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New M}, Combination

— T
ATLAS and CMS preliminary — Total — Stat. — Syst.
LHC Run 1 - Total  Stat. Syst
N
ATLAS H—yy H—t—e—i—H  126.02+0.51(+0.43+0.27) GeV
CMS H—yy et 1 124.70 +0.34 (+0.31+0.15) GeV

124.51+0.52 (+ 0.52 + 0.04) GeV

ATLAS H—ZZ -1l !

125.07 £ 0.29 (£ 0.25 + 0.14) GeV

ATLAS+CMS 7y [rar——
ATLAS+CMS Il H—t——t—1 125.15 + 0.40 ( + 0.37 + 0.15) GeV
ATLAS+CMS yy+Ilil el 125.09 +0.24 (+0.21£0.11) GeV
PRI SN T AN TS S SN SO S S B e e Ly Ly
123 124 125 126 127 128 129
my [GeV]

m,, = 125.09 + 0.21 (stat.) £ 0.11 (syst.) GeV

dominated by energy/momentum scale calibration
(which is also dominated by available statistics)

Overall 0.19% precision already achieved!
From Moriond 2015.
Aug 28, 2015 3/30
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Method Outline

Mg
THDM(+EWkino)

ma
SM(+EWkino)

u
SM

M,

Gabriel Lee (Technion)

Begin with SM couplings at M;. Buttazzo et al. 1307.3536

Use SM RGE'’s (possibly with EWkino contributions
beginning at 1) to evolve {g:,y;, A} from M; to ma.

Use THDM RGE'’s (in the A\; = 0 approximation) to evolve
{gi, hj, tan B} from m 4 to M.

Compute 1-loop threshold corrections to k.

Compute THDM quartic couplings A; (M) in the MSSM
(with 1-loop, select 2-loop corrections).

Use THDM RGE'’s to evolve {g;, h;, Ax } from Mg to ma.

Compute Ax combinations appearing in Higgs mass matrix
M2 atma. Gunion & Haber 0207010

Evolve {g:,y;, A} using SM RGE'’s in “Higgs basis”, where
) corresponds to the Higgs doublet that receives a vev.

Diagonalize M?3;o at M;.
Compute masses, couplings, angles, etc.
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Matching the THDM to the MSSM at Mg

The general C'P-conserving THDM potential is Haber & Hempfling 1993
V =m20ld; + m2eley — (m2,0]d, 4+ he) + %(@an)z + %@;@2)2
+ A3 (@] 1) (@] B2) + Aa (@] D2) (@] P1)
+ {%(¢I¢2)2 + [,\6(<1>{q>1) + >\7(q>;<1>2)]<1>{<1>2 T h.c.} .

Matching to the MSSM at tree level yields

1
A =X = Z(Q%"-gff),
1
Az = (95— g%),
1
M=—-g3,
4 292

As =g =7 =0.
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Higgs Masses and the Higgs Basis

In the original basis used in the THDM potential, the C P-even neutral Higgs mass matrix is

2
2 2 Si —SBep 2 (fi1 fi2
Migo =4 (—8565 3 ) v (f12 fa2

fi1 = Aich + 2Xecass + Ass
fi2 = (A3 + Aa)egsg + )\GC% + )\75% ,
fa2 = )\28,(23 + 2)\70585 + )\50% .

In the Higgs basis, {4, ¢} }, for which (¢3) = 0, Gunion & Haber 0207010, Carena et al. 1410.4969

2 = (90 g120?
HO ™\ g12v?  m? + gagv?

1
g11 = Mich + Aash + 5(>\3 + X1+ As)s35 + 2525 [chAe + s5A7]
1
gi2 = —5825 [)\1025 — )\2825 — ()\3 + A+ )\5)623] + CBCSB)\6 + 8383BA7 s

1
go2 = ngﬁ [A1 4 A2 —2(A3 + Mg + As)] + As — s2pcag(Ae — A7)

Below m 4, g11 = A, and is evolved using the SM RGE'’s.
Also evolve g12 with the dominant 1-loop 8 ~ 12/-:yf/t[; from Aa.
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Thresholds at Mg

The 1-loop ¢, ZN), 7 thresholds from triangle and box diagrams are well known, e.g. Carenaetal. 9504316

A\Q K K
1 ~ ~
ANz = 6rht A7 (1 - T;) - §h§#4 - ghﬁlﬁ

2 2
Kgg + 9y

O[30 22 - ana - 2]

We also include the 1-loop terms from self-energy corrections to the Higgs fields (e.g. O(hfg2)).

Add leading 2-loop h{g3 and k¢ contributions taken from effective potential in the ma = Mg
case by assigning the corrections to the \;, based on powers of c3, sz in the expression for g11,
e.g. Espinosa & Zhang 0003246

4 2 -~ JN 1 -
Alr9s) 5, = 16/{2h?g§<7 24, + S A7 - EA;*) .

NB:

» The Yukawas above h¢, hsy, h- include the one-loop MSSM threshold corrections, e.g. from
squarks/gluinos, electroweakinos, that are necessary for consistency with our included
thresholds to the quartic couplings. Carena et al. 0003180, Draper et al. 1312.5743, Bagnaschi et al. 1407.4081

» All parameters above are in the MS scheme.
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RG Evolution

gi 9i(My) | Y y; (M)

gs 1.1666 Yt 0.94018

g2 0.64779 UYb 0.0156

gy = /3/5g1 0.35830 Yr 0.0100
Boundary conditions at low scale M; are SM NNLO values of g;, y;, A. Buttazzo et al. 1307.3536
Between Mt and ma, 3—Ioop SM RGE’s (gi, Yjs )\, anom. dim.). see paper for refs.

Between m 4 and Ms: 2-loop type-Il THDM RGE’s (g:, hj, Ak, anom. dims.).  SARAH, Dev & Pilaitsis
1408.3405, 1508.00576

Caveats:
» Threshold corrections to Yukawas spoil assumption of type-Il THDM below Ms.
L= (hy + hy) br®Y* QY +eij (bt + 6ht) IRQY O+ AhybrQh O 4, AhIrQY I +h.c.
However, since the “wrong” couplings are loop- and ¢z suppressed, we expect them to have
a small effect on the Higgs mass, so we assume they are frozen at the high scale.

» We assume tree-level gauge couplings of electroweakinos to Higgs bosons, and use these
in the 1-loop RGE'’s above the scales n = M1 = Mo.

Gabriel Lee (Technion) Higgs Bosons in Heavy SUSY with Intermediate mA Aug 28, 2015 8/30



Outline

e Results for My}, for low tan 3, m 4
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my4 = 200 GeV, u = Mg

My, my=200 GeV, u=Ms, X,=0 My, my=200 GeV, u=Mg, X,=2.45

tang

%)
%)

4 6 8 10 12 14 16 4 6 8 10 12 14 16
Log;[Ms/GeV) Log;o[Ms/GeV]

(Ab = AT = Ms, M2 = M1 = M Yt,NNLO = 094018) =N

Effect of mixing is more important at lower Ms; regardless of X¢, tg 2 3.5 for My, ~ 125 GeV.
The curves in the maximal mixing case exhibit some turnaround: may be due to mixing effects
and how large h; values at low tg affect running.
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10]

my = 200 GeV, p = 200 GeV

M, my=200 GeV, =200 GeV, £,=0
. s

My, ms=200 GeV, u=200 GeV, X,=2.45

8

10
Log[Ms/GeV]

14 16 4 6 8 10 12 14 16
Log [ Ms/GeV]
(Ab = A-r = Ms, Mz = M1 = K, yt,NNLO = 094018)
With light electroweakinos, can push tg to 2 at Ms = Mgur.
o <5 = = = Dacr




10

my = 300 GeV, p = 200 GeV

My, my=300 GeV, 4=200 GeV, £,=0

)

My, my=300 GeV, =200 GeV, &,=2.45

Log o[Ms/GeV]

(Ab = AT = Ms, M2 = M1 = K, ytyNNLo = 0.94018)
Gabriel Lee (Technion)

Log;[Ms/GeV]
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Requiring M}, ~ 125 GeV and t5 > 1, we obtain upper limits on Mg < 10'-10'2 GeV.

DA



TeV scale: m4 = 200 GeV, X; = /6

10000

My, my=200 GeV, u=Ms, X,=2.45 My, my=200 GeV, u=200 GeV, X,=2.45
| ) \
14 1
\
1
1
12
10
8
6| -
4 T .
2000 4000 6000 8000 10000 2000 4000 6000 8000
Ms [GeV] M; [GeV]
(Ap = Ar = Ms, M2 = M1 = p, ye,nno = 0.94018) R
In 1312.5743, found that to get M), = 125 GeV for ma = Ms, X; = V6,5 = 4,
u= Ms: Ms =8.5TeV
pn=200GeV: Ms = 3 TeV
Gabriel Lee (Technion)
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My, vs. X for Different 15

m,=200 GeV, tanB=5, u=200 GeV my=500 GeV, tanB=5, u=200 GeV

X X
—— Ms=1TeV —--o- Ms=2TeV Ms=1TeV ----- Ms=2TeV
corees Ms=5TeV memem Ms=10 TeV e Ms=5TeV e Ms=10 TeV

Significant effect of Higgs mixing at low t5. For tg = 5, the difference in M}, between curves for the same
Mg is 2-3 GeV lower for m 4 = 200 GeV compared to for m 4 = 500 GeV (which is essentially the
decoupling limit).
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Comparison with SUsYHD

ma=Mj, tan8=20, u=Myg

My, [GeV]

Myysy=2TeV, tanf=20
Il Il

-1 0 1 2 3

% X/ msusy

Pardo Vega and Villadoro, 1504.05200

At maximal mixing for Ms = 2 TeV (blue curves), we obtain M} = 126.1 GeV vs. ~ 125 GeV,
but within uncertainties of the SusYHD calculation.
Two possible explanations:

> Use of lower y, \3, o qcp(Mt) = 0.93690 value in SusYHD, about 0.5 GeV effect.

» More complete calculation of thresholds in the ma4 ~ Mg case. see also Draper et al. 1312.5743

Gabriel Lee (Technion) Higgs Bosons in Heavy SUSY with Intermediate mA Aug 28, 2015 15/30



Outline

© Comparison with hMSSM at low tan 3
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The hMSSM
The hMSSM approximation assumes that the Djouadi et al. 1307.5205, 1502.05653

» observed Higgs boson is the light C' P-even scalar h,
» only the radiative correction to the diagonal element in Mi,o corresponding to h is relevant.

In the original basis of the THDM, this implies
M=—A3+M+Xs)=ME/02, X=X =
Ao = MZ /0% + AM%Q/(U2S%).

For the mass matrix in the original basis, this implies that AM3,, AM?, < AM3,. For fixed

ma,tg, trade AM3, for known Mj,,
o MR M 082 i3,
2= M2c2 + m2 s2 — M2 ’
ZC3 A3 i

This yields the expressions:
s (m% + M2 — M%)(M%c% + mis%) — miM%c%B
My = M2 2 2.2 _ a2

zCp T mysp — My

M2 2
—arctan< ( Z+mA)CBSB >7

)

2 2 2 2 2
Mzcﬂ+mA55_Mh

M?2 AMZ, s
_ A 22 Sa 2
9Hhh = — " {252asg+a — C20CB+4a +3 % o ca} (later) .

Q
Il
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When does the hMSSM approximation fail?

In the Higgs basis, recall the off-diagonal element in /\/lfqoz
1
Ag12 = 7552/3 [)\10% - )\25% — ()\3 + A4 + )\5)02g] -+ 65635)\6 + SﬁSgﬁ)q .

For moderate values of tan 3, the only non-cs suppressed term involves A7,

Ne 4,uAt[ 1 1A§]

Y7275 2
(4m)2 Mg 2 12 Mg

A7~
For large A+, u ~ Mg, this can be non-trivial.

Another approach is to examine the expressions for the dominant corrections to gi1, gi12 for
values of my larger than the weak scale and moderate values of ¢, from which one can show
alignment limit in e.g. Carena et al., 1310.2248, 1410.4969

N -1 2 2 3my A7 2 A7
tg Cp—a ™ m% —m2 [mh +mz + W{Atﬂtﬂ(l - GMQ) —p (1 - 2M§) ~
The RG corrections to my, can be absorbed into the first term, but if the third term is large, then
the hMSSM approximation for the mixing angle « fails.
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Comparison with hMSSM: Mg = 5 TeV, )?t =28, u/Mg =2

Aa/la], Mg=5 TeV, X,=2.8, 4=2 Amy, Mg=5 TeV, X,=2.8, =2
. : 10 . )

1200 H 300

tanf}
tang

%)
o

Y-08
Ketal

200 250 300 350 400 200 250 300 350 400
my [GeV] my [GeV]

Blue solid lines: (crupM — @nmMssM)/|@THDM| OF M E, THDM — M H hMSSM
Red dashed lines: values for argpn OFf My, THDM

Grey lines, bottom—top: (dot-dash, dash, solid, dash, dot-dash) are M}, = (122,124, 125,126, 128) GeV

[m] = =

Dac
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~
Comparison with h(MSSM: Mg = 5 TeV, X; = —1.5, u/Mg = 2
Aa/lal, Ms=5 TeV, X,=—1.5, p=2 Amy, Mg=5 TeV, X,=—15, 4=2
. 10
400
8
? 6
4 \
5 -06 s
-08 -
200 250 300 350 400 200 250 300 350 400
my [GeV] my [GeV]
For 1 > 0, we can achieve a similar discrepancy of 15% with negative mixing values that are smaller in
magnitude.
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Outline

o The Low-tan 3-High Scenario
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Description of the Low-tan 3-High Scenario

Scenario proposed by the LHCHXSWG BR group to investigate parameter choices necessary in
the MSSM to obtain M}, = 125 GeV for low g, m 4. LHCHXSWG-2015-002

At low ¢z, even with maximal stop mixing, large values of the SUSY scale Mg are required to
obtain M} = 125 GeV. For such large values of Mg, fixed-order calculations are less reliable,
s0 resummation was introduced in FEYNHIGGS 2.10.

Assumptions:
» All sfermions and the gluino have masses at Ms.
> The stop mixing parameter in the OS-scheme is set according to
> b5 <2: X0 =2,
> 2< 15 <86 XOS = 0.0375t% — 0.7t + 3.25,
> 8.6 <tz < 10: X908 =0.
» Other Higgs-sfermion trilinears are fixed at 2 TeV.
> 1 =15TeV, M2 = 2 TeV,and M1 = M> - 5/3tan? 0y (GUT relation).
We examine the parameter space for 175 < m4 < 500 GeV, 1.1 <tz < 10.
We compare Higgs masses computed by FEYNHIGGS 2.10.2 with our calculation.

NB: we convert the OS parameters Mg, X to their MS values at 1-loop.

Gabriel Lee (Technion) Higgs Bosons in Heavy SUSY with Intermediate mA Aug 28, 2015 22/30



My, g1, low—tan—high

M rupm, low—tanB—high
120
1225
8
115
1200
6 ‘
n7s = "
4
1150 N
1125
| ‘ 100

200 250 300 350 400 450 500 200 250 300 350 400 450 500
ma [GeV] ma [GeV]

tang
tang

Our effective THDM calculation clearly yields much lower values of Mj, at low tg across the
range of ma.
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M), ., low—tanf—high

M, my=200 GeV, =200 GeV, X,=2.45
1200

1175
200

250 300

1150
350
my [GeV]
untiltg ~ 3.

400

450

500

4 6 8 10 12 14 16
Log,o[Ms/GeV]
Earlier result: for even lighter electroweakinos, My, = 122 GeV not achieved for Mg = 100 TeV
[m] = =




AppMj,, low—tanS-high

o I i ApMy,, low—tanS-high, y,nLo
. . o
f -25
-50
| 8
=50
| -5
; | ) s
2 | -100 g
-10.0
[ -125
| 4
: 150 o
: 2 150
-175
T200 250 300 350 400 450 500 TU2000 250 300 350 400 450 500
ma [GeV] ma [GeV]
AM;, = My tHDM — M}y, FH Using Yy nno = 0.94018 (left) and y¢ nLo = 0.95113 (right).
Top-bot: ([dot,] dot, dash, solid, dot-dash) are AM;, = —([1,]2, 3,5, 10) GeV, with [] for the right plot.
L: AM), ~ —210 —3 (—3to —5) GeVfor 5 < t5 < 6.5 (4 S tg < 5).
R: AMjp, ~ —2t0 —3 (—31to —5) GeVfor4 Stg $4.5(3 St S4).
Note that with y; nLo, agreement with FEYNHIGGS is within 1 GeV for ¢ g > 5.5.
o & = = El= DAl
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Comp. with FEYNHIGGS: o, m g

Apna/|arapml, low—tanS—high

0.125 Apumyy, low-tanS-high
10
0.100
8 )
0.075
6
0.050
4
\ 0.025
2

200 250 300 350 400 450 500

tang

200 250 300 350 400 450
ma [GeV] ma [GeV]

y¢,NNLo = 0.94018.

L: Top-bot: (dot, dash, solid, dot-dash) are |arupm — arul|/|laTupm| = —(1,2,5,10)%
R: Top—bot: (dash, dot, dot, dash, solid, dot-dash) are

MH THDM — MH FH = (2, ].7 —1, —2, —5, —10, —15) GeV.
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Comp. with hMSSM: o, m g

Anmssm@/laripml, low—tan-high Anmsswiz. low—tanB—high
004
0
003
25
=3 =3
g 002 =
50
001 75
- -100
200 250 300 350 400 450 500 0
ma [GeV] ma [GeV]

Using My}, from THDM.

L: Top-bot: (dot, dash, solid, dot-dash) are |erupm — anmssm|/leTapMm| = — (0,1, 2, 3)%.
R: Top—bot: (dash, dot, dot, dash, solid, dot-dash) are

ME,THDM — M hMssM = (2,1, —1, =2, -5, -10) GeV.
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10

Comp. with h(MSSM: gph
ApiphrHDM > low—tanS—high

10

Adpn/IAnriom |, low—tanS—high

)

250

300 - 350
THDM expression:

400
my [GeV]

0.5~
450
THDM on left, difference with hMSSM using M}, from THDM on right.

~ T -
250 300 350 400 450 500
my [GeV]
Gunion & Haber 0207010
JHRhR = —3’1)850%{ - /\Gsiﬂtgl + SaBCas [()\1 — A345)Sa8
+tg (AG(QCaﬁ + 5ap) = A7(280p + CaB))
+ Capth (=2 + >\345)] + )\7Ci[3t?a} — A345VCa—g -
% «@r «=r < EH» E= DAl




Summary of the Low-tan 5-High Scenario

» We obtain values of M}, that are at least 2 GeV lower than that of FEYNHIGGS. Between
tg ~ 4-5 (tg ~ 2—4), this disagreement worsens to 3—-5 (5-10) GeV.

» Using the ~ 1% higher NLO value for the top Yukawa softens the discrepancy, especially at
larger tg, but large discrepancies at low tg < 2 still exist. The remaining difference may be
due to the implementation of resummation in FEYNHIGGS.

» Fractional discrepancies in o, my reach 10-12% at very low values of tg < 1.5 and
ma < 200 GeV.

» Using our value of M}, discrepancies in mu, o, gnn With the hMSSM are at most about
5-7%.

» Choice of M}, value (which controls the radiative correction) used in hMSSM equations has
large effect on agreement with THDM, especially for values of o, g nh -

Overall, we conclude that the hMSSM is a reasonable approximation in this scenario due to
mixing values generally away from maximal mixing, except low ¢z when M3 is large; however
w, My, M are fixed to be small.

According to our results, larger M input values are at low ¢ in order to achieve M}, = 125
GeV.
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Conclusion

» The effective THDM method provides a simple approach for precision calculations of Mj, in
simplified heavy SUSY, intermediate m 4 models.

» Depending on whether there are light or heavy electroweakinos, requiring M}, ~ 125 GeV
and tg > 1 for fixed values of m 4 can yield lower bounds on ¢z or upper bounds on Ms.

> There are well-motivated parts of parameter space (large A, 1, moderate tg, alignment
limit) in which off-diagonal radiative corrections to the Higgs mass matrix cannot be
ignored, as in the hMSSM.

> In the low-tan 8-high scenario, we find values of M}, that are between 2 GeV lower (for
tg 2 6.5) and 15 GeV lower (for tg < 1.5) compared to FEYNHIGGS.

> Disagreements for or, m g with the results of FEYNHIGGS and the hMSSM approximation in
the above scenario can reach 10-12% and 5-7%, respectively.

> A careful study of the difference between our effective theory calculation and those of
FEYNHIGGS is needed, especially of the resummation.
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1-loop Corrections to \;

Thresholds from decoupling ¢, 57 T

12 12
(1) _ kK 4.4 4 72 Ay 4 72 A
AN = = Dh{at + 6nhy A (1- E> + 2kt A7 (1 - ?;)

2 2
2oy [3h7a” - 3hp A7 — 0242,
A\Z
AN, = 6rhiA? (1 - E) - gh;‘ﬂ“ - ghﬁﬂ“

2 2
BT T2 A2 — st - 020,
AW = gfﬁ [3h (3— A2) +3nE(3— A2) + h* (3 — Zi)]
K -~ ~ ~ o~
+ Shihy [3<At +A)7 = (3% - A Ay) - 677

K g3 —
2 4

K -~ —~ Pe
AV, = o [3h(3 = A7) +3hi(3 — A7) + h2(3 — A2)]

[3h (A7 = 4%) + 3hi (A7 — ) + B3(A2 = %),

K —~ o~ ~ o~
- Shin; [3(At + A% — (a2 - A, A)° — 6/22]

+§§[3h (A7 = 4%) + 3K (A7 — @) + W2 (A2 - %) |

AW = 6;1 [3h{ A7 +3ny A7 + 01 A2,
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1-loop Corrections to \; (cont.)

K —~ ~ ~ o~

AN = gﬂ[Shf[fAt + 3hEA, (A2 —6) + h1A, (A2 - 6)] ,
K ~ o~ —~ —~

A, = g,z[gtht(Af —6) + 3hin%A, + hﬁﬂzA,] .

From redefinition of the Higgs fields (self-energies):

kg2 + g2 N N
AP = —5% [3h232 + 3h3 A7 + 2 A2]
2 2
+ - ) A
AP, = _g% [3h7 A7 + 3hp® + h24]
2 2 . .
AN =~ ISR (AT + ) + 3h{(A; + %) + R2(AZ + %))
(1) /-cg% 2,72 ~2 2,72 ~2 2 72 ~2
AN = 252 [3hT(AT + %) + 3K (A7 + %) + (AT + )]

AP =AM = AP N, = 0.
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ma = 300 GeV, u = Mg

My, my=300 GeV, u=Ms, X,=0 My, my=300 GeV, u=Mg, X,=2.45

10 .

8

6]

g
4
2
4 6 8 10 12 14 16 4 6 8 10 12 14 16
Logo[Ms/GeV] Log o[Ms/GeV]
(Ab = A-r = Ms, Mz = M1 = K, yt,NNLO = 094018)
tg 2 2.5-3 is needed to achieve M}, ~ 125 GeV.
o F =) E|= DAl
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30

)
5

TeV scale: m4 = 200 GeV, X; = 0

My, my=200 GeV, u=Ms, X,=0

25

1
1
1

v

My, my=200 GeV, u=200 GeV, X,=0

5000 10000 15000 20000

Ms [GeV]

25000 30000 6000

(Ab = AT = Ms, My = M; = My Yt ,NNLO = 0.94018)

In 1312.5743, found that to get M}, = 125 GeV for ma = Ms,)A(t =0,tg = 20,

u=Ms: Ms =15TeV
pn=200GeV: Ms =6 TeV

Gabriel Lee (Technion)
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Ms [GeV]

14000
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TeV scale: m4 = 300 GeV, X; = /6

My, my=300 GeV, u=Ms, X,=2.45 My, my=300 GeV, u=200 GeV, X,=2.45

2000 4000 6000 8000 10000 2000 4000 6000 8000 10000
M [GeV] Ms [GeV]

(Ab = AT = Ms, My = M, = My Yt ,NNLO = 0.94018) N

In 1312.5743, found that to get M), = 125 GeV for ma = Ms, X; = V6,5 = 4,
u= Ms: Ms =8.5TeV

11 = 200 GeV: Ms = 3 TeV
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Deriving Differences with the hMSSM

The dominant 1-loop radiative corrections to the 11 and 12 elements of Milo in the Higgs basis

are
3v?shhi M?2 N X2
2 2 2 g s 2 i
g1v° = mzcys + 82 ln<m$>+)(t 1 B ,
3p2s2 A ) %% +A) PPN
2 2 Bt Mg Xe(Xe + Y2 XY
120 T {mzcw 1672 ﬁ[ln <7mf> * 2 12 } ’

where X; = X;/Ms, X; = A; — ju/t is the stop mixing parameter associated with the

coupling of the SM-like Higgs to the stops, }A/; =Y:/Ms and Y = A; + utg.
The mixing angle is
—g1202
Choa =

V(my —m3)(m3; — gue?)

and for moderate-large values of ¢z, doing a Taylor expansion yields the result.
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Comparison with hMSSM: Mg = 100 TeV, )?t =28, u/Mg =2

Aa/lal, Mg=100 TeV, X,=2.8, =2 Amy, Msg=100 TeV, £,=2.8, p=2
. 10

200 300 400

e g °
4
e
200 250 300 350 400 200 250 300 350 400
my [GeV] my [GeV]

Larger Mg implies smaller ¢ 5 needed for M}, = 125 GeV, so effect is reduced.
Here, ~ 2% differences compared to up to 20% in previous slide.
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Gabriel Lee (Technion) Higgs Bosons in Heavy SUSY with Intermediate mA



Comparison with h(MSSM: Mg = 10 TeV, X; = 2.8, u/Mg = 0.1
Aa/lal, Ms=10 TeV, X,=2, u=1 TeV Amy, Ms=10 TeV, X,=2, u=1 TeV
10 .
. :
g ¢ 03
4 0
=05
2 “ o7 001 0.005
002
200 250 300 350 400 200 250 300 350
my [GeV] my [GeV]
Small values of u have two effects:
1. Off-diagonal element is suppressed with u© < Mg,
2. Light EWkinos push M}, up, so smaller ¢ is needed for Mj,.
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Comp. with FEYNHIGGS Using y; nLo: o, mpy

Apna/|@ripml, low—tans-high, y,nio

Apyymy, low—tanB-high, y,xio
10 10
0.10 !
8 8
0.08 5
] 6
6 006 o
= =10
. 0.04 4
15
" \\
. -20

200 250 300 350 400 450 500

tang
ang

0 200 250 300 350 400 450 500
ma [GeV] ma [GeV]

Yento = 0.95113.

L: Top-bot: (dot, dash, solid, dot-dash) are |arupm — arul/|aTapm| = — (1,2, 5,10)% R: Top—bot:
(dash, dot, dot, dash, solid, dot-dash) are m g TepM — ma,Fa = (2,1, —1,—2, -5, —10, —15) GeV.
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Comp. with hMSSM with M}, from FEYNHIGGS: o, m g

Anmissm@/laripml, low—tang-high 0.15 Anwssmi, low—tanB—high

0.10 -10

tang
tang

-20

005

200 250 300 350 400 450 500 0 200 250 300 350 400 450 500
ma [GeV] ma [GeV]

Using M}, from FEYNHIGGS].

L: Top—bot: (dot, dash, solid, dot-dash) are |aTHDM — ahMSSM|/\aTHDM| = 7(1, 2,5, 10)%.
R: Top—bot: (dash, dot, dot, dash, solid, dot-dash, dot-dash) are

My THDM — MH hMssM = (2,1, =1, -2, -5, -10, —15) GeV.
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Comp. with hMSSM with M}, from FEYNHIGGS: gghn

ApphrHDM > low—tanB—high

THDM result:

250 300

350
my [GeV]

400 450 500
Gunion & Haber 0207010
9Hhh = —3’1)850%{ — /\Gszﬂtgl + SaBCap [()\1 — )\345)Sa5
+1ip ()\6(20(15 + Saﬁ) — )\7(25aﬁ + CQB))
+ capth(—A2 + >\345)] + >\7C‘33t‘?§} — A345VCa—3
o =3 = E = DA
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