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Introduction: H - py

Small branching ratio (~0.23% for
a 125 GeV Higgs)

Simple signhature: two isolated
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Large backgrounds: yy, yj, jj
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Higgs property measurements
In the diphoton decay channel

H - yy in this presentation: 8 012 ATS Simtatn .
S 0.1 H-vy, m =125 GeV _:
* MAasS (Phys. Rev. D. 90, 052004 (2014)) g o ATLAS E
z [ Simulation P RI5.65 G
« signal strength/production modes Z 0.08f- .
(arXiv:1408.7084) 0.04F =
0.02F I
* fiducial and differential cross sections | ./ N . .
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.052004
http://arxiv.org/abs/1408.7084
http://link.springer.com/article/10.1007/JHEP09(2014)112

Common ingredients

Common elements in these analyses:

] E 0L ljlldtl=l4.5lfbl“‘,\l‘sl=7lTelvl o IAITII.AISI -
Event and Photon selection: 2 JLat-20310" 158 Tev 4 Data
. . Jﬁ) 4000 Unweighted sum — Signal+background
* Photons identified through shower shapes -+ Background
« Two isolated photons within |n| < 2.37, 3000 — Sional

excluding 1.37< |n| < 1.56
« 105 GeV<m <160 GeV
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Signal extraction:

data - fitted bkg

 Simultaneous s+b fit

-100
-200
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- m,, [GeV]
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« Parametrization chosen to limit size of potential bias, require fitted signal in a

s+b fit to a background-only simulation to be small
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e/y energy calibration

Final Runl energy calibration procedure: Eur Phvs.J. C74 (2014) 3071

SIMULATION _
: Energy resolution
w 004 T
© 0.035F ATLAS \s=8 TeV,JLdt=20.3 fo! =
3 0.03A Unconverted photons, n=0.2 _J
3 C ]
CIE::er ely » calibrated 0.0251— —
! , ! o - .
energy cnerey energy 0.02~ —
. r » # 0.015F- =
0.01E -
0.005F =
n HY_JMw ] Gain ] S A RN R AN RPN BTN AU B B
DATA 20 40 60 80 100 120 140 160 180 200

] E; [GeV]
Several improvements:

° Many data driven corrections (intercalibration of the layers, non uniformities in the calorimeter)
» Better detector material simulation

* New MVA MC-based calibration (using position, shower depth, presampler, radius of conversion)
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http://link.springer.com/article/10.1140/epjc/s10052-014-3071-4

Mass measurement

H- yy mass measurement:

* Full Runl dataset: 4.5 fo? @VS=TTEV, 5 @b jiuissm o ‘_‘:“‘3 =

S r Data 7

D 160X s/b weighted sum ombined fit: —

20.3 fb™* @+s=8TeV D1 % Mass measurementcategories O asackgaund

C B.ackground E

- data divided in 10 exclusive categories ¢ o E

based on resolution and s/b: N E

converted/unconverted photons in the E E
detector, n, p;, “E
- systematics dominated by photon energy §
measurement (reduced by a factor 2.5 & =

. G NSE . . . .
with new e/y calibration) TR R
m,, =125.98 = 0.42(stat) = 0.28(sys) GeV
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Separation of production
modes

~0.6%

Analysis strategy:

g t
e Full Runl dataset: 4.5 fb™* @+s=7TeV, K-H
20.3 fb* @+Vs=8TeV g t

iHH
« Analysis performed at the Higgs boson mass measured q S vz
by ATLAS (yy and 41 combined), m = 125.4 GeV .
R L I I L I I LU I I q \\H
.. . BogoF IVBF  BWH [zZH 7 bbH tH —
+ Data divided in ATLAS oo o ey VH = WH or zH
. . 17H leptonic D ~T.20%0
exclusive categories o g :
VH dilepton
optimized for the s VH :E"H
VH hadronic
different production LoF o e
Forward - hig%o;:
mOdeS Forward - |OWpTI g‘ ~87%
Central - highpTI
Central - |OWpT‘ -——-Y
0O 01 02 03 04 05 06 0.7 08 09 1 }
Fraction of each signal process per category g
gg—H
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Separation of production
modes

Signal strength of the primary production processes

Uncertainties:
» Statistics is the dominant n

* Theory uncertainties of the same

order of experimental systematics

: i 1!
« Dominant experimental WH
systematics: luminosity, photon Mo

energy resolution
Hogr

Measurement for the five main
Higgs production modes, all
consistent with the SM expectation

p=1.1740.23 (stat.) T91

O.obs
K= —anr
5 SM
_IIII|IIII!IIII|IIIIIIIIIIII|IIII|IIII|IIII_
—— H  — Total
3 i. L q — Stat. E
- : — Syst. ]
=
b+t ATLAS ]
n i |Ldt=45b" \s=7TeV -
He-H [Ldt=20.3b", Vs =8 TeV -
H"ll H — yy, m, =125.4 GeV E
Illllllllillll|IIII|IIII|IIII|IIII|IIII|IIII_
1 0 1 2 3 4 5 6 7 8
Signal strength
+0.12
(syst.) Zg.os (theory)
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Fiducial and differential cross
sections

Improve understanding of kinematic properties of Higgs boson
production and decay in an almost model independent way

Measurement: Differential fiducial Cross section
. : 1 — Stg
Full 2012 data: 20.3 fb™* @+/s=8TeV do B Ni . ¢
. I7 fl.duual regions: 5 cross sections + 2 dX AXiLint
Imits

. 20 differential cross sections Unfold to fiducial volume:

» Two highest photons (not coming

 all corrected for detector effects and can . )
from hadrons) with “standard

be used to directly compare to theory diphoton selection (slide 4)

predictions (available in HepData) * Mimic detector level isolation:
E,""(R=0.4) < 14GeV

 bin-by-bin unfolding
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Fiducial cross sections

——r———————— ——rr Results show

. . ATLAS - . .
Pphoton baselne | 5= g8 Tev = 5 | compatibility with state-
L dt=20.3fb™ o .
N . =1 B —e— -
S syst. unc. N | of-art SM predictions and
Nigs 22 - are in line with measured
Ny >3 - - B signal strength.
i Bl XH = VBF + VH + ttH |
LHC-XS + XH
VBF-enhanced v —e— = HRes 2_2++ XH ¢ my >400 GeV,
~ % STWZ + XH ]
Nleptons > 1 I I 0 JetVHeto + XH |Ay”|> 28’ |A¢yy,jj|> 26
i * BLPTW + XH i
miss | & MiNLO HJ+PY8 + XH
ET™ >80 GeV | M MINLO HJJ+PY8 + XH
1 1 1 1 111 Il 1 1 1 1 111 Il 1 1 1 1 111 Il ]
107 2x10™ 1 2 345 10 2030 102
G, [fo]

oga(pp— H —7y) = 43.2 + 9.4(stat.) 52 (syst.) & 1.2(lumi) b
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Differential cross sections

Observables sensitive to: Higgs kinematics, jet activity, spin-CP and VBF topology

For each observable: Sosofo_wmas i 3 & R ;”NJ ets
« Partition the dataset: e.g. N,=0, 1, 2, A R
etC . 500 é ;Ez}gmund!b é 200 i_ : E};%gmund,b
» Extract the signal yields in all bins With 3" byt s s srtupmbasmtonsd *
100 £ + o oy

a Simultaneous Signal plus 110 120 130 140 150 160 110 120 130

m,, [GeV]

150 160

140
m,, [GeV]
ppH-yy (E=8TeV
JLat=203f" -
my=125.4 GeV

Ny, =3, i >30 GeV

tt 4

4

background fit ey S
T T T -‘;2 250 53 JLdt=20310" % 100 &
| ATLAS I Luminosity ] & 2005 ¢ " :‘:rp G:’D . & 8of +
L Hoyy, s=8TeV ® Correction factor syst. | 150 - s . ! 60
B Ldt=20.3f0" I @ Signal extraction syst. ] 100 o gata ¥ i OF o
- iati ] E — s+bfi L £ — sibfi
| @ Statistics — 50 E_ - h;gkfgtmund, b E 20 E--- b:c);g:round,b
05 I - & 50 Bt + - + + :' a _, ; }
B B © i3 + o 7
B n -50 _++ ¢ -20 + +
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Differential cross sections

Unfolded distribution for N.

jets
Uncertainties dominated by statistical uncertainties
o) [ ' l l ] LI I L B N L
=, 35: ATLAS —4- data ~ syst. unc. 1 ATLAS
2 anb 7| ag—H (MINLO HJ+Pv8) + XH ] ry — = s UERs Wl
© 303 NJ ets (K ygr = 1.54) Pr B VNS I=IOAEN =, B POWHEG+PY8 + XH |
25:_ -=+ XH = VBF + VH + ttH ] |yyy| JL dt = 20.3 fb™! T_°_' & MIiNLO HJ+PY8 + XH
/ Hesyy, |s=8TeV Nigo I e M MiNLO HJJ+PY8 + XH |
20 Ldt=2031b" = o [ — B HRES + XH
% ? ///A/ {f’e‘ > 30 GeV New™ s — red data © syst. unc.
15 :_ T . p]1‘—| [—"—
10 o " -
C / / pi2 i —
5F R S | . T -
E 17 7] T HT —=
Fo===mm == === e B | BN I %
[ O T : : |Ay”| |—o—|_
.o -
S 4 + Al | ' -
o * —
E,_ ol ) 1 |cos(8%)| i -
© ﬁ v, v i 47 |A¢jj| -_
E 0 I I I I 1 1 1 I 1 1 1 | 1 1 1 | IIIIIII l 1 1 | 1 1 1 I 1 1 1 I
© 1 2 >3 02 04 06 0.8 1 12 14 16 1.8
N

e Ratio of 1st moment relative to data
All distributions are available in the backup
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Summary

e Presented latest Runl ATLAS measurements of the Higgs boson in the
diphoton channel decay:
 Mass
« Signal strength
* Fiducial and differential cross sections

« All analyses show improvements from their early publication and benefit
from improved photon and electron energy calibration and identification

* Improving systematic uncertainties understanding while current
measurements are limited by statistics

« Within the statistical uncertainties, good agreement between
measurements and SM theory predictions is found in all cases

* Looking forward to next ATLAS data taking!!
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Backup
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ATLAS @ LHC

Data used in these analysis: pp collision data recorded with the ATLAS
detector at the LHC

Tile calorimeters

LAr hadronic end-cap and

M forward calorimeters

Toroid magnets < TAr eleciromagnetic calorimefers>

Muon chambers Solenoid magnet {_ransition radiation fracker—>
Semiconductor tracke

Subdetectors of particular importance
* Inner Detector
 Liquid Argon calorimeter

02/12/2014 Marco Filipuzzi 15



calorimeter

ATLAS Liquid Argon

The main tool is the ATLAS Liquid Argon (LAr) calorimeter
» Longitudinal segmentation (pointing)

* Fine n granularity in first layer (y/jet separation)

LAr hadronic
end-cap (HEC)

LAr eleciromagnetic
end-cap (EMEC)

LAr eleciromagnetic
barrel
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- - - . /'j\- N T T T T T T T T . T T T T l T T T T I T T T T I T T T T ]
Systematlc uncertainties: = af All systematics . —68%CL -
5 [Fmmmmmnne Without mass scale uncertainties 95% CL ]
. GC) oo Without systematic uncertainties ° ]
* energy scale dominated reduced by £ _.F + sesti E
E r ATLAS ]
a factor 2.5 e r H oy E
« most important remain: LAr cell-non oF .
linearity, material, lateral shower F {7 TeV, j L4515
. C ‘ 4 4
shape photon/electron differences - [ . e Tlev’f Lat =203 07 -
0-5 125 126 127 128 129 130
Unconverted Converted my [GeV]
Central Rest Transition Central Rest Transition
Class low pt¢ high pry low ppy  high ppy low ppy  high pr¢y low ppy  high ppy
Z— et e~ calibration 0.02 0.03 0.04 0.04 0.11 0.02 0.02 0.05 0.05 0.11
LAr cell nonlinearity 0.12 0.19 0.09 0.16 0.39 0.09 0.19 0.06 0.14 0.29
Layer calibration 0.13 0.16 0.11 0.13 0.13 0.07 0.10 0.05 0.07 0.07
ID material 0.06 0.06 0.08 0.08 0.10 0.05 0.05 0.06 0.06 0.06
Other material 0.07 0.08 0.14 0.15 0.35 0.04 0.04 0.07 0.08 0.20
Conversion reconstruction 0.02 0.02 0.03 0.03 0.05 0.03 0.02 0.05 0.04 0.06
Lateral shower shape 0.04 0.04 0.07 0.07 0.06 0.09 0.09 0.18 0.19 0.16
Background modeling 0.10 0.06 0.05 0.11 0.16 0.13 0.06 0.14 0.18 0.20
Vertex measurement 0.03
Total 0.23 0.28 0.24 0.30 0.59 0.21 0.25 0.27 0.33 0.47
m,, =125.98 = 0.42(stat) = 0.28(sys) GeV
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Mass measurement

Mass measurement

b. - . < 7_ | T T 17T l T 17T | T 17T I T T T T 17T T 17T | T T 171 I T 17T I T T 171 ]
combination: £ r ATLAS —— Combined yy+41 ]
. W gL Vs=7TeV [Lat=4510"  Hoyy E
* Previous value was - \s=8TeV [Ldt=203 b  H 77 A ]
5:_ ------ without systematics _:
m, = 125.49 + 0.24(stat) 4 N N N oo
050 2(sys) GeV 35 .
« compatibility between H-yy  2F E
and H—4[] measurements is 1o XYY T/ T Bk
_I | 11 1 | 1 1 1 1 | 1 1 1 | 1 ) I 11 | 111 | L1 1 1 |:
1.980 0503 1532 24 1245 125 1955 126 1265 127 1275

m, [GeV]
m,, = 125.36 £ 0.37(stat) = 0.18(sys) GeV
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Differential cross sections

Observables:
« Higgs kinematics: p, |y|, of the di-photon system

e Jet activity: N, p;, |y|, of the (sub-)leading jet, scalar sum of jet momenta H,
« Spin-CP sensitive: [cos6*| of the Higgs, |A¢,| between the two leading jets N.
- VBF sensitive: |Ay,|, |A¢,, ;] jets

For each observable: o B L e
IM1500§ N =0, P30 GeV : u BODE_ N =1, P >30GeV ]
« Partition the dataset: e.g. N =0, 1, 2, 000 E “F o
etC, or 20 < pT:VV < 30 Gev’ etc . 5 %,Tbackgruu‘nd,b+ . . . E o E —f‘fbackgrc)ljnd,b
) ) ) ) ) ;:;mﬁ WWW_&. g%k

¢ EXtraCt the Slgnal ylelds In a‘” bInS Wlth B 110 120’ 130 140 150 1-60 wE 110 120 130 140 150 160
a simultaneous signal plus e o
background fit ?:225”; {nm 3 1ok flasmsw
: : . § o e 0 oo 3
* This correlates systematic uncertainties == i By, 3
and the Higgs boson mass m_ across 0E L s : L
- e ST RS S
bins (for each observable). § o A Pt £5 g A St

m,, [GeV] m,, [GeV]

Bin-by-bin unfolding using correction factors ¢, = nPamicle | pReconstructed (forced by low statistics)
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Uncertainties

The measured differential cross sections are subject to uncertainties on the
overall yield and on migrations between bins of the observables.

Luminosity uncertainty:
» Flat 2.8% affecting fiducial and differential cross sections

Correction factors uncertainties:

Njets

« Trigger efficiency, photon energy scale and - ATLAS B Luminosity -
. . . . . . L H-yy, Is=8TeV @ Correction factor syst. —
resolution, photon identification and isolation I PP = © Signal extracton syst. |
eﬂ:ICIency 05 - @ Statistics B

» Gluon fusion modelling and signal - :
composition e — .

 jet energy scale and resolution, jet vertex
fraction and pileup mismodelling

o
o

Signal extraction uncertainty:
« photon energy scale and resolution,
background modelling

Fractional uncertainty on cross section, Ac; /o
o =
II‘

1
—

Statistical uncertainty
dominates
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Differential cross sections

The unfolded distributions for the described variables are presented. As seen in the
previous slide, the results are limited by statistics.

;‘ rrrTr T T T T T UL L L I IR IR E LR B L LR DL L UL DR LR DL BLEL L B
(5 | ATLAS ~4- data "~ syst. unc. = goL ATLAS —-data ~ syst. unc.
% + 99—H (HRes) + XH S T H-yy, ls=8TeV 99—H (HRes) + XH
= 1F + (Kogr = 115) E 2 50f [Ldt=2031" (Kogr = 1.15) -
%'_ %% SocXH = VBF+ VR ttH bg g ==+ XH = VBF + VH + ttH
- i % H—yy, \s=8TeV ] O 40F .
2 —_—— I -1 B
o) L Ldt=20.3fb . L
gel C
107E 7 . 30F — .
7777 .
20 :
S Z : == :
) 10 -
102177 el -3 L 2
. P IS ST (R RO (VTR HEV T S AR B I A e i B R ST SRS oo
c c Y
0 o
o 4} k3]
3 o . + 3 2 ——
o 2r o= | 5_ ————
~ YZZZV 777V 77T AZA g 72 # ~ i Aesisiisf 7% gt
% Oﬁ._m..|...|...|...|...|...|...|...|...' % Ob by b b b b b b b
o 0 20 40 60 80 100 120 140 160 180 200 o 0 02040608 1 12141618 2 22 24

p_ﬁy [GeV] Iywl
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Differential cross sections

The unfolded distributions for the described variables are presented. As seen in the
previous slide, the results are limited by statistics.

— _ T T I -
2 B arvas —4- data ~ syst. unc.
b‘“g 30F gg—H (MINLO HJ+PY8) + XH ]
C (K g = 1.54) .
25;— - -« XH = VBF + VH + ttH -
2 H—yy, |s=8TeV
20 7 [Ldt=2031" =
’/// 7 jet ]
15 —/ p’T > 30 GeV
- —————
1 O L N —
i 700
C 7 7 * §
= 1 """"""""""""" ] -
S O I : I
o 4} _
o)
o
o 2 F 1 i
B j A I . 7
© 0 ' L |
© 0 1 2 >3
Njets
02/12/2014
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|
syst. unc.

T
+ data

9g—H (MINLO HJ+PY8) + XH
(K e = 1.54)

-+ XH = VBF + VH + ttH
H—yy, is=8TeV
f Ldt=2031b"
P> 50 GeV =




Differential cross sections

The unfolded distributions for the described variables are presented. As seen in the
previous slide, the results are limited by statistics.

; T T T | T T T T T T | T T T I T T T | T T T §
) ATLAS —4- data syst. unc. =
g 1 | 9g—H (MINLO HJ+PY8) + XH  — %
— % (Kyqr = 1.54) ] g
- o
Q | --- XH = VBF + VH + ttH g
o
~ — ©
©
= 7 7
L Z/Z 7
Lt
107 E
[ H-yy, s=8TeV %%
I f Ldt=203fb"
: Njets 20 : ---------- -:
1 . I | ol : 1 | 1 L 1 IF - 4 = - L b L . -
5 I I I [ I g
o S
© 2r ——— S
&) ——— ()]
oY /# 77 7 7% 7%, S
—~ ~
% o . .. N P R B B «©
© 0 20 40 60 80 100 120 140 3
i1
p! [GeV]
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") 9g—H (MINLO HJ+PY8) + XH -

(K ggr = 1.54)

=== XH = VBF + VH + ttH
H—-yy, \s=8TeV
IL dt =20.3 fo

Nee 21, p° > 30 GeV
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Differential cross sections

The unfolded distributions for the described variables are presented. As seen in the
previous slide, the results are limited by statistics.

T T T T T T T T T
ATLAS

——
—+—data

% syst. unc. % 15_ I+I—|dalltal syst. unc.
g 1= gg—H (MINLO HJ+PY8) + XH 3 % C gg—H (MINLO HJJ+PY8) + XH E
= % (Kggr = 1.54) = (K g = 1.10)
Il\ i -+ XH = VBF + VH + ttH o A_.,_ - XH = VBF + VH + ttH
\_D o - H—)’}/y, Is=8TeV E %%_‘
g %7 L dt=2031" S107E '_ E
© 3 c
—4 Nge=0 |~ |
s 7 i 1 Eeeee " 1
V L % JT | H—yy, ls=8TeV "-"":
102F JLdt=20.3fb’1 V
------ ' 77777, 7 7 7 /_ L N'es 21 :
L ".""|"".-T-."[L2/L. ./.J/L ; {/ " l l Lo LT
S T T ' e s B S 5 ' T | | T T
5 4 | 2 |
3 i 3 4 !
o 2r JE o ol ———
~ W 7z 7 —~ —&—A S— —
% 0 M R | | PRI NN T S S A S T S % O PR S NN S ST S S P | M T TR S T T
© 0 50 100 150 200 250 © 0 20 40 60 80 100 120 140
H, [GeV] p= [GeV]
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Differential cross sections

The unfolded distributions for the described variables are presented. As seen in the
previous slide, the results are limited by statistics.

3 :I T T I| IIIIIIIIIIII |IIII|IIII|IIII|III|||||_ E 103E ]|| T III T T T T ]]]ll
= [ ATLAS —4- data ~ syst. unc. ] @ E ATLAS ~4- data syst. unc. ;
_ L B ~ L ; 4
=L /) 99-H (MINLO HJ3+PY8) + XH | g [ 77) gg-H (MINLO HJJ+PY8) + XH
% i (K gqr = 1.10) | —10?E (K g = 1.10) -
\'c === XH = VBF + VH + ttH e; E ==+ XH = VBF + VH + ttH ]
= P S //// - ﬂ
8 T ] T g |
r ] ~ | === —————— —
% 2 . b-f—f 10E = =
----------- vzzzzzzz222 I © Bmmmmmmmmgmme
___________ V222877,
I : 1 I l
H-syy, 's=8TeV : TE Hoyy, s=8Tev E I
10'F f Ldt=20.31fb" : = B ILdt=2o.3fb" r/
- jet } % 2 8 j ¥
F Ny 22, pf >80 GeV S dse L 1ok New22 P > 30 GeV L -
PPN RN ER RTINS EREVIEN ARSI ERFETr RV A A A E L i L .
C rrrrr [ rrr r [ rrr r [ rr r [ rrr 1 [ 1T 7T T I [ T T T T [ T T T T [T 17T 7] 1T T T T T T T°7T T T T T T T°7T T T
9 4 T T T I I T T 5 T T T
S B o
5 { B i
o ——
~ 4t . ~ 2
3 . O
-'(_U' 0 IIIII I 0 - l Ll 11 I Ll I 0 I Ll I | T l L1l I |- -'(_6‘ 0-|||| | I | | ||||| 1 1 L 1 I
S 0 1 2 3 4 5 6 7 8 e, 102 10" 1
Ay | n- A rad
i | q)W-jjl[ ]
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Differential cross sections

The unfolded distributions for the described variables are presented. As seen in the
previous slide, the results are limited by statistics.

' [rrrrprrrrprrT T T T [rrrrprrrrprTT T T T T T T T T T T T = 14_""I""|"" [T
§14o_— ATLAS —4-data © syst.unc. - @ - ATLAS
— [ H—yy, is=8TeV /) 9g-H (HRes) + XH E 12~ H-vyy, 's=8TeV =
%120:— det=20.3 e (Kyqe = 1.15) B — [ ILdt=20.3 fo’! ]
§100_ ==+ XH = VBF + VH + ttH 1 z 101 Nigis 22, p':t>30GeV .
© © B b
\.12 \.'9 8'_ + data syst. unc. ]
_8“- 80:— ] _8“_ E gg—)H (MiNLO HJJ+PY8) + X H
- ! 6 (K e = 1.10) —
60 — ¢ — - %
L === XH = VBF + VH + ttH
a0z ] ar E
i 72777777 oL . — -
20__ — . Wﬁm
c O e e e e c O=== : : S EBERREEECT
S  6r o
o kS
3 83 5 -
o 5 s o
5 ot 5 ; —
-~ 0 ........................................ "&; 0 T T I R IA| I B PR | I: T | .V. L |
S 00102 0304 050607 08 09 1 3 0 05 1 15 2 25 3
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Differential cross sections

The unfolded distributions for the described variables are presented. As seen in the
previous slide, the results are limited by statistics.
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Differential cross sections

The unfolded distributions for the described variables are presented. As seen in the
previous slide, the results are limited by statistics.
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Differential cross sections

The unfolded distributions for the described variables are presented. As seen in the
previous slide, the results are limited by statistics.
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Differential cross sections

The unfolded distributions for the described variables are presented. As seen in the
previous slide, the results are limited by statistics.
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