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The framework and samples

e Updated to use FixedCutLoose for the ISO of photons

* Implement the BtagSF

— Only the weight of Lumiand Xsec isn’t used since we don’t know the
exact Xsec for resonance.

— Will use the lumiXsecWeight() for SM BKG below.
e Signal samples
— Non-resonant: SM di-Higgs production - done
— Resonant: 260 — 500 [GeV], 8 mass points — validated for submission
* Background samples
— SM single Higgs background
* ttH, ggH, VBE, WH, ZH
— Continuum background
* pp —jjlvyy
— One sample missed is lvyy
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Events Selection

Generated 100%
Trigger 74.2%

GRL 74.2%
Detector DQ 74.2%
has PV 74.2%

2 loose photons 59.7%
e-y ambiguity 59.1%
tight ID 49.1%
Isolation 43.0%
rel.Pt cuts 39.4%
mass yy cut 39.2%

At least two jets 34.8%
At least one lepton 16.7%
B-veto 13.4%

Tight mass Window 11.1%
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Events Yield

+

e Continuum background extracted from sideband

~ €B,=0.1376 %ﬁ b -
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¢  SM Higgs background: as shown in the table below e ¥ ?m+ *;
* smhh: 20; . i
S = € X L X 0 X Br(hh » WWyy - jjlvyy) = T T e e e

0.16 (assuming o = 1pb)
The efficiency €y, using e®* for continuous
background extracted with 2jets+2photons

+0lepton events

Runl results

Process Previous Yield Events Yield (20 fb~1 )
ttH 0.5085 0.029 0.040 0.08
ggH 43.92 0.036 0.00049 negligible
VBF 3.748 0.0030 0.0080 negligible
WH 1.380 0.071 0.10 0.14
ZH 0.8696 0.034 0.038 0.025
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Expected limits

e Using the previous yields
* Toys /without sys
— expected limit (+2 sig) 50
— expected limit (+1 sig) 43.3443
— expected limit (median) 31.1673
— expected limit (-1 sig) 24.6789
— expected limit (-2 sig) 23.3254
* Asymptotic/without sys
— ~29
* Runl /asymp/without sys
- 6.2
* Runl /toys/without sys
— 4.7 (not too many toys)
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To-do list

* Get the bkg yields directly by calling the
lumiXsecWeight ()

* Optimization
* Get the expected limits using the updated
event yields

* Generate the lvyy sample if there isn’t one in
the Hgam group
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BACKUP



MC NLO Resonance Validation

of hh - WWyy

Three categories
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lep
hac

hac

lep: hh > WWyy - vlvyy

lep: hh » WWyy - Wjjyy

had: hh - WWyy - jjjjyy



1400

1200

1000

800

600

400

200

f=]

700 800 900 1000

—— m260
—m275
—m300
m325
— m350
m400
m450
m500

mass of heavy Higgs

Mass related to heavy Higgs

Mass points: 260, 275, 300,
325, 350, 400, 450, 500 GeV

2016/4/4

1400

1200

1000

800

600

400

200

o

1400

1200

1000

800

600

400

200

o

700 800 900 1000

— m260
— m275
— m300
m325
— m350
m400
m450
m500

=
=

mass of

— m260
— m275
— m300
m325
— m350
m400
m450
m500

700 800 900 1000

mass of WWyy




18000\I\I\I\III\\III\I\II\\I\\\\\II\\|\I\I‘\III

16000

14000

12000

10000

8000

6000

4000

2000

0 121 122 123 124 125 126 127

Mass related to SM Higgs

Mass: 125.1 GeV

2016/4/4

—— m260
—m275
—m300
m325
— m350
m400
m450
m500

FUNR NN T T T T T T W T AT T T W N T N 0 A
£ 128

mass of higgs

130

2500

2000

1500

1000

500

P20 i21 122 123 124 125

126

127

— m260
— m275
— m300
m325
— m350
m400
m450
m500

128

129 130

mass of di-photon

2500

2000

1500

1000

500

— m260
— m275
— m300
m325
— m350
m400
m450
m500

v b b P v b b bon g P
?20 121 122 123 124 125 126 127 128 129 130

mass of WW

10



100

L e e e
r — m260 b
100? —m275 ]
L —m300 N B
L mazs i
80— —m350 = |
r ma0o i i
r m4so B
60; m500 B
40— —
20— L |
L ,_‘_ﬂ EZ:—; N '_— L |
| - = = -1 - = .
===y =| [ 5 ]
0_=’_!_ \_‘\II\\II‘\\\\l\\\_l':'_‘E,___—__d_‘ =
0 10 20 30 40 50 60 70 80 90
mass of Iv [leplep]
FroroTT TTTT | TTTT ‘ TTTT TTTT TTTT TTTT TTTT TTTT 171714
250 — —
L — m260 ]
r — m275 7]
200/— — m300 |
= mazs i
r —m3s0 - 1
L mM400 0 i
150 — m4s0 —
r m500 H B
L F J
100? H ]
B S===asa=-1} A B ]
= = == - a
PINE == G e TR W == e R =
0 10 20 30 40 50 60 70 80

0
mass of Iv [hadlep]

AR R R RN R R R R R R R R
L — m260 7
L — ma75 _
200— — m300 |
r m326 7
C — m350 7
L maoo _
150— m4s0 —
C m500 7
100 —
B i ]
- - '5[ ]
50— = —
C s 5 ,
- EEE == ]
07-5\\|\\\I‘\I\\‘I\\\l\\l\‘\l\n_lzz:—'::\l\‘\:l‘l“l:

0 1 3 50 60 70 80 90 100
mass of gq [hadhad]
220:L\ TT TTTT ‘ TTTT ‘ TTTT TTTT TTTT TTTT TTTT TTTT TT \J:
200? — m260 i
E —m275 —
180; —m300 m ~
160 — m325 -
E —mas0 = B
140— m400 —
C m450 3
120— m500 = -
100 - -
80— —
60— —
s gL 3
20? . L = €
orEEe T L Ly ) e ) B

0 10 20 30 40 50 60 70 80 90 100
mass of qq [hadlep]

Mass related to W boson in leplep, hadlep,

hadhad decay modes

2016/4/4

11



L L L e L B
2500/— — m260 _
~ — m275 -
L — m300 i
— m325 =
2000— — m350 ]
— m400 —
L m450 7
1500— m500 ]
1000{— —
500( .
0_\|\||\l\|\||H\|||\\l\||\\\l\l\\\\lll\\l\l\l\\lll_

-10 0 10 20 30
pT of heavy Higgs

pT of heavy Higgs
pT of hh system
pT of WWyy system

2016/4/4

5004‘7| TT TT 71T TT 71T TTTT TTTT TTTT TTT1T TT 1T | TT 71T ‘ TTT1T14
: — m260 :
— — m275 =
400— — m300 -
L m325 |
H — m350 —
I m400 =
3007 mas0 -]
L m500 |
iy 7
200:’ ull ]
10— 55 -
= t__ 4
0_\|||\\\\|m:: —— W el e L (]
0 50 100 150 200 250 300 350 400 450 500
pT of hh
500—L| T TTTT T T 1T LB TTTT UL TTTT TT 1T | TT 1T ‘ TTT
: — m260
— — m275
400? — m300
L m326
L] — m350
L] m400
300 mas0
m500

\I\\ll\\l‘\ll\l\II\‘I\\Ir

iy
200:’ =l
10— 55
= B
Oi\lll‘\\\lﬁ-\eﬁﬁ&;‘;— =_! !
0 50 100 150 200 50 300

350 400 450 500
pT of WWryy

12



L e e B
450 — —
£ — m260 3
400 —ma75 —
C — m300 3
350 - m325 —
C — m350 =
300 m4oo 7
E — m450 E
250:_ m500 _:
2002 é
1502 L |_ é
100 ’_r L | -
& . =
50 H s —LLL‘_‘ —
0:|\|H\| n—'g__;";”l‘wuuu\:

0 100 150 200 250 300 350 400 450 500
pT of h1
:\ TTT | TTTT TTTT TTTT TTTT TTTT TTTT TTTT ‘\ TTT ‘ TTT \:
450}J =
C — m260 .
400 —m275 —
E —m300 a
350~ - m325 =
E —m350 .
300 —ma00 =
= mas0 =
250: m500 {
2001 J 3
150 | =
1007 IJ/ 1 L -1 3
50 _,_:I =
= [ T I

00 50 100 150 200 250 300 350 400 450 500

pT of h2

450

150

100

50

- — m260 |
400 —ma75 —
C — m300 3
350 H m325 —
= — m350 E
300— ma00 —
E maso 3
250|— m500 =
200 —

%L

5000 150200 250 300 350 400 450 500
pT of vy

(=}

— m260
— m275
— m300
m326
— m350
ma00
m450
m500

L N R
200 250 300 350 400 450
pT of WW

gIIH‘\II\‘HH'IIH‘H\\‘HH|IIH‘\HI|HH|II\
o

pT of SM higgs, WW system and di—photon system

2016/4/4

13



700

— m260

— m275

600 — m300

- - mazs

— maso

500 || m400

|| mas0

400 — m500
300

200

100

e
271

>

=3
<o

Delta R between two SM higgs

2016/4/4



500? — m260 i

+ —m275 B

C — m300 ]

400 — - m325 ]

r — m350 N

C m4oo B

- — mas0 -

300— m500 ]

200— == i

5 | L ]

100/~ . —

ol == = A N B
0 50 100 150 200 250 300 350 400

pT of photont

FrooT TTTT TTTT TTTT TTTT TTTT TTTT TTTT ‘ TTTT ‘ TTT1T14

500 —

H — m260 B

O —m275 ]

L — m300 i

400 - m325 —

[ —m3s0 B

H — ma400 i

L mas0 B

] m500 ]

0 e b o e L]
0 50 100 150 200 250 300 350 400 450 500

pT of W1

pT of W boson and photons

2016/4/4

500

400

300

200

100

0

500

400

300

200

100

T

LI 1
|

= =

bl_&i‘ -

— m260
— m275
— m300
m325
— m350
m400
m450
m500

| | | ;
2020 80 80 100 120 140

160 _ 180 200
pT of photon2

=

T
-
1]

L
0 50 100 150 200 250 300 350

— m260
— m275
— m300
m326
— m350
ma00
m450
m500

vl b
400 450 500
pT of W2

15



—_—c

AL L L L B L B B IS LA L L B B B S A
50 — — 50— —
r — m260 ] C — m260 ]

L —m275 i L — m275 a

L —m300 B = — m300 B
40? - m325 - 40? m3z5 -
L — m3s0 _ L — m3s0 -

- maoo B = m4o0 —

- — ma50 ] * m4a50 H
o m500 ] 30 m500 ]
20| - ZOZ L:| -
10— 1 — 10— ] -
07\ TR I R ‘\__\|:_\‘ R = e T i SRR A R 07| T I f_\\\ﬂ_w‘—f_w‘ e e e T e e A AT M O A e
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 2
pT of electrons in [leplep] pT of v, in [leplep;

7\ L L L LI L L T 1T L ‘ LI ‘ L \7 7I T L LI T 1T LI LI T 1T LI ‘ LI ‘ L I7
80— . r ]
- — m260 B 50— — m260 ]
C —m275 ] r —m275 b
50— — m300 — C — m300 7
L - m325 - 40— m325 —

C —maso n r — maso B
40— — m400 — L m400 _
C m450 ] = ma4s0 —
C m500 1 30? m500 -
80~ 7 B ]
c ] 20— —
0 = 3 — — ]
C I ] - — i
10 — 3 0= ] 3
01.\|H.|H.‘|‘|—ﬁ.—y—y—.—.”‘.u‘.‘f o Ly L1y I—_v—:_“—v—‘_._“‘m.w..’
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 20
pT of muons in [leplep] pT of v, in [leplep]

p’T of leptons in leplep category

2016/4/4

=4

o



400 T T T T T
BSOi — m260 =
E —ma75 3
E — m300 =
300— m3zs =
E — m3so ]
250 — m400 -
E m4s0 ]
C m500 3
200— —
150 —— -
100 —— 3
s | 3
=1 = i —— —
00 20 80 100 120 140 160 180 200

pT of quark and

pT of quarks in [hadle|

ke

leptons in hadlep
category

2016/4/4

L e e e L o O LS
90 =
= —m260 El
BOi —m275 =
E — m300 E
70i ma2s =
E — maso B
E ma00 3
80 maso =
Sﬂi m500 =
E — E
40 | =
30 — 1 3
20— —= =
10F- =] =
=TI S IR = o = =i 1 ) =
0 80 100 120 140 160 180 200
pT of muons in [hadlep]
L o e L e L e
100— — m260 -
[ —m275 7
L —m300 ]
80— m325 ]
L = —m350 4
I~ m400 -
- maso -
60— m500 —
40— — |
20— = —
- THE ]
) AR AN AR A S — e o o == N e S A
60 80 100 120 140 160 200

pT of electrons in [hadlep]

100 T T T T T T T T T T T T T T T T T T T T T T T T
[ — m260 7
[ —ma7s i
80— — m300 ]
[ m325 T
[ —mas0 b
[ m400 i
60 m4s0 ]
r m500 i
40— —
20— — —
P R PR S B == ‘ [
0 20 60 80 100 120 140 160 180 200
pT of v, in [hadlep]
L s S e s B
100— —
- — m260 -
7 —m275 7
r — m300 b
80— m3zs -
[ — m350 7
L m400 |
mas0
60/~ L m500
40— | =
—
20— =1 -
L — ]
[§) S [ B L T e T L A
80 100 120 140 160 180 200
pT of v, in [hadlep]



2016/4/4

ErT1T LI T T T T T T T T T L L L ‘ T T T | T T 1]
350 —]
F — m260 N

c —m275 3
300— — m300 ]
C - m325 m
250 — — m350 .
F m400 T

F mas0 .
200 — m500 —
or O -
100 I —
T B %{E\\_ E
0 - = . =

20 40 60 80 100 120 140 160 180 200
pT of quarks in [hadhad]

(=]

pT of quark in hadhad category

18



