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Outline

Updated Hypothesis tests:

Reminder:

* latest results on hypothesis test (MELA)

new 2, samples:

* recostructed/truth distributions
e WP/RP fraction
* closure test, cos(0") disagreement

» investigate Collins-Soper rest frame
partial results
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expected/observed CLs change as follows:

test CLg (exp) CLg (obs)

0+ vs 0- 99.8 % 99.4 %

Otvs1l™t 99.6 % 99.4 %

0t vs1 99.9 % 95.7 % .

0+ vs 2+ o1 4 % 29,3 % workspaces published on
0+ vs 2+ (25% qq) 90.0 % 88.3 % /afs/cern.ch/atlas/groups/HSG2/H4| 2
0+ vs 2+ (50% 90.6 % 93.5 % . .

vs 2" (50% 99) ° ° 013/Moriond/workspaces spincp/ME

0+ vs 2+ (75% qq) 91.4 % 95.4 % -
0+ vs 2+ (100% qq) 90.7 % 94.1 % LA
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New 2, samples

added new 2, samples:

r 2 2, | 2, (f,q=100%)
: 81=85=1 83=8=1 8z=1 8s=1
* run 4l selection on the 2-h MC S LN 8
JHU samples 020 | 1=0 | fo= =0
b =0 | £,=0 | £,=0 f=1
- : £,#20 | f,=1  f,=0 £,=0
* add g;(27},) to build MELA pdf 20 b 2 2

gg/qq—H: pseudo-tensor, gg=1
(fo=1o0r0, f;=0o0r 1, f,=0)
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ready to run full hypothesis testing machinery
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Truth angular distributions
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New 2, samples
Good-pair and

GP WP : :
(fraction) (fraction) wrong-pair fractions:

8034 817 : : o
aMu 90806 (9.2%) N Fhe kinematics of spin 2,
- 5 involves, downstream of
mece § . .
o 1 the selection, a WP fraction
2e2mu { very high compared to
0.01 1 « ”
2o 4240 480 o { “standard” cases.

(898%) (102%) 90™50 60 70 80 90 100 1?0

ance
o
N

gccept

(fraction) (fraction)

Applying the signal

selection, the U amy | 9498 8166
wrongpair fraction for ' (53.8%)  (46.2%)
QO 0 60 70 80 90 1 11'01 10002000@3000@:000G0006000FT000B0O00C

] " 2m2
21, samples results " m2e
~50% (“usual” WP 2e2mu
fraction). se 4109 3787

(52.0%)  (48.0%)
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New 2'h(qu=0%) samples:closure test

First check: closure test for new spin cases

cos(6,) | ()
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GOOD agreement in almost all
closure tests:
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New 2 (qu= 100%) samples: closure test

First check: closure test for new spin cases

Similarly for 2'h(qu= 100%)
GOQOD agreement in almost all
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closure tests:
some discrepancies in cos(8"),

smaller than 2'h(fgg= 100%).

pr reweighting
only for spin 0+ case! I

Truth selection (2013):

50 GeV <m_, <106 GeV
12 GeV <m,, < 115 GeV
115 GeV <m,, <130 GeV

Pr re;v—e?glj_lm
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Truth distributions of p+(Higgs)

H_pt_truth

S pt distributions o . .
0.09: ——0p Study MC truth distributions in

= —— 2mh . .
0.08F e 2mh fq100 various range of p:
007 o signal events with “high” p of
0.06

- the four-lepton system could
005__ * . . .

= e warp cos(07) distribution.
004!— .."m-o-:.
0.03}-* $%e.
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002:_. .. ..'.'.-p-,

= ®eoo e ;M
0.01!— .‘o..

)= Yy .Y |:::mm x10°
0 20 40 60 80 pt1(%?eV)
6 p ranger:
Select 6 pr ranges (spin 2), with 1. [0.,10] GeV = 10% events
- - 2.[10,20] GeV = 25% events

relative fractions of events. 3. [20.50] GeV ~ 3506 events

4.[50,100] GeV  =20% events
5.[100,300] GeV = 10% events
6. full range
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cos(87) in the Collins-Soper frame

cosO* distributions

pt cut

€0s(6°) is pr ;4. dependent :
a good agreement with pdf(MELA)
(i.e. JHU paper distribution) only 03

toys

—e— 0. < pt<10000.

—a— 10000. < pt < 20000.

—=aA— 20000. < pt < 50000.
50000. < pt < 100000.
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for pT<20 GeV . —— 0. <pt < 300000.
0.2=

To minimize the effect of the 0151

transverse momentum, the 04}

“alternative” choice is to adopt the
Collins—Soper frame (CS

0.05

frarne):

- z-axis (z.;) = the bisector of the

production plane

incoming beam momentum and ; | e,
negative of the target momentum in / | -
the rest frame of the vector bosons " y //\h |
- 5 Lo I 5 |
palrS centre ‘ / particle '.
(beam and target not collinear when / 7 / |

pr(Higgs) #0, considerably)
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cos(87) in the Collins-Soper frame

In the Collins-Soper rest frame cos(0") partially loses dependence from
pr(Higgs).

cos@* distributions cosO* distributions

. < pt < 10000.
—a— 10000. < pt < 20000.
—4— 20000. < pt < 50000.
——— 50000. < pt < 100000.
—a— 100000. < pt < 300000.
—— 0. < pt <300000.

good agreement for pr<20 GeV

|IIII|I

A good agreement with pdf(MELA) for p;<50 GeV.
An excellent agreement with pdf(MELA) for p;<20 GeV.

All the other angular variables are not significantly changed (not influenced

by the change of reference frame).
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cos(87) in Collins-Soper frame

All other angular variables are not significantly changed: there's still a good

agreement.

cos, ¢ distributions
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C-S rest frame vs. standard rest frame

CS frame vs. Old frame: cos8* distributions

- pt cut

o | e 27 (fgq=0%) The C-S rest frame produces an

cof  [oldfams improvement to understand and
o25f- reproduce more realistically the

o2F new 27, samples.

0.15[-%

0L 2-1'1 (qu=0%)

. . CS rest frame: chi2/ndf = 21/17
SUTUA = TR Y SR e T Standard frame: chi2/ndf = 30/17

1 1 1 1 1 1 I|I 1
4 08 -06 -04 02 0 02 04 06 08 1
CS frame vs. Old frame: cos6* distributions
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In each spin case chi2 is improved: oot
there is still a residual discrepancy. "ok
However we are further checking... vl
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Reco distributions: closure test

ATLAS Intemal

v Reco distributions are in good agreement with pdf(MELA) X Acc

closure OK!

cos,

cos 0,
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Conclusions

- new 27(qq/gg) samples added, ready for hypothesis testing
(produced acceptance fit functions)

« WP fraction in spin case 27 is different from the other spin
samples: 10% -> 50%

e trying to minimize dipendence of cos@” from p(Higgs) adopting
CS frame

 good agreement (MC vs. pdf) for other angular variables
(indipendent from py) using CS frame

- improvement for reproducing spin case 27, using Collins-Soper
rest frame (improvements for residuals and 2 test)

Update on the MELA hypothesis test
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Ongoing work and plans:

« study reco distributions in CS rest frame (spin 27,)

* study truth distributions for other spins: any improvement using
CS rest frame?

» implement with latest version of selection
 review and finalization of the workspace (splitting of the

theoretical effects, etc) to be more flexible for a possible
combination with other channels.
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Back up



cos (0" )

1 MC_truth

Truth/ reco angular distributions

truth

. JHU paper | cos(6 1)  JHU paper | cos(ez)
7— — 2" h E 7* — 2" g.
65 MC truth * i " MC truth *
| gl I . .
L e T e e B
1 00tb b .I.. i cos0, 006 ——

1080604020 02040608 -1-0.8:0.6-0.40.2 0 0.20.40.6 0.8
- JHU paper P v MC truth distributions are
- 5- MC truth ) )

h in good agreement with

%v ‘

JHU theoretical paper: 2

production OK!
v Reco distributions are in
good agreement with

. pdf(MELA): closure OK!

teo
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New 2, samples

Goodpair and wrongpair
events  events Crhclency (fraction) (fraction) fractions:

O+

Total selected GP WP

4mu 11813 8851 74.9% (9883‘,}@ (98;;)) the kinematics of spin 27,

om2e 2960 5326 66.9% involves, downstream of the
selection, a WP fraction very
high compared to “standard”

4240 480 cases.
4e 6567 4720 71.9% (89.8%) (10.2%) 2-h

2e2mu 9723 6891 70.9%

Total selected GP WP

events events SEIEDEY (fraction) (fraction)

Applying the signal selection,

, , ] 81.0% 9498 8166
the wrongpair fraction for 27, ~ 4mu 21799 17664 (53.8%)  (46.2%)

samples results greater then  om2e 14998 9250 61.7%

10% (“usual” WP fraction).
2e2mu 16730 10592 63.3%

4109 3787
0
4e 11256 7896 70.2% (52.0%) (48.0%)
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C-S rest frame vs. standard rest frame

CS frame vs. Old frame: cos8* distributions

- pt cut
T The CS rest frame produces an
osF- [ odframe improvement to understand and
o25f- reproduce more realistically the

oz new 27, samples.

0.15[-%

0.1F

0.05F

SO IR Wwss= RO ( MC_truth — pdf(MELA) )/MC_truth
Residues show this improvement 085_ 1 f
quantitatively. :

CS rest frame: chi2/ndf = 21/17 ..
Standard frame: chi2/ndf = 30/17

L1 TR SR |
-1 -0.8 -06 -

1 111 | 11| | | | 111 | L1 1 | 1A
04 -0.2 0 0.2 0.4 0.6 0.8 1
cos0*
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