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HE* > Wty

e HE Search channels:
*tv/cs/th Fermionphobic

* WZ Alignment/Low mass region
* Loop induced, effective Form:

M =THeV*(k)er(q), with T = (¢"k-q — k'q")S + i(”"”"/w'n(l.fg-

» Source of S and S, particles in the loop:
e S: Fermion, Scalar, Gauge boson

~

e S: Fermion

* For Fermionphobic scalar:

~

+ §$=0



HT* - W2y

e Effective Form:

M = F""E,‘}'*(/\):”*(q) with I'" = (¢"k-q— k"q")S + ‘1'.6"””‘3117(1(1;33

+ Decay Width: 1w = 2 [1- ] s s

321 m”+
e Differential Distribution:
. considering W leptonic decay: HT -» Wty —» yity
IM[?* o THTP el el Tr(p Yo PLp, )

= T {sm 2\ISE + (52| = 4(pe - q) (e — miy) ISP + 1S — 2Re(55")]
+(m3s —miy) {\S] +[S]*> — 2Re(SS" )]} (2.3)
S . Pe-q
= —, K = 0,1
=S ) (m3. —miy)/2 € 0.1

IMP? o 2K [1+ [r|*] + (—2K + 1) [1 + |r[* — 2Re(r)] .
Parabolic distribution
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H* - Wty
e Effective Form:
M =T eV (ke (q),  with

* Decay Width: r#u* -

e Differential Distribut

e considering W lepto
M o PRI ele) Te(p, e Pup,
”12 4

= 2 {8(pe-a)? ISP +131

2
+(m3s —miy,)? {\S]z - \E

pe-q

K= -— T
(m3. —miy)/2

€

I]
Cf)| U

0.0005
my+ = 150 GeV r=-1.0
0.0004 r=-04
r=0.0
*é’ r=0.4
:) 00003 r=1.0
aﬁ
s
3 0.0002
z
0.0000)=""5000 4000 6000 8000
peq [GeV?]

IM? < 2K? [1+ |r|?] + (2K + 1) [1 + |r|* — 2Re(r)] .

Parabolic distribution
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GM model

* One complex doublet + two Triplets:
* One Real triplet + One Complex triplet
0 + ++
0% ot X &7 X
(I): ( O+* OO). )(: \—+—* E() \-+— .
—¢ ¢ Yt =gt 0
e Scalar Potential:  #3, #3, A1, A2, A3, Mg, As, My, M.
2 2
V(®,X) = %Tr(q)*(b) + %Tr(XTX) + 0 [Tr(@0)]2 + A Tr(dT®) Tr(X T X)
FAsTr(XTXXTX) 4+ Ag[Tr(XTX)]? — AsTr (@172 ®7°) Tr(X 1t X t0)
— M Tr(® @7 (UXU ) oy — My Tr( Xt Xt (U XU g

U, Sg. COSQ, My, My, m; ms, | M.
Similar to tanf in SUSY/2HDM \
! Proportlonal to sy
Triple scalar coupling

Gauge Couplings
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GM model

* One complex doublet + two Triplets:
* One Real triplet + One Complex triplet

O ot \‘0* &yt
CI):( ' ) X=[—y" 50 al

A% 0
¢ ¢ ++* £—+—* \()

e After EWSB, under the custodial SU(2):

; . 2 0,r \/T 0O.r

. . Iy X v 0_ _ 0,i . 2\/51;
Triplet: H; SO +cy 5 : sad” + e ™ sy =sinfy = X,

Fiveplet: H. " = ™"

v

2
Singlets: H? — O().r. H?l — _é-().r + \/jX().r’.
3 3 h=coH) — s, H,

H = s H{ + c HY'.
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Benchmark Scenario in GM model
* HZ Decays: /

* Tree level: H; Heavier Than Hs s -

H, _-v |

CHEHY HEZ wERS LT
« WtZ «sing, \\
* Loop Induced: ]
- Wiy ™ = (¢"Fk - q — k"q")S + 1" PkyaqsS
Sy s sin6, 0, Qem 3V2Ms\ Ii(Ts, Xs) B 11(73,)\3))
5 Y T 2 \sw/\ 4my, 4m3;,

e Parameter choice in GM model:

m5,SH,M2 m%:m§+5m2, ,L;Q:—(),l.S—ﬁ.
3 ¢
mi = ms + §5m2 + Kpv°syy, oo Ms
/3 5 7 7100(GeV)
M, = — (m% + —5m2> sy + 3Mysy; + Ky, vsh, K%
v 2 ‘ Ky = — Th

Sa = RaSH,
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Benchmark Scenario in GM modelm

+ B
* H- Decays: v
e Tree level: :
* H?,i H?(,) 1(,)_1'5-
« WEXZ
* Loop Induc “_)_2'_
Y Wiy B E
sin@,—0 2 7 ‘,'
SHE,i—>Wify — 7 1077F

 Parameter cf

1074k
" E
mS’ SH’ M2 m : g
000 2000 300 400 500
A m5|GeV] w2 = 40 Gev
Sa — RaSH, b
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H;—r Production:

* Consider Small sy region:
* Drell-Yan dominant, only depend on Mass

/7 7 7
7 V4 /7
/H+ /HJr /H+
Zly o7 w0 w- 0
\\H5_ \\H5O \\51-5__
\
- /s =14 TeV

; — o(pp—~H:HY)
10°F — o(pp—~H:HY)
_ - — o(pp—~H:H;)
_Q =
[
o
10°

T T llllll]

LO Cross Section from MG5

|
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| | |
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Simulations:

e UFO mOdel ﬁIES: http://feynrules.irmp.ucl.ac.be/wiki/GeorgiMachacekModel
(QCD@LO+EFT/QCD@NLO +EFT available in FeynRule website)
* Loop Induced SVV couplings are included (no only Wy):

™ = (¢"k - q — k*¢")S + i€ *PkaqsS

» S/S as External input (calculated by GMCalc)

e
## INFORMATION FOR NEUTRALFORMFACTORS ## INFORMATION FOR REXCHARGEDFORMFACTORS

HHHHH A R AR
1 3.541890e-06 hsngaga 1 6.239490e-07 # thspra .
.899730e-06 # h5nzga 2 0.000000e+00 # rxh5pwgatilde(debug) Leave for DEBUG
. 8746100-06 h3ngaga 3 2.021440e-06 # rxh3pwga
460320e-06 # h3nzga 4 2.124940e-06 # rxh3pwgatilde
. S
+267160e-05 # h3ngg ## INFORMATION FOR IMXCHARGEDFORMFACTORS
-681870e-07 # hhgaga T S
-870980e-07 # hhzga BLOCK IMXCHARGEDFORMFACTORS #
219000205 # hhag 1 4.616660e-06 # ixh5pwga Calculated by GMCalc 1.4.0
.114730e-05 # hlgaga 2 0.000000e+00 # ixh5pwgatilde(debug)
10 5.752290e-05 # hlzga 3 -3.678550e-07 # ixh3pwga
11 5.099820e-05 # hlgg 4 5.140060e-07 # ixh3pwgatilde

3
4
3
1
2
9
3
1
3

HOHOH R R B HRH

2
3
4
5
6
7
8
9
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http://feynrules.irmp.ucl.ac.be/wiki/GeorgiMachacekModel

SI m U ‘ at I O n S : http://people.physics.carleton.ca/~logan/gmcalc/

 GMCalc Updated accordingly (v1.4.0 available now):
* Generating the corresponding Parameter Cards for MG5

simulation

e Extra S/S Block.
* Decay Table for Scalars(h/H/H3/H5) including loop induced
channels.

e 5 different input sets.
 INPUTSET 3 using the physical parameters

* my, My, M3, Ms, Sy, S, M1, M5 045 M5
* One benchmark choice: _ 1000(GeV)

"= T100(GeV)

m; = mz + om?,

ms € [80,200] GeV, P
_ _Ka

3
. N 2 _ 2 9%¢ 2 22 - -
Sm2 300 GeV )2_ my = ms + 2(5m + KU S}, Roxs 10

(
M, € [-100,100] GeV p — ? <m2 - 5m2> o+ 3Mys? 4 p v
sgp << 1

Sa = RaSH,
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Pheno Study at the LHC

* Signal: 1-lep + 1-photon inclusiVe (ziep+ 2-photon working in progress)
pp — HZH) = WSy + X =Ly v+ X,
pp — HFHIT - Wy + X -y v+ X,
pp — HIH; - WSy + X Ly v+ X.

* Assumptions:

BR(HZ* — W*W#) = 1 and BR(H? — 77) = 1.
BR(H: — W*Z) =1 —BR(H: — W*y).

* Loopholes:
* Model dependences pp
* Backgrounds: pp

pp
pp
pp
pp

— WEy = Ly,

= Wy = Ly 7,

S WW ™y =Ll v+ X,
S W W vy s lvy, v v+ X,
—tty =Ly v+ X,

S W2y >l v+ X.
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Pheno Study at the LHC

e Simulation:

* MG5 (GM-UFO with Effective Couplings)
* PYTHIA + Delphes

e Selection:

* Lepton & Photon:

* At least one lepton & one Photon
* With PT > 25 GeV, |eta| <2.5 - Fixed

e Jets & b-Jets:
 No more than 2 jets with PT > 20 GeV

* No b-tagged jet y
e Other Variables: N
* MET, HT
D - q, > Scanned for different m5
€+’7+ET

Pr /



Pheno Study at the LHC

e Results:
e Upper limits on "Fiducia
(0 X BR)Fiducial = €H5ngU(pp — HE:)EHE?)BR(H;: — FVV)

I’ inhomogeneous

Ccross section:

+ eyzprFo(pp — HFXHIT)BR(HF — (Fvv)
+ €y (pp — HS HZ) [2BR(H — (Fvy) — BR(Hy — (Fvy)?].

0.8F 0.1
0.7f pp—> H; X > Fy+X k 14TeV,pp — HH,
T o6 95% CL Upper Limit 0.08
= 14 TeV, 300 fb™ -
§ 05  0.06
EE 0.4 = 8
& 02
= 0.02
0.1
ot 0

L L Ll L - L T | L Ll L - L - L -
80 100 120 140 160 180 200 80 100 120 140 160 180 200
m, [GeV] m, [GeV]
mg < 100 GeV. Not reliable
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Pheno Study at the LHC

e Results:

imi : Another loophole:
* Upper limits on Branch Ratio: nother loophole

inhomogeneous
(U X BR)Fiducial = EHSngO-(pp — H;HQ)BR(HE)i — FVV)

——Solving BR €— +¢€yzyzs0(pp — HFHIT)BR(HI — (Fv7y)
+ ey p-o(pp — Hy Hy) [2BR(H5 — Fvy) — BR(HF — Fvy)?]

0.15
95% CL Upper Limit
. 14 TeV, 300 fb™
o=
+ 0.10
=
Tm
\— E
oc
o0 0.05
0.00

| L T L T L a1 L
80 100 120 140 160 180 200
m; [GeV]
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Interpretation in GM model
¢ SH/M2 VS Mg

It L
[ = M, >0 [ M, <0
OF W oF Wa
"""" 7 e 7
—~ —1F : <& —1F
—~ a ," / - L \
S 3 / —~ I \
5 —2p- N~ |? —2F
ér_ N e ‘\,-.\/\ :j_ , _ -,,,\.,.\,\7
—9 eST—— — —of N
- S - : \\\
—4F T-..’?j: - —4r _—
=l o o b o2 o La s a2 24 L s 2 2 29 La a2 2 4 | P [l MRS T S N T T La s 2 2. Lo s 2 3 Lo a2 2 2 4 | P
- 100 120 140 160 180 200 —9 100 120 140 160 180 200
m; [GeV] m; [GeV]

* Result for mg < 100 GeV is not good enough
* yy results recast from 1407.6583 (ATLAS 8 TeV)

Also see 1603.00962/1805.01970 for
diphoton searches in Drell-Yan production
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Summary

* Wy channel for low mass region (~100-200 GeV)
and in alignment limit

* Implementation in UFO model files for simulation
* GMCalc for spectrum generation

* Prospects at the LHC
e Exclude mass up to 130 GeV.
* Exclude low sy region (aligned region)
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Pheno Study at the LHC

e Simulation:

* MG5 (GM-UFO with Effective Couplings)

* PYTHIA + Delphes
e Selection:

* Lepton & Photon: 0251
* At least one lepton
. With PT>25Gev, _ **°f
* Jets & b-Jets: 5 015
* No more than 2 jet %
* No b-tagged jet g 0.10 -
e Other Variables: < 1.
« MET, HT 005
e+v+ET/o).ooIFrf{ .
T 0
Pe - g,

2018-09-19

m5=150 GeV

300

200] |
P MET [GeV]

100
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Pheno Study at the LHC

e Simulation:

* MG5 (GM-UFO with Effective Couplings)

* PYTHIA + Delphes

e Selection:
* Lepton & Photon:

* At least one lepton ¢
* With PT > 25 GeV, |
* Jets & b-Jets:
 No more than 2 jets
* No b-tagged jet
e Other Variables:
* MET, HT

€—|—’7+ET
T

Pe - 4,

2018-09-19

0.07

0.06

0.05

0.04

0.03

Arbitrary Unit

0.02
0.01(

0'OOO 2000
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% I
|\'|
)

4000 6000 8000

p.d [GeV’]
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Pheno Study at the LHC

e Results:

* Upper limits on Branch Ratio/ Hs Hs Only:

(U X BR)Fiducial = GHgtHgO'(pp — H;Hg)BR(HE)i — giV’Y)

——Solving BR €— + ¢z ys=0(pp — Hs Hi 7)BR(H; — (1)
+ EH5+H5—0'(pp — HYH; ) [2BR(H; — (*vy) — BR(H; — (Fvy)?].

0.15

§0.10

0.00

2018-09-19

0.05

| 95% CL Upper Limit

14 TeV, 300 fb™’

80
60

40

H)x f(BR) [fb]

+
5

o(H
S

f(BR)=2BR(H - I’v~/)-BR2(H;—> Fvy)
95% CL Upper Limit
14 TeV, 300 fb™’

o L PR L - L T | L
80 100 120 140 160 180 200

m, [GeV]
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80 100 120 140 160 180 200
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Interpretation in GM model

. 0.15
L N i
Sy Vs M, for different masses: [ 45% CL Upper Limit
| 14Tev,300fb"
£ 010
= :
T =
|
& 005
0005500 120 140 160 180 500
m, [GeV]

140120&"00

M,[GeV] g

£

m5 = 100 GeV 2
S

:41 00 -50 0 50 100
M, [GeV]
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1.0¢

PRI IA A AT Xy 0.8F
ke e N B oYL - L | ;
) ‘,f:\" [
0.6F

0.4F

0.2F

2

M,[GeV]

100 GeV
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Recast of the diphoton results

* Consider pp — H;—FHS process

 Calculate the fiducial efficiency(as function of m5)
* Two photon with E; > 22 GeV and |n| < 2.37
e |f mw > 110 GeV:

VZ

> 0.3

mw mw
* Then translate the upper limit on the 6 XBR into
our own parameter plane.



