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Current status - limits

* In low mass: now understood pO0, limits and
mu_hat, but PRL curves drop below certain mu
value less than 0 (from bbyy). One might need to
Inject data toys

comb

* In high mass: non-parabolic PRL due to bbbb,
David is rebinning (2->1) in high mass to avoid
bins with signal but no backgrouns

2



Current status - low-tb-high

* low-tb-high interpretation:

« use full resolution in map file: 5 GeV vs 0.1

« before, we use mA 10 GeV with smooth, did
not notice the fine structures in obs

« compare no smoothing and smoothing
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Excl. map (expected, mH)

 Map before contour making: filled with mH
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Excl. map (observed, mH)

 Map before contour making: filled with mH
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What we have now on low-tb-high 1/3

* No interpolation
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What we have now on low-tb-high 2/3

 Delauney interpolation
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What we have now on low-tb-high 3/3

« Bilinear interpolation (#iteration=5)
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Current status - hMSSM
« hMSSM interpretation:

» Allison and Nikos produced a new map file with
5 GeV on mA step (10 GeV previously); but the
map file did not have phase points below
tb=1.0 which causes interpolation issues in
TGraph (closed contours are drawn @ tb~1).
We asked for a margin below tb=1 (will be
ready this week)
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Exclu. map (expected, mH)

« Plot the exclusion maps before contour making
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Exclu. map (observed, mH)

« Plot the exclusion maps before contour making
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bbtautau rate uncertainty (theory)

merge Low / High pT higgs categories
Theory uncertainty [%o]

stat PDF ISR, FSR Scale
L/H merge L/H merge L/H merge
260 40k 23 55 30
300 | 40k 1.5 3.8 6.2
350 40k 3.4 79 3.7
400 40k 0.89 23 Zr
500 40k -3.1 6.0 4.5
800 | 40k 1.8 5.4 31
1000 40k 1.9 35 1.9
non-resonant 40k 2.5 4.2 4.2 ”




I'/m . [%] ATLAS Internal hMSSM
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m, ATLAS Internal h(MSSM
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hMSSM BR(H-hh

BR(H—hh)  ATLAS Internal hMSSM
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hMSSM exclusion overlaid contours
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[/my [%] ATLAS Internal low-tanp-high
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m, ATLAS Internal low-tanf-high
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low-tb-high BR(H-hh)
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low-tb-high exclusion overlaid contours
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TS distributions

—— ModelConfig_with_poi_0

TS distr

TS(data)=0

—— ModelConfigBkg

—— ModelConfig
—— test statistic data
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TS distribution
e ts distributions at 300 GeV

1C null / b-only
- — test statistic data
‘HT':—
1072 —
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=10 -8 -6 —4 -2 0 2 4 B 8
Frofile Likelihood Ratio
300 GeV

obs ts value: 3.03275
obs p-value: 0.0052399
obs significance: 2.55958 24




1000 PLR

« Scan PLR for 1000 (a point with consistent p0O and
limit) from mu 0 to 0.1

« mu_hat (1000) in data = -0.00463018
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Channel limits [res]

o4 L s B S B B Sy )
2 C 1 .
= - ATLAS Internal ys=8TeV 20.3fb ]
% 30:_ —8— Observed B
T 25:_hh—> YYWW (yy v qq) - Expected E
% E .i 5 expected E
T 20F [Jezoomecea
LooF :
5 15 -
o} C ]
10 -
5 -
T 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | _I
250 300 350 400 450 500
my, [GeV]
T 450 N A -
S F ATLAS ]
= 45_ [Lat=20 " at =8 Tev E
; 35K —=— (Observed 95% CL Limit 3
o - @ Expected Limit +1o 3
¥} - + = =« Expected Limit £2¢ =
4 . 1 Type | 2HDM: ]
& o5E- tanp=1, ms(ﬁ-a}=-ﬂ.{]5_:
1.5 —f
05 A |\1‘1 A T R .
' 300 350 400 450 500
my [GeV]

T 10

OX

95

—
o

o(pp — H — hh — bbbb) [fb]
=

T I T T T T I T T T T ] LILEL T | T LI I T T T T I T T T T I LI T I

- ATLAS v 8 203 f i
= — TT —
ut T -0 ]
_E ’
Nzto i

+ G

.
300 400 500 600 700 800 900 1000

ATLAS Internal === Observed Limit (95% CL)
\E =8TeV I Ldt=195 fb‘1 weeuns Expected Limit (95% CL)
- Expected +1o

Expected +20

1 | 1 1 | 1 1 | 1
1000 1200 1400

1 | 1
800

m,, [GeV]



h M SS M mass obs median

260 1.70982 1.07204
T _ _ 270 1.71558 1.44778
« EXP limits from interpolated points 280 1.68024 1.33733

[270,295] are fairly high and they 285 1.86328 1.32284

: 290 1.79416 1.34562
squeeze the exp exclusion 205 1.75  1.31602

« while obs limits [280,295] enlarge obs 300 1.875 1.24402

: - 305 1.02324 1.22968
exclusions due to their lower values 310138 1.18860

3151.38127 1.15763

s i REiE Al BB Ly |8, 3201.42977 1.14865
. e i ;;ggg_a' 15 & ('3 I hMSS 325 1.83205 1.15191
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: f 85 31 571 350 1.38609 0.91573
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= a5 71 o1 380 1.12399 0.776402
2f sea s s 400 0.757059 0.551772
| 420 0.6811 0.497055
440 0.649041 0.469644
460 0.624596 0.432331
480 0.593367 0.405629
500 0.583098 0.398977
500 250 300 350 400 450 500

m, original mass points 27




|OW-tb-h|gh mass obs median

260

270

« EXP limits from interpolated points 280
[270,295] are fairly high and they 285
squeeze the exp exclusion 38(5)

« while obs limits [280,295] enlarge obs 300
exclusions due to their lower values 305

1.68381 1.05287
1.75344 1.49313
1.64129 1.33096
1.86551 1.31533
1.52873 1.34658
1.75 1.32489
1.875 1.27362
1.02888 1.23646

310 1.38 1.19488
315 1.418291.18453
2 o SpRE i 320 1.387251.11229
Tk 45yt kb 325 1.783 1.10554
PSR 330 1.58405 1.14461
; 340 1.53546 1.04214
3 350 1.4123 0.925285
: 360 1.00468 0.86803
: 380 1.09831 0.758645
2k 400 0.761744 0.549154
420 0.679285 0.500606
440 0.652151 0.463074
460 0.640985 0.443172
i 480 0.611022 0.419592
: B cos o =04 515 500 0.575566 0.387592
300 250 300 350 400 450 500
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6xBR(H—shh) [pb]

The issue at 360/380

At 360 380, limits show data excess but p0 value
do not seem so

1035"'I""I""l""l""I""l""l""l‘; o 1; 3
= ATLAS Internal Vs=8TeV 20.3fb 18 FTTEUTTUUR RS T e o

10°E —®— Combobs 95%CLIimt bbrt exp | S 1 _-'- o Lot 0% SRCLOLTITTUETETECEETETED EEREL TECEERLICELETES 1o
; === Comb exp 95% CL limit ==+ WWyy exp ; 10 : _§
. -thhand TT bbYY exp - E

10 Tl [ 20 bana —  bbbb exp S 20

1072

‘ —o— combined obs ATLAS Internal
...... 4.--o- WWyy obs S o v

-=- bbtr obs 's=8TeV 20.3fb"
--~- bbbb obs

2 | | | | e bbYY Obs
10300 400 500 600 700 800 900 1000  10°" 450" 400" 500 600 700 806 900" 100
my, [GeV] my, [GeV]
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=0

one-sided discovery

definition of test statistic
with which pO values are
calculated

This is actually due to the {_2111 A(0)
9o =
0

29
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mu_hat

 mu_hat values are plotted as function of mH

mu hat

0.8

0.6

0.4
= [OWMAa55

0.2

200 250 300 ab 400 450 500 550

-0.2

m(H)

360 & 380 have mu_hat <0
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PO values

 Now, using a non-zero ts definition (“signed
discovery”) when mu_hat<0, we have p0 values
< 0.5 at 360 380

0.1
po value mlp SigNed discovery
el CNe-Sidled discovery
0.01
0.001

m({H)
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107

10°2

TS distribution

e ts distributions at 360 and 380

null / b-only

— test statistic data

- 360 GeV

Profile Likelihood Ratio

107

" 380 GeV

.. obs ts value: 000746296
- obs p-va'JIue: .175806
obs significapce: 9.931465

null / b-only

— test statistic data

-10

|
5
Profile Likelihood Ratio

* In general, ts distributions is asymmetric; so even
when ts(data) goes to negative, p0 value can still

remain below 0.5
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PLR curve

 how could mu hat < 0 but obs limit is higher than
median (data excess)?

 because PLR in data is wider than expected

PLR

= asimovData

== ohsData

33




The issue at 920/940/960

920 940 960 have data deficit in limit plot but p0O values
seems to be 0.5 ~ 0 sigma

by now, we have checked with David and have
consistent bbbb p0 values

]|I[II]I[III1I[II

V. 20.3fb"

% CL limit bb,c,-c exp

% CLlimit == - WWryy exp
-~ bbyy exp
—  bbbb exp

' 20.3 b .

1 | 1 | L1 | 1 | 1 1 |
700 800
my, [GeV]

| I L1 1 1 I L1 1 1 | |
800 900 1000
my, [GeV] 34



920 PLR

« mu_hat in obs is positively close to zero 7.28235e-10, giving
pO values ~0.5

« obs PLR is narrower than expected, this leads to lower limits in
data

« but the non-parabolic structures seem strange, we further on
check signal/bkg templates

PLRE 920 GeV

10

= gsimovData
== nbsData




Check bbbb sig&bkg

« David checked the signal and background

templates used in the fit

 There are bins with only signal but no

backgrounds

15 %
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Interpretation hMSSM

« Using all interpolated points to do the

Interpretation
= 5 «w 5
. ATLAS Internal Vs =8 TeV 20.3 fb " hMSSM | € ATLAS Internal Vs = 8 TeV 20.3 fb' hMSSM
4t 4
Observed exclusion Expected exclusion Observed exclusion Expected exclusion
3+ 3l
oL NOW o previously
éool L 250| L |3(|)0| WA |35|0| L |4(|)0| L |45|0| L |50 éoo' L1 250@ ' '35|0' S '460' o '45|0' — 'n?oo
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hMSSM

« EXP limits from interpolated points
[270,295] are fairly high and they
squeeze the exp exclusion

« while obs limits [280,295] enlarge obs
exclusions due to their lower values
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mass obs median

260 1.70982 1.07204

270 1.71558 1.44778
280 1.68024 1.33733
285 1.86328 1.32284
290 1.79416 1.34562
2951.75 1.31602

300 1.875 1.24402

305 1.02324 1.22968
3101.38 1.18869

3151.38127 1.15763
320 1.42977 1.14865
325 1.83205 1.15191
330 1.54764 1.10584
340 1.51589 1.04156

350 1.38609 0.91573

360 0.988968 0.838741
380 1.12399 0.776402

400 0.757059 0.551772

420 0.6811 0.497055

440 0.649041 0.469644
460 0.624596 0.432331
480 0.593367 0.405629

500 0.583098 0.398977

original mass points 38




Interpretation low-tb-high

« Using all interpolated points to do the

Interpretation

@ 5 5
g ATLAS Internal Vs = 8 TeV 20.3 fb™' low-tb-high ATLAS Internal Vs = 8 TeV 20.3 fb"' low-tanB-high

4+ 4

Observed exclusion Expected exclusion Observed exclusion Expected exclusion
3t 3l
NOW previously
21 ol
500 25|0 3(|10 35|0 4(|]0 45|0 500 EOO 25'0 360 35'0 4(|]0 45'0 500
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low-tb-high

« EXP limits from interpolated points
[270,295] are fairly high and they
squeeze the exp exclusion

« while obs limits [280,295] enlarge obs
exclusions due to their lower values

ST

tanp

ATLAS ilrjtériai /s = 8 TeV 20.3 fb' low-tb-high

ar :ﬂ G)béerifefi gxclusion [ ] Expected exclusion
----4- = 250,250,270,280,290,300 GeV------- m, = 122 GeV

§ ]

R | l |
éIOO 250 300 350 400 450 500

mass obs median

260
270
280
285
290
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300
305
310
315
320
325
330
340
350
360
380
400
420
440
460
480
500

1.68381 1.05287
1.75344 1.49313
1.64129 1.33096
1.86551 1.31533
1.52873 1.34658
1.75 1.32489
1.875 1.27362
1.02888 1.23646
1.38 1.19488
1.41829 1.18453
1.38725 1.11229
1.783 1.10554
1.58405 1.14461
1.53546 1.04214
1.4123 0.925285
1.00468 0.86803
1.09831 0.758645
0.761744 0.549154
0.679285 0.500606
0.652151 0.463074
0.640985 0.443172
0.611022 0.419592
0.575566 0.387592

original mass points 40




Summary

« wwyy and bbtautau added theoretical
uncertainties, small effects

e combination:

* limits and p0 at 360/380 are explained with
the checks on mu_hat and PRL

« strange p0 values at 920/940/960 can be seen
by PLR curves, but the bins with signal but no
background in bbbb need to be fixed

* Interpretation with all interpolated mass points
shows smaller exclusions
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