt MR 693)

2
MSUSY

t
16 2 sin 5M4 {1 + 163 (9yi — 5y — 16g§)] + O(yim3)
SUSY

M. S. Carena, J. R. Espinosa, M. Quiros and C. E. M. Wagner, Phys. Lett. B 355, 209 (1995) [hep-ph/9504316].
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At tree level, M4 — my, My, — My — Mz: nondecoupling
One may always realize a 125 GeV heavy Higgs boson in

nondecoupling MSSM scenario.

mp < Mg =125GeV ~ My ~ Mg+
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Consequences of Non-decoupling

One may always realize a 125 GeV heavy Higgs boson. And

non-decoupling scenario may evade all constraints from LEP

but ....
o However, is the scenario flavor safe as mg+ ~ ma?

BT > 7tv; B— D®Wry

M= ey

b — s transition: b — sv; Bs — ptp~;

t = bHT with HT — 7Fv;

o In addition, light » and H can enhance spin-independent
neutralino-nuclei scattering. If DM consists of only
neutralino, how about bounds from direct detection?

© 0 0 ©
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B, — tvin general 2HDM and SUSY

BR(B+—>T+V)MSSM -1 m?g tan? g3

BR(BT—=1tv)sm  — |7 M12;+ (1+€] tan B) (1+¢; tan 3)
o tan 3 ~10: ¢; and ¢ below 1%
MSSM corrections to d-type quarks and lepton mass
matrix can be neglected
o nondecoupling: Mg+ ~ 130 GeV: tanf ~ 10
MSSM prediction: 20% — 30% smaller than the SM

Qo
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B, — tvin general 2HDM and SUSY

b T

@ MSSM prediction in nondecoupling limit: 20% — 30%
smaller than the SM, consistent with the new Belle data
SM prediction: (0.95 + 0.27) x 1074
world average before 2012: (1.65 4+ 0.34) x 1074
Belle: 0.727029 x 104 (new)

o Similarly, the charged Higgs contribution to B — D™ 7y
and p — e+ are not very significant in the interesting region

of My+ and tan 5.
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B — X,vin general 2HDM and SUSY

o light H* enhances B — X,y

o type-ll 2HDM: My+ > 300 GeV almost independently of
the value of tan 3

@ nondecoupling: Mg+ ~ 130 GeV
non-trival SUSY setup may cancel H* contribution
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B — X,y in MSSM

Helicity must be flipped in the involved quark states:
my, insertion in SM

0 U(3)qg x U(3)q chiral symmetry breaking
o Electroweak symmetry breaking
SUSY contributionS'
o CSYSY = Ol 4 CF + Cl + CX
o C778 is also suppressed by my insertion, and has the same
sign as the SM amplitude.

° C?Z is a negligible contribution.

o C;fgt and 05’8 are the squark contributions. They are not
necessarily suppressed by m;, which is helpful to cancel
the SM and charged Higgs amplitudes. (m;, insertion, v,

insertion and vy insertion).
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B — X,y in MSSM
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Light stop helps to cancel the H* contribution [Top right figure].
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B — X,y in MSSM

i i,
e

'
" (6LR), 4
a (93 P

o my insertion: suppressed by m;

o vy insertion: not important due to large tan 3

o v, insertion (effectively 10 - 5¢ - H*-like: Qd°H,,)

o Higgsino penguins from v, insertion destructively interfere
with the SM and charged Higgs contribution if zA4; <0

light stop helps the cancellation as *;\j‘;

o wino-stop contribution suppressed bytSuper-GIM if
degenerate squark masses (MFV).
o (7 is also important: enhanced by pitan 8, Ms/my,
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B — X,y in MSSM

Fleld [ @ o o & ¢ H, Hi] 0
Rcharge | £+ 1 L+ I I g T
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PQ[Qd°H,]: 0+ (-1)+0= -1

Y=
-+
(SR
|
oo
|
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o The leading SUSY correction is Qd°H,,-like, which must
break PQ and R symmetry. Their contribution are
propotional to 1 A;.

@ SUSY correction will destructively interfere with the SM
and charged Higgs contribution if 4 A; < 0. Light stop helps

this cancellation as 42%.

t
o These SUSY correction at the same time contribute to
Amy, (cannot contribute to Am..).
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By — ptp~ in MSSM

1
RO, HO A° 3
B SUSY DA = 5= 2 el
M5
5
ut

SM: (3.27+0.23) 10~ due to small muon mass m;, /m%_

LHCb: 3.2%15 x 107 (Nov. 12, 2012)

C3PY =l +C§P+OSP+CSP

MSSM: leading penguin diagrams C%‘;, Cgp o tan®

if tan 8 ~10, all 1-loop diagrams have to be considered:
e.g., charged Higgs diagrams cg{; o tan* B

In nondecoupling limit, it is even worse since the neutral
Higgs bosons are all light: tan® 3/M3.
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SUSY corrections to the down quark mass matrix

Hy H,
bg B p
br sI,
; --u i
H, sl . N (57 s
\ /
EK___;"D__ T S
e - ip LL%-LL
b) Y g
3 a) pt

bR bL

Diagonal correction

IR FH LR RYE P S TR & Liucheng Wang, ZIMP, Zhejiang University



© 06 06 0 o

General Constraints

SUSYFlavor2.01, FeynHiggs2.9.2, HiggsBound3.8.0
My 125+ 2 GeV

Ryy=0)) /ol :1~2
LEPII+Tevatron+LHC Higgs search bounds
BR(B — X:v) < 5.5 x 107%

Experimental: (3.43 +0.22) x 1074

SM NNLO: (3.15+£0.23) x 10~*

FeynHiggs SM NLO predicton: (3.8) x 10~*
BR(Bs; — utp™) <6 x 1077

Experimental upper limit: 4.2 x 10~°

SM prediction (3.27 4-0.23) x 107

SUSYFlavor SM predicton 4.8 x 10~ (Hadronic
parameters ?)
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Input

Mg, ,

MQ3 = M; = 200, 400, 500 and 1000 GeV,

= Mg, , = M = M+ = E123 — 1 TeV s

di,2,3 Lig23

M; = 200 GeV, M, = 400 GeV, M; = 1200 GeV .

My : 95~ 150 GeV
tang : 1~30
i 200 GeV ~ 3 TeV
Ay=Aq=4, : —3~3TeV

Light stau enhances the diphoton but irrelevant to b — s
transition
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2.5} 25 ’
2,00 2.0p

3 15 M = M; = 1000GeV 2 15}

< M; :95GeV —— 150 GeV = M;, = M;, = 500 GeV
100 tanB:1--30 10p Ma: 95GeV —— 150 GeV

tang:1-- 30

0.5) 05
0.0 0.0

A(TeV)

@ No survivors when assuming 200GeV and 400 GeV stop,

R R
A(TeV)

3

reduced gg — H (light stop loop cancels top-quark loop)

o Red: My :125+2 GeV, R, : 1 — 2, and combined direct

search bounds. Blue: B — Xv. Black: B; — putu~

Typical survival points are M; ~ 500 GeV, M4 ~ 140 GeV,
tan 8 ~ 10, u ~ 2.5 TeV, A, ~ —750 GeV.
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t — bH™ at the LHC
Assuming BR(H™ — 7Fv;) = 100%

0.020
D018 ATLAS Observed CLs
' Data2011 7TeV 4.6fb~!
T
2
1 0.010\/\
@
0.005| |
'ZI},N.
. -."
0.0000 130 140 150 160
MH+(GeV)

Way below the ATLAS bounds
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We pay more attention to the survived corner of parameter
space :
o H is SM-like (H,-like since v, > vy)
o Httis close to 1: gg — H similar to SM rate
o HWW is similar to SM: I'(H — WW* — 202v),
I'H - ZZ* — 4¢) and T'(H — ~v) (W-loop dominates)
similar to SM values

o Reduced Hbb can enhance the R, (also Ryw and Rzz)
o Light stau can further enhance the diphoton partial width.
o bb channel and di-tau channel would be checked by further

experiments

IR FH LR RYE P S TR & Liucheng Wang, ZIMP, Zhejiang University
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o The flavor constraints made the large correction in Am,,

inevitable, which leads to enhanced 77 (Also pointed out
by K.Hagiwara et al.)

Rovm 2 rgg % v [Thp
o R.; < 1can be achieved if a new decay H — hh opens up.
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No Enhanced 77~ observed!

Kevin Einsweiler for HCP 2012

The results are consistent with either the background hypothesis, or the SM Higgs
hypothesis. The best-fit i value at 125 GeVis u=0.7 £ 0.7
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o ATLAS: R,.=0.7 +/-0.64;

o CMS:

Ror=1.1 +/- 0.4;

AR FH TR RDE P S LA

o

= ATLAS Preliminary | Lot - 4.6 15" 12 - 7ToV |
8 JLdt=13.01b", \s =8 TeV|
S [ —observed H - ]
TOF" . Expected for SM Higgs Boson 3
Expected for SM Higgs Boson at m, =125 GeV

s 4

0G

Ho
10" E

26
102E 3
1 1 1 L 3

100 110 120 130 140 150
my [GeV]

=3,
=} = = E E DA

Liucheng Wang, ZIMP, Zhejiang University



bb Channel

b has large error bar

100

3 400FATLAS Preliminary T .wzlzz T
o JLdz:l:.o ', 1s =8 Tev .WH 125GeV ]
= eV 3
£ 300 JLdt=4.7m". is=7TeV [ zH 125GeV 1
2 0,1,2 lepton ]
w200 -»-Data - Bkgd —

-100

But u ~ 1 at CMS

] = =
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New H — hh Channel
I'(H — hh) ~I'(hsyr — bb)sar is needed to compensate the
total decay width (Highly fine-tuned though)

0.0
Y Mg =M =500GeV ]
o5 11 = 2800 GeV
. Mg =M = 500 GeV A= =650 Gev
L © £ O tanB=12
1= 2800 GeV £ anf
s -10 A, = —650 GeV g, ,

tanf=12 -
-1.5¢ _af
20l -3

100 200 300 400 500 100 200 300 400 500
Ma(GeV) Ma(GeV)

0 ete™ — Ah with A — bb, A — hZ for M;, ~ 20 GeV, bs and
7s are soft. Evade the LEPII search of 4b + 2627
o WH/ZH with H — hh — 2b27 + 4b + 47 combined

requires 100 fb—! at 14 TeV LHC.
@ gluon fusion requires 300 fb—!
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Dark Matter Direct Detection

o Light higgs h and H may significantly enhance the
spin-independent neutralino-nuclei cross section through
Higgs exchange.

o Light Stop may further enhance this cross section due to
loop contribution to neutralino-gluon scattering.  orees and Nojiri

q |* q [*
TTEL L P ~AOe00008

x x
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For 500GeV stop and M4 <170 GeV, XENON100 put strong

ogi(pb)

Dark Matter Direct Detection

S
~
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XENON100(2012)

1079
MEL = MER =1000 GeVv

~~
~~
~~
S
=<
~——

10—10 I L L I I
130 140 150 160 170
MA(GeV)

180

constraint over this scenario.

Irrelevant if neutralino dark matter is not the only DM

component.
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Conclusions

o MSSM: m;, > 120GeV is nontrival = nondecoupling
gzzn &+ = small M 4

mp+ = M4 > 80GeV

o Is the scenario flavor safe as my+ ~ m4?

o The strong constraint comes from b — s transition:
(I) large PQ and R symmetry breaking with uA; <0
(I1) a light stop M; ~ 500 GeV (M; ~ 400 GeV excluded by
collider, M; ~ 1 TeV excluded by flavor)

{(I) = large Amy = R, 1= H— hhtomake R, < 1

(II) = strongly constrained by XENON100

o LEP bounds: {

Thank you very much!
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