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outline
» cross check on 750GeV diphoton

 discuss on the plan for photon photon fusion

« plan for resloved Z(qq)y
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selection

 harmonize the selecton
« special thing is pT and isolation

Higgs(spin0) exotic(Graviton, spin2)
document 2015paper/CONF paper CONF
pT PT,14,2>0.4(0.3)*m,, photon pT>55GeV
ID Tight
Isolation calo:Es°<0.022*pT+2.45 calo:E{s°<0.065*pT+7
cone4( cone40
track:pTcone20<0.05*pT NO




cross check 5

2015 re-analysis with 20.7

— need to understand the difference between release
compare sideband/cotrol region between 2015, 2016 and MC
— need to be done before unblind

check the shape with every alternative selection to see
whether the kinematic cut can give a peak

EB meeting

— Thursday 5-7pm

— https://indico.cern.ch/event/539982/

— 2015 data re-analysis

— cross-check 2016 data(in control regions)
— Timeline and next steps towards 2016 data



convenor's emall 6

« Comparisons in sidebands/excess region in data and MC and 2015/2016 data.

Here we discussed today that figures in the excess region should only be
single photon kinematic variables and properties. No figures based on
diphoton variables in the excess region.

All figures should be shape normalised such that one can not derive
the number of events in the peak.
In particular the isolation variable for the graviton selection.

Consolidate isolation profiles in single photons, electrons and radiative Z
decays photons

Purities for different analyses (scalar,graviton tight, graviton loose, scalar
loose, graviton-loose, graviton-scalar, graviton loose-tight isolation ) and
for the nominal scalar and graviton selection as a function of eta when
statistically possible.

* blind or unbind
— in public : plots for all mass range, excluding [700,800], and

[700,800] only (done)

— in private : check every thing!



what is incuded in this talk

Selection
— higgs selection
— exotic selection

— exotic loose isolation selection, corresponding to 2015
CONF

— exotic - higgs ( pass 55GeV but fail relative pT )

— grey photons : pass loose exotic selection but fail tight
isoltion, only pT>55GeV ( to do ), exotic loose - exotic

Variables

— kinamatic, calibration, ID, Isolation, conversion and so
on in each eta bin

~10000 histograms with different varibles , different eta
bin , different selection...



20.7 2015 data 8

« see Hongtao's talk
Scalar h011 h012

Graviton h011 h012

analysis Z,.. Where Z,.x Where
QSN 3.30 770Gev 3.10 1.61TeV
750 GeV 3.30 740 GeV

analysis Zmax Where Zmax Where
NWA 290
By 3.90 750GeV 3.40 740 GeV

750 GeV 2.7C 730 GeV
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https://indico.cern.ch/event/537421/contributions/2189731/attachments/1283932/1909080/data15_13TeV_reprocess_20160602.pdf

2016 data urbllnd...... 9
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Photon identification 20
Variables and Position

Strips ond _ Had. Shower Shapgs

Ratios fl. f;ide Rf;*: Rr;."n RHad.* E - E;?;zltlx.l = Efulm,ﬂ
Widths WS,EF WS,tC}t Wﬂgz* £ e Er?]!‘l}{] + E[I?llm:ﬂ
Sha PES &E- Eratin * Used in PhotonlLoose. }/
™ :[-’iE = Ef.im - Eﬁﬂ;}n
Enerqy Rati
SE ENEEEEE SQ 1
R, — Lo EE p Do g
"= G52 fms o ¢ po2. W

| ol E TR 1 .:2
- (L hrm)
pHad, TV EE
== Width in a 3x5 (AnxAp) region
ET of cells in the second layer.

Sacond Layer ’
1’ Hadronic

smus\——__—/__——‘i ES]. m, = E: .IE-I-,-{? _ itmu{]g
f‘l = E ’ > B
1 E%‘ ; i E;; i Tot. | “ ws3 = w, uses £1 strips (three total);
side = o1 I wstot is defined similarly, but
EBXI ] II II'I-" uses 20x2 strips.

Marca Delmastro r}i!'l"llen::-ll searches in ATLAS 19



Evnets/ 0.00

Evnets/ 0.00

0.6

0.5

0.4

0.3

0.2

0.1

8.2

0.6

0.5

0.4

0.3

0.2

0.1

ID Rhad

21

[T ] o _ a

- —=— data16,20.7 7 S 06F —=— data16,20.7 3

o ——data15,20.7 7 2 = —— data15,20.7 -

s 17,20.7 ] B ¥ 1,207

- spin0 selection = 0 43_ spin2 selection e

- " exclude [700,800]GeV 1 e exclude [700,800]GeV

C ¥ B C = = =

- 2 - =g * =

? 'i 0.2 -

o IR = - 0.1F - s

- = == 7 - & = -

E ] |_| I B B | rxlj—ﬂ‘"’af'—‘a———ﬁ—uj._ g =T E Ly x -lm ﬂ I R ;_'ilrrtf'—?-ﬂ:ﬂ:_@;_._d—;ﬁ

02 0015 -0.01 0005 0 0.005 0.01 0.015 0.02 -8.02 0015 -0.01 -0.005 O 0.005 0.01 0.015 002
y1_Rhad y1_Rhad

FT 1T 17T L LI T T 1T TrT T T T T T T T T T T T T T T T TT 71T T4

- —=— data16,20.7 -

- —— data15,20.7

- 1Y,20.7 =

— pass spin2, fail spin0 —

- v exclude [700,800]GeV -

3 i} E

- G a =

- ¥ *-ﬂrr_,—,_ :

SIS A y— " — i i A A R N T B MRl - ¥ o SR

02 -0.015 -0.01 -0.005 O 0 005 0 01 0.015 0. 02

y1_Rhad



Evnets/ 5.00

Evnets/ 5.00

ID e277 22

009 ' . data16,20.7
0.08;- —— data15,20.7 3
0.07 vY,20.7 =
0.06 spin0 selection =
- exclude [700,800]GeV J
0.05¢ E
- +l 3 b
0.03F ¢+ J}
0.02c | =
% 300 400 500
y1_e277
000= . 4ata16,20.7 -
0.08 —— data15,20.7 3
0.07 vY,20.7 E
0.06 pass spin2, fail spin0 -
E exclude [700,800]GeV ]
0.05F
0.04F
0.03F
0.02F
0.01=

o

Evnets/ 5.00

iy —= data16,20.7 %
0.06- —— data15,20.7
- 20.7 4
0.05F v 9 E
- spin2 selection =
0.04F M exclude [700,800]GeV
0.030 :
0.023— —f
0.01 :
:_LM Lo Mku;

0 500
yl_e277



Evnets/ 0.01

Evnets/ 0.01

0.6

0.5

0.4

0.3

0.2

0.1

0.7
0.6
0.5
0.4
0.3
0.2

0.1

ID Reta

23

C T T T T T T T T T ] = ~

- ——data16,20.7 ] <& 07

= —— data15,20.7 - £ 060

- —— vY,20.7 = ,_% -

C . 2 i 0.5

- spin0 selection . c

— exclude [700,800]GeV 0 42_

i = = : b

- = 0.2

- = == = =

3 = r 0.1

- - ";—l_ml_] | 1 ] I | | ] 1 I — x 12 T : :—-;

9" T o092 094 09 098 1 83
y2_Reta

T T T T T T T T T T T T T T ]

- —=— data16,20.7 -

- —— data15,20.7

= 1Y,20.7 E

- pass spin2, fail spin0 3

- exclude [700,800]GeV =

5 == -

E < E

o . o =

- ] ] 5 T T S R S M T B — - —— | :

.9 0.92 0.94 0.96 0.98 1

=
.
|
u ]
2]
—
jah]

—

-

—=— data16,20.7
—— data15,20.7
vY,20.7

spin2 selection
exclude [700,800]GeV

—_—h
._.L.i,—_

1 | 1 1 | 1 1

0.92

094 096 098 1

=
.
|
u ]
]
—
o



Evnets/ 0.01

Evnets/ 0.01

0.6

0.5

0.4

0.3

0.2

0.1

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

'GJE_IIII|IIII|IIII|IIII|IIII|IIII|II

ID Rphi

o
(0]
I‘\) I..-
O
=1

—=— data16,20.7
—— data15,20.7
vY,20.7

spin0 selection
exclude [700,8()___0]Gev

g <,_.;| ,-b;‘_—l—l_ e |

PEE I
.84 0.86 0.88 0.9 0.92 0.94 0.96

I|I
098 1

y1_Rphi

8_‘-; el o le . ow Ly g oS-
.8 0.82 0.84 0.86 0.88

—=— data16,20.7
—— data15,20.7
vY,20.7

pass spin2, fail spin0
exclude [700,800]GeV

™
'-IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

Evnets/ 0.01

0.6

0.5

0.4

0.3

0.2

0.1

N
N

'a):___IIII|IIII|IIII|IIII|IIII|IIII|I

—=— data16,20.7
—— data15,20.7
vY,20.7

spin2 selection
exclude [700,800]GeV

*




Evnets/ 0.02

Evnets/ 0.02

ID wetat 25

0.35

L L L L L L L R N [ e rr1r17rr 17 rr T T 17 17T T T T 17T T T T T T T T T T T T T T T T T T T T 171

0.35

T [4N] T

5 —=— data16,20.7 1 2 - —=— data16,20.7
0.3 ——data15,20.7 | 2 03f —— data15,20.7 3
0.250 1Y,20.7 35 osst 1Y,20.7 .
- spin0 selection = - spin2 selection -
0.2 exclude [700,800]GeV 3 0.2 exclude [700,800]GeV -
- - . - . =
0.15 + _=_ﬂ'__=+ = 0.15 -+ =
0.1 + = - 0.1E * " =
0.05 s - b 0.05F e ¥ ke
- - - == ] - == == =
_::_ i ¥ =TI MR N N S AR B M AN A A |H-—-_c-'w--'."—.n_.5_g o Lo ,.L{'_- F-E.':—':Q:! PN T AN T N T T N A A A rxrf-—i:.——-.:.—a__ﬂ._l T
8.4 0.45 S5 055 06 065 07 075 038 8.4 0.4 05 055 06 065 07 075 038
y1_wetail y1_wetail

T T 17T L T 17T 1T 17T 1T 1T | L | 1T 1T | T 17T | T—]

- —=— data16,20.7 -

O —. data15,20.7 -

0.25F —— vY,20.7 -

- pass spin2, fail spin0 -

0.2 exclude [700,800]GeV —

0.15F e + =

- =+ :

0.05 ¥ aa 5

- N = =

_=,j. - \zt '-F—* PN T T AT T T T S O #ﬁ"ﬂ—x“,—n__",_n Ll

8.4 045 05 055 086 065 0.7 075 08

y1_wetail



Evnets/ 0.00

Evnets/ 0.00

ID wetaZ2

N
(o))

= data16,20.7
—— data15,20.7
vY,20.7

spin2 selection
exclude [700,800]GeV

~ T T T T T T T T I T T T I T T T - D 1— T

Uy —=— data16,20.7 = -

- —— data15,20.7 _ 2 -

0.8 1 @ 98

i 1v,20.7 1 3 i

B spin0 selection il B

0.6 exclude [700,800]GeV | 0.6~

: : —

0.4 2 04—

0.2_— - — 0_2__

(— :!: | —

0 i IR w1 . | U gy o | l_l__ 0 L

0.006 0.008 0.01 0.012 0.014 0.016

y1_weta2
= T T T T | T T T T I T T T I T T T =
B3 —=—datal16,20.7 -
0.8 —— data15,20.7 -
0.7¢ vY,20.7 =
0.6 pass spin2, fail spin0 =
0 55_ _ exclude [700,800]GeV I
5E =
0.4F =
03 =
0.2F . g =
= == o =
0.1= o =
0 = 1 1 | 1 e — -




Evnets/ 0.03

Evnets/ 0.03

1D 1

0-22:_| T T T T T T T I T T T T I T T T T I T T T T T l_—
0.2E —=— data16,20.7 S
- —— data15,20.7 1
0.165 1Y,20.7 =
0.14 spin0 selection E
= exclude [700,800]GeV J
0128 FE= = E
0.1 == _.'g:g_ 5]
- - -
0.085— :; =1.= -
006 = - oW E
0020 T s =
i 0 53,- AR T S R N T R ST AN S N TJE:I_:’T:E”;: iy Iﬂ__;

0.1 0.2 0.3 0.4 0.
y1_f1
T T T T T T T T T T T T I T T T T I T T T T I 1]
06225_ —=— data16,20.7
0 1-35_ —— data15,20.7 =
016 1Y,20.7 :
0.14E pass spin2, fail spin0 3
0'125 4_ exclude [700,800]GeV 1
E L E
0.1;— 4= _T—_T_l_ _;
008 A= Tl y E
0.06F = = =
= 4T 3- 3
004 E _T_ _+_ -
e === 2
0': AR T T T T ST T R T R S R Y S rni-—._a— iy | w1l

0 0.1 0.2 0.3 0.4 0.

Evnets/ 0.03

0.24
0.22

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02
0

27

3 —=— data16,20.7 -
= —— data15,20.7 3
= vY,20.7 =
= spin2 selection =
= exclude [700,800]GeV =
e g T E
e A 3
E T e E
= e =
Coooo b e by gy ey . L | s i
0.1 0.2 0.3 0.4 0.5
y1_f1



Evnets/ 0.03

Evnets/ 0.03

ID fside

T T T T T T T T T T T T T T T T | T T T T I T T T T I H
0.4F —=— data16,20.7 -
0_35; —— data15,20.7 é
035 1,207 £
c spin0 selection -
0.251 exclude [700,800]GeV —
= G 3
i T = =
0151 s =
C =ij= i
a2 = E
C == == =
0.05 = a
0 :: L .-‘._:,.L.,"L.:k-i: PR T I T A RN AN IR T i . o S Il g j“..|_E

0 0.1 0.2 0.3 0.4 0.5 0.6
E T T T T T T T T | T T T T T T T T | T T T T I T T T T I I:
0350 —=— data16,20.7 I
- —— data15,20.7 -
03p vY,20.7 =
0.25 pass spin2, fail spin0 —
r : == exclude [700,800]GeV I
0.2 :I—_+_+_ =
0.15F = =
- 4= -
0.1 e =
g + e .
e 4 E
0 ::_ PO W o R N N A N R T N MO r%‘;—%::&t‘x‘\.—-ﬁ-t-{,—l-—“;—“|_|;

0 0.1 0.2 0.3 0.4 0.5 0.6

Evnets/ 0.03

28

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

o

|__q_:,.|_z—g._*i'i—|||||||||||||

-
i —= SN S EESE|

—=— data16,20.7 7

—— data15,20.7

vY,20.7 =

spin2 selection -

X exclude [700,800]GeV
$Tt r
- 3

- == £
b =

6

0.1 0.2 0.3

0.4 0.5 0.



Evnets/ 0.01

Evnets/ 0.01

0.6
0.5
0.4
0.3
0.2

0.1

0.7
0.6
0.5
0.4
0.3
0.2

0.1

8"

'GJR_._IIII|IIII|IIII|IIII|IIII|IIII|II

ID Eratio

3

- -

[
82

g g
0.84 0.

86 0.88 0.9 0.92 0.94

p&p&:u—l_h_':i" .—J—-:ﬁ_xa_?’ﬁ—. 1 T

—=— data16,20.7
—— data15,20.7
vY,20.7

spin0 selection
exclude [700,800]GeV

==

=

——

==
| ==

_L__III*|II

[
98
y1_Eratio

I|I
0.96

—=— data16,20.7
—— data15,20.7
vY,20.7

pass spin2, fail spin0
exclude [700,800]GeV

4
|

+

+

_,ﬂ_
s

II#II

g w Lo Lo :’_'1|||||||||||||

e Ly
8 082 084 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1

y1_Eratio

Evnets/ 0.01

0.7
0.6
0.5
0.4
0.3
0.2

0.1

8.8

29

U

m IIII|IIII|IIII|IIII|IIII|IIII|IIII

082 0.84 086 088 0.9 092094 0.96 0.98 1

rT T 17T T 1T T T T T T T T T T T T T T 171

—=— data16,20.7
—— data15,20.7
vY,20.7

spin2 selection
exclude [700,800]GeV

# 1

o=

'II*III

y1_Eratio



Evnets/ 10.00

Evnets/ 10.00

ID Deltak

0.5

- —=— data16,20.7 -
N —— data15,20.7 -
0'4:_ 1Y,20.7 -
N spin0 selection 7]
0.3 exclude [700,800]GeV —
R :
0.2, =
i *i ]
ot T =
- e 5

0 _I PR NS I T R | 1 #N-PG:'«—‘- el o | ,_3;

0 20 40 60 80 100 120 140 160 18{) 200
y1_DeltaE

_I T T T T T T 17T | 25 I T T T rT T T T T T T T T T T T T T TTTT] I_
05— —=— datat 6,207 ]
- —— data15,20.7 -
0.4F vY,20.7 i
C pass spin2, fail spin0

- exclude [700,800]GeV -
0.3;*= -
0.2 4 -
L == i

C :"f:=+= 7
01— ]
n S 7

0 e b P by el = S Dy T T IS =
0 20 40 60 80 100 120 140 160 180 200

y1_DeltaE

Evnets/ 10.00

(S8
(==

05~ —=— data16,20.7
- —— data15,20.7 -
0-4:— vY,20.7 =
r spin2 selection .
0.3 exclude [700,800]GeV _
i :
"2 :
N - N
0.1 P e
- L :

- :“:mﬁ: : il
0_||||||||||||||||=i|%$=|-§!-\,—h—a—ﬂ Lo o o | o o el
0 20 40 60 80 100 120 140 160 180 200
y1_Deltak



Evnets/ 0.25

Evnets/ 0.25

ID wtots1

T T T T T T T T | T T T T I T T T T I T T T T I -
0 53_ —=— data16,20.7 -
- —— data15,20.7
0.4— 77,207 ]
- spin0 selection -
545 exclude [700,800]GeV -
s o 5
C 4= ]
: + - :
0.1 __ __
- = - 5
0 B 2 —ii- -"%.‘—l TR S R (N _Iﬂ_l—-..,ﬂ: el o0 ]

0 1 2 3 4 5
y2_wtots1
T T T 1 T T T 1T T T T ] T T T T 1 T T T T T 1
0.4t —=— data16,20.7 -
0.35F —— data15,20.7 -
0.3 1Y,20.7 5
= pass spin2, fail spin0 3
0.25 - exclude [700,800]GeV —
0.2 ;— -\i; —;
0.15F FE, = —
- b -
. e g E
0.055 4 =
:: _&1—' 1 1 1 1 | 1 1 1 1 J-L—e_'p‘-s 1 | 1 1 1 1 | I:

% 1 > 3 4 5

Evnets/ 0.25

31

0.5~ —=— data16,20.7 -
- —— data15,20.7
0.4~ vY,20.7 —
- spin2 selection ]
0.3 exclude [700,800]GeV _
C = .
R . T =
- = o« 3
0.1 - =
s @l oo 1 _|r"_\-—-w-l-,_, <l e I A
%’ 1 2 3 4 5

y2_wtots1



Summary 32

Many plots are not shown here!

statistic may be not enough in each eta region

need more time to organize, digest and conclude the results
need to compare 20.1 and 20.7 2015 data

check more control region.



poton photon fusion model

* mc request

0 +MC15.344237 Pythia8EviGen_CT14QED_gmgm2H2gmgm_750GeV_NW._py

(FullsimlIRA 3125 - MC15¢ - 25 ns eyvents: 100000
e5117 [s2726 | 7772|7676 | | | | submitted edit (saved
T: nning running
i + MC15.344238 Pythia3EviGen_CT14QED_gmgmZH2gmgm_750GeV_W4bGeV . py
(FullsimlIRA 3125 - MC15¢ - 25 ns events: 100000
e5117 52726 | 7772 |i7676 | | | | submitted edit (saved
1z nning running

« plan
— based on 2015 baseline spin0 analysis
— 2jet VBF-like cut-base:j1_pt, j2_pt, mj
— Qjet, 1jet :pTyy?
— statistic will be a challenge
— spin2 analysis?



efforts from other group 34

H->aa->multiphotons---they need to tunning the ID
https://twiki.cern.ch/twiki/bin/view/AtlasProtected/NSDiphoton13TeV

request MC

Multi-photon / diphoton

Multi-photon BSM final states can yield diphoton events
* Low-mass resonances can be highly boosted, leading to completely collimated

groupings of photons that appear as one photon in the detector

*H—>aa—> 4y . }‘IX\/I:

a,.
T R/H N
g 0 % g
*H—»aa—> 6x° |
_:-__ESW __-fl"-l_-r{__h.u_ _{4:'::‘__. 3—11-_.__'—__-1_

7' —>a+y —> 3y

* For 700 GeV < my < 800 GeV,
ma < 1 GeV yields single photon EM cluster

https:/twiki.cern.ch/twiki/bin/view/AtlasProtected/NSDiphoton13TeV
James Beacham (Ohio State) HGam — 17 May 2016 2



resolved Z(qq)y 35

prepare a detailed cutflow to cross-check with Cyril
prepare to do cut-based study with TMVA package
from my feeling, it is hard to further optimize, but can try
some personal concerns
— SF ~1.4 is used to normalize yjj mc to data
* how to verify yjj is dominant if you don't trust the Xsec
— any plan for LWA?
— spin2 is suppressed?
— Cyril : what is the time scale?





