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What is the nature of 125 GeV state observed at the LHC?

e a substantial excess in the di-photon final state
e a more or less SM-like rate in the ZZ — 4/ channel
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2DM: two complex doublets ®; and ®, (Y = +1)
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© NO spontaneous CP breaking
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2DM: two complex doublets @1 and ®, (Y = +1)

V =m? 0l + m2,old, = [m§ oo, +h. c]
+ %,\1 (¢I¢1) Ao (¢ ¢2)2 TW (d>1<|>1) (¢§¢2) W (¢J{¢2) (¢§¢1)
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The models we studied

@ Type | and Type Il models: tree level FCNC are completely absent.

@ NO explicit CP violation
© NO spontaneous CP breaking
Q "soft" Z» symmetry (®1 — ®1, 2 — —®D>) breaking: m2, #0;

2 CP-even neutral scalars: h, H
Q@ 1 CP-odd neutral pseudoscalar: A
2 charged scalars: H*
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Basic Constraints

@ Theoretically, (denoted jointly as SUP)
© Vacuum stability
@ Unitarity
© Perturbativity

o Experimentally,

@ Precision electroweak constraints (denoted STU).

—0.3<5<0.33;,-0.34 < T <0.35,-0.25 < U < 0.41 (£30)

@ LEP constraints on Higgs mass limits.
© B-physics constraints.

© the anomalous magnetic moment of the muon da,, = (g — 2)5* (IGNORED).
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@ h or H either lies at 125 GeV.

125 GeV Scalar Bosons in 2DMs
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SUP DECREASE the maximum ~~ rate (Type Il)
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The signal at 125 GeV cannot be pure A since at the tree level the A does not couple to
ZZ, a final state that is definitely present at 125 GeV.

@ h and A both lie at the 125 GeV mass.
°
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~7 Enhancement achieved (Type I)

‘ mp = 125 GeV, my ~ 125 GeV
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~7 Enhancement achieved (Type I)
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o RIFA(y7) can be significantly enhanced.
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~7 Enhancement achieved (Type I)
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° Rg‘g(fyfy) turns out to be tiny at large tan 3.

@ Large 77 rate at small tan 3 because of the A contribution.
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~7 Enhancement achieved (Type I)
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@ Rzz(y) turns out to be tiny at large tan .
@ Large 77 rate at small tan 3 because of the A contribution.
@ Only tan 8 = 20, both an enhanced ~ rate and SM-like ZZ and 77 rates!!!
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~7 Enhancement achieved (Type II)

2HDM (typell) m;=125 GeV, m,=125.1 GeV
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~7 Enhancement achieved (Type II)

2HDM (typell) m;=125 GeV, m,=125.1 GeV

()

1000 ‘
o ponsins o Substantial enhancement in the R%™
okay g
100 STU okgy 1 can be achieved.
B/LEP+STU okay
s SUP okay . .
e 10p BALEPSUP okay o Mostly associated with
s e o o A
_E 2. all okay h+A h+A
5 - BN 1 R&™(ZZ) > Rg"(vv) (contrary to the
4 .
. LHC observations).
01 F 1
0.1 : i
0 10 15 20
tanf
2HDM (typell) m,=125 GeV, m,=125.1 GeV 2HDM (iypeTl) m,=125 GeV, m=125.1 GeV
35 — — —_—————
anp=0.5  * anf=05,
3t : e+ 3t it
SN SN
§ 2st s 1 §8oast o 1
<= — < o
s 2| tanp=4 i s ol tanB=4 i
H - 5 .
SRER : T 15 :
T ', P rrrim. i ', N
s 1 £ = ts 1 ——t—
S S
0s | : 05t 1
0 02 04 06 08 1 12 14 16 18 0 05 1 15 2 25 3 35 4
R RYm)

Yun Jiang

htA
Ry "(ZZ) < 1.6 only

125 GeV Scalar Bosons in 2DMs

4
10 / 19



~7 Enhancement achieved (Type II)

2HDM (typell) m;=125 GeV, m,=125.1 GeV

()

1000 ;
o ponsins o Substantial enhancement in the R/
ay
100 ¢ STU oy 1  can be achieved.
B/LEP+STU okay
’;\ SUP okay . .
e 10p BALEPSUP okay o Mostly associated with
5 gec e e allokay 4
3T 1 REAZZ) > REA(77) (contrary to the
4 .
. LHC observations).
01t 1
. @ The exception has large 77 rate.
0.01 ‘ .
0 10 15 20
tanf
2HDM (typell) m,=125 GeV, m,=125.1 GeV 2HDM (typell) m,=125 GeV, m,=125.1 GV
35 —————— — 35 ————
anp=0.5  * anf=05,
3t y wpet 3+ wpe® e
tanf=2 * tanf=2 .
@ 251 tanf=3 ) S 257 tanp=3 7
< <
s 2| tanp=4 ] s ol tanp=4 ]
& - X .
£ 15] 1 T 1sf i
< ', O rrrre < . AV
ts 1 g = ts 1 ——t—
S S
05t . 05t 1
0 02 04 06 08 1 12 14 16 18 0 05 1 15 2 25 3 35 4
A, ks
Ry m) h+A R
= Ry "(ZZ) < 1.6 only .
Yun Jiang 125 GeV Scalar Bosons in 2DMs

4
10 / 19



Conclusions

o It seems likely that the scalar boson responsible for EWSB has
emerged. Perhaps, other scalar objects are emerging.

o In the 2HDM,

@ In both Type | and Type Il models, SUP plays the key role in limiting the
(possible) maximal ~+ enhancement.

@ The Type Il model is unable to give a significantly enhanced v signal
while maintaining the SM-like ZZ and 77 rates.

© The Type | model could provide a consistent picture if the LHC results
converge to only a modest enhancement for Rgg(fy'y) < 1.4,
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2HDM: two complex doublets ®; and ®, (Y = +1)

n %)\1 (¢I¢1)2 T %,\2 (¢§¢2)2 s (¢I¢1) (o§¢2> 1o (o}cbz) (¢§¢1)

+ {%,\5 (01®2)" + [1e (¢101) + 20 (o02)] (o]@2) + h.c.} ,
0<B< /2 —n/2< a< /2

o Free independent parameter set

tan 8, m2;, m3,, m?,, A1, A2, A3, A4, A5, Ag = 0, A7 =0

( Higgs VEV Minimizations )

/3) m%z) &, Mp, My, MA, Mp+
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Experimental Constraints

LEP constraints on Higgs mass limits

e
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Experimental Constraints

B-physics constraints (BR(Bs — Xs7), R», AMs,, ex, BR(BY — 77v;) and
BR(BT — D7%v.)): set up lower bound on myz.
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2HDM Scan

We have performed five scans over the parameter space with the range of

variation.
scenario | scenario 11 scenario 1] scenario [V scenario V
mn [CeV] 125 Ti0, ., 1249] %5 % 10, ., 1249]
mp [GeV] | 125+{0.1,...,1000] %5 351 T35 [0.1,..,1000] %5
ma [GeV] | {10,...,1000} T10,...,1000] [10,...,1000) 1351 5.1
g [Gev]| 1500 (tan B=0.5); 800 (kan B=1); 250,350 (tan A—2); 00,150,250,350 (tan B > ) for Type |
' 600 (tan =0.5); 500 (tan 3=1); 340 (tan 5 = 2); 320 (tan 3 > 2) for Type II

tan 5 {0.5, ..., 20}

sin o {-1,...,1}
mia [GeV7] {10007, .., 10007}
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vy — ZZ rate correlation (Type Il)
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In the Type Il models Rgg(ZZ) > Rgg(yy). = They seems to be disfayored.
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