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Isolated photons : a rich probe with various goals



Photons In pp environment

0 -00000000 —————

-sensitive to gluon content  Compton production

(dominant)

q

- test of perturbative QCD o

annihilation, qq -

g——+——sso6s000 ¢

-final state In search for resonance

V)

v+MET

vy+MET

vy : XD

T

—

-generic gauss shape signal

-non-thermal Quantum Black Holes (QBH)
-excited quark (q*=>qy)

-LED (ADD), G+y

___-dark matter (WIMP ), qqyxx + v

-squarks + y

q>q+y,°

-GMSB : NLSP : case of lightest neutralino xloéyG
LSP : gravitino G=>Gy

~ _UED: production pair KK of quarks/gluons
decay cascade until lightest KK particle :

KK photon y*2>vy+G
-RD : KK G™>vyy

H-2>yy

(dedicated talk by Yohei Yamaguchi)

fragmentatlon ‘ ‘
-probe aTGC & aQGC
quvai ’V({_r:
W Z
’Y Z
W W
Y Y




Photons in Pb Pb environment

photon...

 colorless : transparent to evolution of matter :
->probe very initial state of collision
 sensitive to nuclear modifications (nNPDFs)

 helps understanding jet guenching (di-jet asym) in hot/dense medium :
proper energy calibration of initial (before quenching) jets

example of jet guenching, ATLAS : Phys. Rev. Lett. 105, 252303 (2010)




Main background for photons object : photons from hadronic jets :
mostly light neutral mesons : ©®, n

‘fake photons’

Main background for : -prompt photon production vyj : jj
-yy production : vj, j]
Struggling against fake photons, fakes leptons :
-shower-shape identification
-calorimeter isolation -track isolation

Q1 o} "

-photons
-electrons




Split phase space w/ two observables
-Signal Region (SR) : ‘A’ : contains signal+bkg
-Control Regions (CR’s) : ‘B’, ‘C’, ‘D’ : dominated by bkg

obs,
CR CR Applicable to various processes :
% C D Signal  vs bkg obs, obs,
g Background Background YJ JJ . phOton ISOI ’ quallty
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ABCD method : kagA: NB x NC¢ differ from A, B
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Some other methods to discriminate signal vs bkg, and evaluate bkg
 Calorimeter isolation template, in 2D

« Drell-Yan and sources w/ electrons faking photons
computes p. fake rate from Z—>ee resonance
exploits ratio of N, ; N, from data

eg : evaluation of NV, (SR) :

applies pgs, 0n N In SR

Pe>,=2-6 % =1(n)

Z region ' SR oy

« ABCD method could be applied twice, for example to extract yy "
1Isol. non isol.

loose

S 3|3

leading y candidate

(highest p+)

signal region : O(y)
control region : O(j)

tight connection of each region with

bkg processes : vy, vl, 1
loose gp YY) 1)

sub-leadin
I tight
Isol. non isol.



PP w4 YX \s=7 TeV ; L=4.6 fbL

 Selection
100<E'<1000 GeV, barrel : |n[,<1.37 ; end-cap : 1.52<|n| <2.37
« Bkg estimation
-Jets faking photons (dominant)
ABCD : calo isolation threshold : 7 GeV
-electrons faking photons (<0.5 %) estimated from Z region

 Integrated cross-section . leferentlal Cross- sectlon

—— Data 2011 '.s 7 TeV

J Ldt= 461b" —— PYTHIA (MRST 2007 LO*)
HEFIWIG (MHST 2007 LO")

barrel o(y+ X) =236 £ 2 (stat) g (syst) £ 4 (lumi) pb
o, =203 £ 25 (th) pb (NLO : jetphox, CT10)

NLO (Jetphox) CT10

= Total uncertainty
—— Scale ertainty

O (Jetphox) MSTW2008nlo
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end-Cap o(y+X)=123+1 (stat) (syst) + 2 (lumi) pb, 103;
6,=105 + 15 (th) pb (NLO : jetphox, CT10)
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resonances W/ ’L+J Vs=8 TeV ; L=20.3 fb

* 9509 CL limits

-generic gauss shape signal  -QBH -excited quark g~

6 xBR xAx¢ [fb]
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v+MET : BSM \s=8 TeV ; L=20.3 fbrt

* 95 9% CL limits osig (YYMET)=5.3 fb
-LED : G+y -squarks + y (compressed model)
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Vs=7 TeV : L=4.9 fb1

 Selection » Bkg estimation :
Er b 5>25GeV ;22 GeV  -2D template likelihood fit : calorimeter isolation
n|,<1.37;1.52<In| <2.37 -2 ABCD sidebands

A N R

* Integrated Cross-section (Gjpeq) R, S ooncumnacoro

Measured : =44.0%32,, , pb M N .

Predicted : 446 . pb 10_3:_ ]
2yNNLO : NNLO QCD direct part yy, no fragmentation :
(some lower order tested also) 100

S 3 ' =

- Differential cross-section : fgg oy .

m. . : resonance search . %*’&'& it M\M\ww ol

Pr,, - probe HO QCD pertub. effects, fragm o ‘;_ — ——

A¢,,, - probe specific regions of phase spa» : 2.35 3

cos 0°,.(y) : probe spin of diphotons resonance £ ;E%}’ A WW%WWW%W;

O- 100 200 300 400 500 600 700 800

excellent agreement data/prediction . [GeV]



Randall-Sundrum model

Vs=8 TeV : L=20.3 fb1

Compactification of XD->KK graviton excitation G -
Phenomenology=f(mg. ; dimensionless coupling to SM : for k/My=0.1

 Selection
photons : E;>50 GeV, isolated (calo isol<8 GeV)

Events/bin

Significance

10° ™
-1
10* J-L dt=20.3fb
10° \s =8 TeV
107 E Control region o -
10
-8 Data
1 — Total background
- == Reducible background
10" syst @ stat (reducible)
_2 syst @ stat (total)
10 --- RS, KM, =0.1,m_, =15 TeV
10° --- RS, kM, =0.1,m_,=2.0TeV

300 400 500

2000 300!
m,, [GeV]

AT

(Mp=Mpy/N(8))

e 9505 CL limits

" aTLAS |

|_— Observed limit
| ---Expected limit
~ [} Expected 1o

Expectedt 20 EXCLUDED

jl_clt:z‘o.e.fb’1
NOT EXCLUDED -

I1s= 8 TeV
G*—vyy

[ I R RN R S S

2.5
my. [TeV]

. 5 1 1 1 1 1 1 1

O T 11

-
lightest graviton m;>2.66 TeV for k/My=0.1



yy+ MET

\s=7 TeV : L=4.8 fb1

» Selection
>2 photons, pr>50 GeV

GGM: bino-like neutralino, tanf =2, ct < 0.1mm

* 95 % CL limits

GGM: bino-like neutralino, tanB =2, ct < 0.1mm
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s=/ TeV

\s=7 TeV : L=4.6 fb1

« final states : W(lv)y, Z(I)y, Z(vv)y
 Data driven estimation of bkg

=

* Fiducial cross-section

ext—fAd

o™ [pb] o [pb]
Measurement MCFM Prediction
Niet > 0

er/fy 2.74 £ 0.05 (stat) £ 0.32 (syst) & 0.14 (lumi) 1.96 £ 0.17
2.80 £ 0.05 (stat) £ 0.37 (syst) & 0.14 (lumi) 1.96 £ 0.17
Measurement : =2 o h lgher wrt NLO% em 2.77 + 0.03 (stat) £ 0.33 (syst)  0.14 (lumi) 1.96 + 0.17
eTeTy  1.30 £ 0.03 (stat) £ 0.13 (syst) £ 0.05 (lumi) 1.18 £ 0.05
—->NNLO solves agreement Py 132 4 0.03 (stat) £ 0.11 (syst) £ 0.05 (lumi) 1.18 + 0.05
- "0y 1.31 4 0.02 (stat) & 0.11 (syst) + 0.05 (lumi) 1.18 £ 0.05
(arX|V: 150401330) vy 0.133 4 0.013 (stat) + 0.020 (syst) + 0.005 (lumi)  0.156 + 0.012
Niet =0
. _ evy 1.77 £ 0.04 (stat) £ 0.24 (syst) £ 0.08 (lumi) 1.39 +£ 0.13
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=7 Te\V s7Tev;L=46b

anomalous TGC enhance Vy production w/ high E; photon (E;">100 GeV)
e Limits on aTGC parameters (CP-conserving Lagrangian considered)

Measured Expected

> 1
gb'j 1 processes pp — Cvy
21 A 00 00
z e Akiy (—0.41,0.46) WWY(—G.B& 0.43)
A (—0.065,0.061) (—0.060, 0.056)
—_— Y bl
o Charged A 6 TV 6 ToV
Siaf ‘ ] - Ak, (=0.41,0.47) (—0.38,0.43)
1 g g — — 3 coupllng — A (—0.068, 0.063) (—0.063,0.059)
u% 20 30 40 100 200 300 B [Ge1\300 (A](y:]%_ 1) processes pp — vvy and pp — €+€—,},
! A 00 00
X . 3.0 amas 1 s TS hl (—0.015,0.016) ZZV(_G.UW,U.MS)
s e I D | f hZ (—0.013,0.014) (—0.015,0.016)
2 W 18 Neutra| hy  (=0.000094,0.000092) (—0.00010,0.00010)
| o ) _ ) hi  (=0.000087,0.000087) (—0.000097,0.000097)
- " Coup| Ing A 3 TeV 3 TeV
I aa— L —————— h3 (—0.023,0.024) (—0.027,0.028)
B ERE -l Ty e e : h¥ (—0.018,0.020) (—0.022,0.024)
§ oo we i e Sl S h) (—0.00037,0.00036)  (—0.00043,0.00042)
e FrlGe) hZ  (—0.00031,0.00031) (—0.00037,0.00036)

—

* No evidence for BSM physics see also talk by Ulrike Schnoor

 Search for narrow resonances (example : Technicolor) : spin-1 mesons
‘techni-mesons’ : decaying to Wy, Zy, using Vs=8 TeV ; L=20.3 fb-

14
ar>Wy : exclude [275;960] GeV o= Zy : exclude [200 ; 700] U [750 ; 890] GeV



Wy evidence, Iimits aQGC\/s:8 TeV ; L=20.3 fb-

* Inclusive selection (N;,=0)
« Bkg : data-driven estimation
Dominant bkg : jets faking photon or lepton <

 Likelihood fit o= f(aQGC parameters)
_— S - * aQGC limits {N. O,mW>SOOGeV}

> 70: L ] jet
— L4 ata —
r U ] ATLAS
5 60 3 Wi + Wi . —wr O OMS 7y — WW
€ vy +jets . — DOy S WW o ATLAS Wyy
o 50 [ Other backgrounds - — CMS Wvy A : scale NP
L C N . 1
ol N 8 Tev 2081" _ AGGC Limits 95% oL f : coupling operator
C \ muon channel (Njets >0) $0 :
20_ - a‘éV - i
0 E 1oV g —
pi 8 . . . :
200 300 400 500 ag [TeV'E] |
mYY [Gev] A2 ....!.....
. S o ——
W’Y’Y eVIdence d pO 3 Y -10°-10*-10°-10% -10 10 10 10° 10* 10°

measurement : 2 ¢ higher than NLO 5
(similar to Wy : NNLO would help) better or similar to LEP and DO



Pb Pb \s=2.76 TeV, L=0.14 nb-!

Estimation of signal ; bkg : 2-ABCD method

« Shower shape tight quality in Pb-Pb environment : small changes wrt pp’s
« |solation : energy deposit around cluster R=0.3

Isolated : < 6 GeV Non Isolated : >8 GeV
 Purity : 50 % (low p;) - 90 % (high p+)

Total uncertainties : 10-38 %

. yields y+X ‘ g 1,5;_ _________________ U o ETPHOX EPSOSp 8ot 1 i B 20T
compared w/ Jetphox N LR & S & N ——
w/ various Pdfs : sl S S oo SRSl i
pp ; Pb Pb, nPDF EPS09 f(centrality) (done also for end-cap)

(‘isospin’)  (nuclear modifications to proton)

16



\s=2.76 TeV, L=0.14 nb1

* ratio Fwd/Central : reduces systematics effects
© 1 0 h L ' ! L ! ! o o
..g 40-80%, —JETPHOX pp 20-40%, ATLAS Preliminary 10-20% Forward: [ 0-10%

@ gl — JETPHOX Pb+Pb 1 Pb+Pbys,,=2.76 TeV 1.52<Ml<2.37 " 1
o 0.8 ~— JETPHOX EPS09 | " . Central: ]
s | ‘ I Ly = 0.14 nb ] _}_ mi<1.37 1

o ! 1 15 ] n 1

s 0'6?1-41—1 g 1 : I _i_ L
$ = | ~

f ]

—4
pr
&

,ﬁhﬁ
2
+

L ) L L |
10° 10? 10° 107
photon P, [GeV] photon P, [GeV] photon P, [GeV] photon P, [GeV]

o . .
—r—r—T T

.

data unable to distinguish btw scenarios ; slight preference for isospin effects
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Conclusion

PP Pb Pb : photon production
* Single photon f(Centrality, pseudo-rapidity, pT)
Measured int., diff. cross-section Good agreement w/ prediction

Good agreement w/ prediction
prospective on parton density functions

* Diphotons
Measured int., diff. cross-section
Good agreement w/ prediction

* (WiZ)y
Measured int., diff. cross-section
Good agreement w/ prediction :
Limits on anomalous TGC measured o
search narrow resonances some tensions
no evidence for BSM physics ~w/ NLO

* Wyy computation
Evidence for this process

Good agreement w/ prediction NNLO helps
Limits on aQGC in highm,, 18




Appendix



The experlmental apparatus : ATLAS

EM Calorimeter (|n|<3.2)
Pb-LAr accordion, longitudinal segmentation

ely separation
o(E)/E~10 %/NE @ 0.7 %

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter 7000 T

Inner Detector (|n|<2.5, B=2T)
Si pixels, strips, Transition Radiation Tracker

Tracking, vertexing, e/m separation
o(p7)/p<3.8.104 pT [GeV] & 0.015

25m

Toroid Magnets  Solenoid Magnet |SCT Tracker Pixel Detector TRT Tracker

Hadronic Calorimeter Muon Spectrometer (n|<2.7) 4
Air core toroid magnets (0.5-1 T), gas chambers

U trigger and momentum measurement

Fe-scint. (In|<1.7) ; Cu-LAr 1.5<|n|<3.2

Cu/W -LAr (fwd : 3.1<|n|<4.9)
Trigger, jet, MET ; o(E)/E=50 %/NE @ 3 % o(pr)/pr=2% at 50 GeV ; 10 % at 1 TeV



ldentification photons vs jets (rt°

Track/cluster matching & exploits various quantities of shower shape. EX :

Atp An 5>0.05

* Energy ratios
'Rhad:E had/E
'R E823x7/ ES2 X7 TNT 3x3 3x7

\
9
54
S w

E
w
5

6} “ 43X, /////////{/f//é...f ; //‘/:‘/ﬁ
“ el ﬁiﬂw 4
I e
n tip towers in Sampling

- E(i3)-E(il)
side™ E(:lzl)

F -Ejatio - asym. {1%; 2"} max . Widths
-AE=ESL  ,-ES ., > weighted E

in 2" or 15t sampling

“

(strips)

high for fake photon *Data/MC disagreement in shower shapes
-3 -1{+1+3 low for low photon <DVi,,->-<DVi,...>=Fudge Factor (FF)
Later : Scale Factor
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24


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-121/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-026/

anomalous gauage couplings

* |solated photons : a probe for anomalous TGC

( ) é )

final state | WZ | Wy | WW | ZZ | Zy

W W W
SM orbidden orbidden
Vﬁ Vﬁ ZM@: forbidd forbidd
VA Y
W, W, W, Z Y
alTGC
W W Z Z Z
Z W / Z

. ) \ P

EW sector ; aTGC enhance diboson prod. rate, especially ~high p; of photon
—> Search for Wy, Zy (bonus : search for BSM physics w/ Wy, Zy final state)

* |solated photons : a probe for anomalous QGC
WWyy WWZy WWzZZ

Wj;ﬁ:w E}ﬁ:W E}ii\w W' > Search for Wyy
Y v Z Y




y+X, vy In pp environment

0 -00000000 —————

-sensitive to gluon content  Compton production

(dominant)

q

- test of perturbative QCD o

»

annihilation, qq - fragmentation -

q

g——+——sso6s000 ¢

-final state In search for resonance

i F

v+MET —
vw+MET L
vy : XD

-generic gauss shape signal

-non-thermal Quantum Black Holes (QBH)

-excited quark (g*=>qy)

-LED (ADD), G+y

-dark matter (WIMP ), qqyx + v

-squarks + y

q>q+y7°

-GMSB : NLSP : case of lightest neutralino xloéyG
LSP : gravitino G>Gy

-UED: production pair KK of quarks/gluons
decay cascade until lightest KK particle :

KK photon y*2>vy+G
-RD : KK G™>vyy

H=2>7vy | (dedicated talk by Yohei Yamaguchi)

§-~00000000
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Isolated photons : a rich probe with various goals

g-00090000Q0 ————

e p penvironnement

-sensitive to gluon content - !
Compton production (dominant process) g MR Y
- test of perturbative QCD - annihilation, qq fragmentation
q ANV Y 9 ~90000000 —— NN~ T
q q

——+— 50000000 — 4 ( ——————" 00000000 —
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Isolated photons : a rich probe with various goals

-final state In search for resonance
-generic gauss shape signal
-non-thermal Quantum Black Holes (QBH) vj final state

(evaporate faster than thermalization)
-excited quark (q") R
-LED (ADD), G+y
-dark matter (WIMP ), qayy + v
-squarks + y
q=>0+%,° N _
-GMSB : LSP : gravitino G 0
NLSP : case of lightest neutralino y,°>yG
-UED: production pair KK of guarks/gluons — yy+MET
decay cascade until lightest KK particle :
KK photon y*2>vy+G
-RD : KK G*™>vyy vY - XD
-H=>vy | (dedicated talk by Yohei Yamaguchi)

 y+MET

—>probe yX, vy 28



Systematics :
-Photon selection cuts (shower shape, isolation)

-Variations on objects treatment and definition of CR
removal of shower shape correction, changes in isolation cuts, etc

-modeling of signal in MC ; leakage corrections
-Removing fragmentation photons from MC

-Energy scale/resolution uncertainties

-Functional forms to describe bkg isolation template

 Detector performance : unfolding resolution and energy scale effects

N3
° _ I ext—fid . W (Z)
Integrated cross-section o=t fd =

Aw(zy) - Cwr(zy) - | Lat
C : reco vs generated at particle level

A : acceptance generated at particle level
A runfold
J.I-\ _E'I

In a defined fiducial region

do i

dux B fﬁf‘h‘ - dx

o Differential cross-section 29



pp =2 yX

LO Compton

g

q

NLO Weaker Py, higher rate

annihilation

) q

qT

q

AVAVAVAVAVAVAVAVAVA RS

S LEEELEL RS

g

Infrared divergence

q g

virtual

q

f}j q

q

g

QED radi

{1
ISR

q

q g

i 1

ation from quark

PSR,

g q

g

Hard
scattering

g q

PR AVAVAVAVAVAVAVAVAVA

q y 4

fragmentation
g ~90000000 — 2NNV 7

ff.ﬂ

q

P;<20 GeV : NLO dominant, P+ >20 GeV : LO dominant



pdf from p p - yX

ug initiated production dominates !

(g(u) ; gluon prevalence)

process

q

« Comparison data vs prediction for various pdf, quantifing w/ y?
Tensions btw measured data and predictions

- ATLAS Preliminary

-y

e e
SEEEEEEREE Y

Theory/Data

Theory+shifts
Data

pulls

—e— Data n'| < 1.37 &= CT10

¢ Juncorrelated e MSTW2008
[ 5 total HH ABM11_5N
— MCFM == HERAPDF1.5
- - - MCFM + shifts == NNPDF2.3

—>data : potential to constrain gluon pdf
could probe 0.03<x<0.3 ; x~2E"/\'s

region data most precise (200<E;*<600 GeV) :
scale uncert dominant

—->NNLO calculation would be

300 300 400 700 Necessary to exploit fully the potential *

E! [GeV]



pdf fromp p =2 vX

Isolated photon production

1 \

g o5 Rl B R initiated production dominates
HoOEE g(u) ; gluon prevalence
___________________________________ . .
< ginitiated | Compton
] process

CT10 ABM11_5N

on subprocess fraction
o
o))

1
o
'S

q

El [GeV]

« Comparison data vs prediction for various pdf, quantifing w/ y?
Tensions btw measured data and predictions

—>data have potential to constrain shape and uncertainty on gluon distribution
could probe 0.03<x<0.3 ; Xx~2E /s

* region data most precise (200<E;'<600 GeV) : scale uncert dominant

—>NNLO calculation would be necessary to exploit fully the potential
32



Ej . F'eSONaNCes Vs=7Tev; L=2.11 fb'l

* Bkg
v+] prod
n-jets prod : radiation, fragmentation

* Selection

-photons : p:>85 GeV, |n|<1.37 (suppr. di-jet : rate T w/ 1)
(avoid kin. bias m,; regions w/ lower eff.)
tight, (calo isol<7 GeV)

“jets pr>30 GeV, [n|<2.8 fopamas i T

. > ) =2. E

AR(y,))>0.6 (suppr. photons from fragm.) S, evaa

E ® ; — Fit E

. ; e -5-0*(0.5 TeV) ;

/. mi I E T A QA (1.0TeV) 3

|le yj|<14 (Optlmlsatlon) 102;7 .f_\. --C--Z*(z.OTeV) ]

» Final DV : m, =) T, 4

-smooth, rapidly falling ) SESTRRIUE SRS WEDD - >
-fit smooth function =
B -2

:I Il J 1 1 EL L J L IE Il L I 1 L L 1 | 1 Il L 1 I :
500 1000 1500 2000 2500
m,, [GeV]



Y+] - TESONANCES +s=7TeV; L=2.11 fo!

* 9509 CL limits

-generic gauss shape signal -excited quark q”

E T ‘ T T T T T T T | T T T g 1 T T T T I T T [ T T T :
= ATLAS = —— PYTHIA g* prediction -|
: : ; 1 95% CL upper limits: n
X 10" - \s=7TeV L < E —e— Observed
X F J'Ld1=2.11 o’ 3 v ----- Expected
o o *io
cs oG/m G m +2¢
5 10% 5 107E E
g — 7%
= 20 —-—5% —
E L
= 2l —
3 10 z g
o £
A - g e
(o)) . \s=7TeV

3 10'3?det—211fb" E

107 E E L
F - ATLAS
1 Il ‘ 1 Il 1 1 l 1 1 L 1 | 1 1 Il _\ 1 Il 1 ‘ 1 1 L L | 1 1 L ‘ 1 L 1
1000 2000 3000 1000 2000 3000
mg, [GeV] m,. [GeV]

2 TeV resonance excluded excluded up to 2.46 TeV
W/ Geff:5 fb

(ce=0 X BR XA X g)
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Ej . F'esonNanCes +s=8 Tev; L=20.3 fb!

* Bkg
v+] prod
n-jets prod : radiation, fragmentation

e Selection

-photons : p>125 GeV, |n|<1.37 (suppr. di-jet : rate T w/ )
(avoid kin. bias m,; regions w/ lower eff.)

tight, isolated (calo is0l<3.65+0.011 p;?)

-jets : p>12 V, In|<2. : ' |

jets : pr>125 GeV, |n|<2.8 210 ATLAS  *
(]>J \Ns=8TeV 3
4 10 [Lar=2031" 3

AR(y,))>1.0 for jets w/ p:>30 GeV/(suppr. fragm.)
In,~v;1<1.6 (optimisation)
m,;>426 GeV : SR 10°

e Data
Fit
. . . - 1 o q* (1.5 TeV)

Final DV ] mYJ_ ‘ C A g (25 TeV)
-smooth, rapidly falling 1075 o g* 35Tev)
-fit smooth function T '

Significance




w . F'esonNanCes +s=8 Tev; L=20.3 fb!

* 9509 CL limits

-generic gauss shape signal  -QBH -excited quark g~

5! |||||||||||| ‘ ''''''''' | ''''''''' 1 E \_‘ [ LR L L I I I I I l‘_E‘ \\l\\\ll\\ll‘\\\l

= ATLAS — ATLAS = \ ATLAS

w is = 8 TeV w Is =8TeV 1 w \ \s =8TeV 1

X [Lat=2031" X | Ldr=2031fb % \ [Ldr =203

§ 10 9 x 1oF — — QBH prediction 94 x 19F \ — — PYTHIA g" prediction

o 95% CL upper limits: | % 95% CL upper limits: % \ 95% CL upper limits:

E)D( Og / mg = 1 % —e— Observed Limit 1 x \ —*— Observed Limit i

o) —— 15% e | S\ 2 B Expected Limit + 1o band © \ ----- Expected Limit + 1c band
----- Expected Limit+ 2c band | i \‘. \\ ----- Expected Limitt2c band |

10_1 N R T I N N T I B R R A | 10-1‘III\JIII\J\\II‘\II\I‘JIII‘ 10-1‘||1\

mg [TeV] M, [TeV] my [TeV]

4 TeV resonance excluded up to 4.6 TeV  excluded up to 3.5 TeV
excluded w/ c.+=0.1 fb

(6.~ X BRXAX¢)
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v+MET : BSM

» Large extra dimensions : ADD

mzPlanckznlD2+n R"

N. Arkani-Hamed, S. Dimopoulos, G. Dvali: The Hierarchy Problem and
New Dimensions at a Millimeter, Phys. Lett. B429, 263(1998), hep-
ph/9803315

 Curvature space-time : Randall-Sundrum

L. Randall, R. Sundrum: A large Mass Hierarchy from a Small Extra
Dimension, Phys. Rev. Lett. 83, 3370(1999), hep-ph/9905221

" ] extra dimension :
gravitation only

| " y
Brane Planck 0 R Brane TeV (SM)

C

M D: Mple-kTERC
Mp=Mpy/N(8)
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v+MET : BSM

-LED (ADD), G+y
q

y
q G q X
-dark matter (WIMP y)
qdyy. w/ radiations
q X
-squarks
qeq-l-Xlo q {(;{lj
i <
g q
N < %

q
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v+MET : BSM \s=7 TeV ; L=4.6 fbrt

« Background

Z(vv)+y (ISR)

Wy, Zy, unidentified lepton
WI/Z, l/j identified as photon
Top, dibosons, y+], multijets

« Selection

-photon p+>150 GeV, |n|<2.37

-MET>150 GeV

A¢(y, MET)>0.4

Veto > 1 jet

Veto electron/muon p>20/10 GeV (suppr. W/Z)
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v+MET : BSM \s=8 TeV ; L=20.3 fbt

« Background

Z(vv)+y (ISR)

Wy, Zy, unidentified lepton
WI/Z, l/j identified as photon
Top, dibosons, y+], multijets

« Selection

-photon p>125 GeV, |n|<1.37

-MET>150 GeV

A¢(y, MET)>0.4

Veto > 1 jet

Veto electron/muon p>7/6 GeV (suppr. W/Z)
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v+MET : BSM \s=7 TeV ; L=4.6 fb!

° 0 1 1 _ C T | | | | ]
95 /0 CI— Ilmlts I—ED E 2 e ATLAS \’s=7TeV,ILdt—46fb -]
] = x
Gﬁd —6 . 8 fb = - ]
- 95% CL limits, NLO Theory -
1.4 - ==="ATLAS Observed Limit + 1 (theory) ]
L —mem ATLAS Expected Limit (£ 10) -
N - CMS (5 fo) ]
L s CDF —
12— | T ch .
SURIUEIEIE —— LEP ]
= T - ~
08 e i i ST
2 3 4 5 6

Number of Extra Dimensions

-Dark matter exclude my=1.93 TeV (n=2)

T10°F go% CL Spln Dependent " 00% ¢ CL Spln Independem Tor ”Il*:
S.40%f - SIMPLE — Picasso 4" XENOMIO0 —&BMSs, 4
c § CDF. D8 T ](xx) CoGeNT @ I(XZ) racs 3
o 10—35 L ’ ' Dirac CMS (5 fb ) D5 qq" ’Y(XZ) a' 3

= CMS (5 fb'"), D8, qd— Y(x7)

iy O o e g T /1 EFT operators for Wimp :
el e’ 1 D5 (V), D8 (A), D9 (T)

<10 __ ATLAS, D8, @3 10D, ; E
102k ---- ATLAS, D9, g3~ Y((X) .
10k ' ]
jo+f ATLAS \s=7 TeV,j Ldt=46f'f e e 3
10'45:\ Lol Lol Lol Tl Lol Lol ] |||\||||:

1 10 102 10° 1 10 102 10° 41

m, [GeV] m, [GeV]



v+MET : BSM

Interaction WIMP-SM description : contact interaction using EFT
Effective interactions coupling WIMP to SM particles

http://arxiv.org/abs/1502.01518

Name | Initial state Type Operator
C1 qq scalar %}- xTxaqq
C5 g9 scalar ﬁ;ﬁx&s((}'ﬁy)z
D1 qq scalar %quq
D5 qq vector 1—}*_7 XY Xqvuq
D8 qq axial-vector mlr p XYY XqG 7Y q
D9 qq tensor ﬂ};_) XM xqouuq
D11 g9 scalar T{LI?)()(G:E (G 2




roduction

q
A R NN
negligeabley g gluon, Qut logp
8 q

q §

q g
o
negligeabley ¢ gluon, but logp
V) _
q 8 8 q
J] g g q g q g q q
H negligeable negligeable
g g g q q g q B g



Template fit : made in signal region : -4<E{'s°<4 GeV
Correlations between E;'*° : negligeable

—>product of two for three species : vy, v}, Jj

binned distributions

Signal leakage corrections considered

signal vy : distribution transverse isolation/efficiency : sherpa

bkg Jy: extracted from data w/ one non-tight candidate, other tight isolated
JJ . data : two non tight candidates
correlation : O(8 %)

electron bkg : DY Z->ee, WW->evev, YW-2>vyev, yZ->vee

Nsig . N’?”F - [ff }’}’N"}fl’i - (fF w)gNee]_
Y

(1 o fc V;.r'f*}r' }5)2
H->vy ‘bkg’ : neglected : 1 % of signal in 120<m, <130 GeV
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op >

* Integrated cross-section (Gjpeq)

Measured : =44.0*32 ,, pb
Predicted :
-Pythia : LO yy , models HO through production vj, jj and ISR/FSR
-Sherpa : same features as Pythia + HO ME for real ME
36 pb (underestimates ¢ by 20 %)
-Diphox : NLO QCD direct and fragmentation yy ; box gg=>yy LO
-gamma2MC : HO box
39+ s pb
-2yNNLO : NNLO QCD direct part yy, no fragmentation
44%5 - pb

 Differential cross-section
m,, : resonance search
Pr,, : probe HO QCD pertub. effects, fragm.
A¢,,, - probe specific regions of phase space
cos 0°,.(y) : probe spin of diphotons resonance

 excellent agreement data/prediction 45



dN/dm,, [GeV|

dN/dA¢,_ [rad

- Ovy .
i ATLAS L 7
10°E Wrvi«iv _
= Data 2011 .“ B
N \s=7TeV, I Ldt=4.91fb" 4 Data ]

—
o
o

11 IIJIIll

—
o

11 IIlIlII

11 IIJI.I.I

v L s b

100 200 300 400 500 600 700 800
m,, [GeV]

0

FTTTTYpTYTTT T T T T T T T T T T
C YY
- ATLAS EY]+JY
1055— Data 2011 .
- \s:?TeV,ILdt=4.9fb"
10t ——" *

10°

10?

2.5 3
Aqaw [rad]

dN/dcose*

Y

Ovy
10° ATLAS .‘(i+i?
Data 2011 . i
10? \s= 7TeV,ILdt —491b" +Data

350 400 450 500
[GeV]

0O 50 100 150 200 250 300

pT.?Y

—T T T | T T T I T T T T T T I T T T T T T I T T T I LB T | T T T I T T ™
i v ]
108 _ ATLAS L —
3 Bri+iv E
—  Data 2011 - 3
- Bii 1
B
| \Is= 7TeV,J-Ldt =49fb +Data i
10°E E

10

10°

-1 -08 -06 -04 -02 0 02 04 06 08 1 46
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Vs=7 TeV : L=4.9 fb1

 Selection « Bkg estimation :
Er b 5>25GeV ; 22 GeV  -2D template likelihood fit : calorimeter isolation
|n| <1 37 ; 1.52<|n|,<2.37 2ABCD S|debands

>  ATLAS ]
212000 2 Data 2011,1s = 7 TeV,J Ldt=491" .
10000F- EY'> 25 GeV, E'* > 22 GeV 7 Slgnal . _4<ETISO<4 Gev
& - F K Y . .
R T N . 1 bkg : 4<E <8 GeV
soool- | &% el - T
N — YYHYIHYH] ]
4000f 4 Date
2000}

leading photon  EriiGeV)
* Results

Yield two-dimensional sidebands results two-dimensional fit results
N,, 113200 4600 (stat.) +;;ggg (syst.) 111700 4500 (stat.) +7o00 (Hym,.
N 31500 £400 (stat.) é?ﬁﬁ (syst.) 31500 _lel?[? (stat.) JE;%% (83
Nj., 13000 4300 (stat.) gm (H}“ﬂ ) 13900  fop (stat.)  oioo (HVHI.
N;; 8100 4100 (stat.) (syst.) 8300 100 (stat.) 700 (syst
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Vs=7 TeV : L=4.9 fb1

* Integrated cross-section (Gjpeq)

Measured : =44.0%32 ,, pb
Predicted : 44+ . pb S [T
_ - - s TE % ATLAS
2yNNLO : NNLO QCD direct part yy, no fragmentation g [ % :
(some lower order tested also) £ o0y Ty, o fusow E
B S “z’ 2 DIPHOX+GAMMA2MC (CT10) 3
© ﬁ *’g_‘_ 7/ 2YNNLO (MSTW2008)
10'2%‘ “*"" ! —
) ] ] 10-3 -
 Differential cross-section
m.,, : resonance search vE
P+, : probe HO QCD pertub. effects, fragm. S
A¢,, - probe specific regions of phase space z 2.§ g E
>y - - : s 2k iy E
cos 6°,,(v) : probe spin of diphotons resonance s :)E §&@ g4+ \M\M\W% -
3 | =
1 1 O E 3
excellent agreement data/prediction ‘ 2 .Y
g 2
5 ;E %meéfmﬁ s ///////sg//y////ﬁ;e
3 _

0 700 200 300 400 500 62&8 200 soo
m,, [GeV]



\s=7 TeV : L=4.9 fb1

 Selection
photons : E;>25 GeV, isolated (calo isol<5 GeV)

* bkg
shape : data-driven, for each bkg component
Normalisation : from low-mass CR

C T
3 10° _[Ldt=4.9 '
g Ns =7 TeV
m 10 =
10 é_ Control region
C 2011 data
1 E [] Total Background
10" é . "Reducible Background
= syst @ stat (total)
1 0'2 = syst @ stat (reducible)
oF (RS, =01,m;=15TeV
10 E [)ADD, GRW, M = 2.5 TeV =
[}
3]
c
1)
RS
5 2 | S TS SR S S S :
0 200 300 400 1000 2000 3000

m., [GeV]



e 950 CL limits

-AD

E 80 : T T I T T T I T T T I T T T I T T T I |:
% 705_ +  ADD predictions ATLAS 7
- 60:— — Observed limit W:I Ldt=49fb" £
E, - --- Expected limit ]
n - J
%5 50 E_ . Expected+ 1o Ns=7TeV _E
E 40 : Expected+ 2¢ —;
£ aof :
> 30 E_ _5

20 =

10 —

0 E_ n, =0.0115

1, =-0.0191 -

1 | 1
-0.04

P
0.04
M, [TeV]

1 1 1 1 1 1 | 1
-0.02 0 0.02

m¢>2.52-3.92 TeV=f(n)

\s=7 TeV : L=4.9 fb1

-RS

I~

> 0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

IIIIIIIIIlIII|III|III|III
— Observed ATLAS
----- Expected

[ Expected + 16

Expected + 26

Ns =7 TeV

Ldt=491f"

Ldt=49fb"

EEZJ.
pp:j Ldt=5.0fb"
w:_[

+IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III+

P P I
1.2 1.4 16 1

8 2

TR BN R
22 2.4
my, [TeV]

m¢>2.06 TeV for k/Mp,=0.1
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Vs=8 TeV : L=20.3 fb1

 Selection

photons : E;->50 GeV, isolated (calo isol<8 GeV)
* bkg

shape : data-driven, for each bkg component
Normalisation : from low-mass CR

Events/bin
=)

-8 Data

— Total background

- == Reducible background
syst @ stat (reducible)
syst @ stat (total)

--- RS, K//M, =01,m;,=15TeV

--- RS, K/Mp, =0.1,m,,=2.0TeV

=" Control region | "=,

IL dt=2031"
\s =8 TeV

Significance

300 400 500

7000 2000 3000
m,, [GeV]

o1



W/Z)y diagrams

(WIZ)y Wy 4 y

44

-
W ‘r—
14 s-channel

)

W(Z) !

FSR ¢” W+q : fragm. » >



: bkg estimation

« Background estimation
W(lv)y W+j: jet fragmentation (m0>vyy)
ABCD : photon id and isol
Z(Il) :  lepton misidentified as photon, lepton lost in acceptance
MET modelling (well modeled) : Zy CR : lly selection
Z(ee)] CR : evy selection but revert Z veto
V] -mostly jet faked as electron
(Iepton from HF, charged hadrons, e from photon conversions : misidentified as prompt e)
-MET : v from HV decays and jet mis-measurement
ABCD : lepton isol, MET (lower correlation, better discrimin. than lepton id/isol)
tt, Z(tt), Z(ll)y, di-bosons : small : MC

Z(Il)yy  Z+j,j=>v (99 %) : ABCD : photon id and isol

Z(vv)y W(ev) : e faked as photon : Pe, Take rate
Z(vv)j, multi-jets, jet faked as photon : ABCD method
Wy : lepton too soft or fails id
v+ : SR apart reverting A¢ : AG(MET ; j)<0.4 (<>dominated by yj)
scaling to SR from MC 53
Other bkg : tt, 1-t, WW, Z(t1), W(tv) : MC



 Data driven estimation of background

>106 L B L B B AL B BN BRI LR >104 L
W(IV)’Y D g5 ATLAS —e— Data 2011 Z(“)’Y ) ATLAS
© JLdt=46fb" {5=7 TeV [ W(v)+y (ALPGENx 1.5) O 10 JLdt 461", js=7 TeV
; o N E; 1@ v B W) ets ?) 2 Ny, 20, E'>15 GeV
€ 10° o 20, >40 Ge Bl v +iets = 10 Jet L
G>J 102 [l Other Backgrounds (]>,) 10
L L
10 1
1
10"
107
C10-2"|""|""|""|""|""I""I""I""I"" :10-2 T T T LI T T T T T
St2g = Siak E
CT et + - GlT I =
SI®O8E 3| 806k . ¢
X 100 200 300 400 500 600 700 800 9001000 X 100 200 300 400 500 600 700 800 900 1000
m [GeV] m" [GeV]
ATLAS  —e—Damz20t1

Z(vv)y

1

Events / GeV

—
e

Ratio : comparison of shape btw data and prediction
(normalization to data-driven extraction)

-+ O

Data
ExpeoctationA

102

0

1 [ Z(v¥)+y (SHERPA x 1.0)
J Ldt=46fb s l‘lS=7 TeV - ’Y_H'ets
N 20, ! >100 GeV I Z(v¥)+jets, multi-jet
W(ev)
Zotry it
Wy Zory

1 IIIII.lI.I.| IIIIILI.I.| 1111

L 1 L
200 300 400 500 600
E! [GeV]



 Data driven estimation of background

> LA L L L L BN A B R BN BRI B Z I I = ™
W(IV)Y @ 105 @— Data 2012 y [} —— Data 2012

O] ATLAS CWeev)sy O} ATLAS [z

o 10¢ 4 B z(e"e)+jets o -1

f Ldt=20.3fb ,1s=8TeV I Wiev)+jets S Ldt=203fb ,1s=8TeV - Z(e'")+jets

%) 103 I v-+ets ) - Other Backgrounds

= +

- Il Other Backgrounds t= ~

O 107 [ mla,) = 600 Ge¥ x 10 @ [] mtw,) = 500 GeV x 10
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327 TeV Vs=7 TeV ; L=4.6 fbl

« W(lv)y o Z(ll)y

=11, p>25 GeV =2 OS same flavor | m,>40 GeV (65-115 GeV 8 TeV)
MET>35 GeV =1 isolated photon E;>15 GeV (40 GeV 8 TeV)
m+(l ; MET)>40 GeV .« Z(wW)y

>1 isolated photon E;>15 GeV
Z veto for e channel : |m,,-m[>15 GeV
(suppr. Z->ee w/ one fake e>v)

MET>90 GeV

=1 isol photon E;>100 GeV

AG(MET ; v)>2.6, AQ(MET ; j)>0.4 (suppr. vj)
veto e, U (suppr. Wj, Wy)

AR(l'; v)>0.7 (suppr. FSR y in W, Z decays)

 Data driven estimation of bkg s e
Measurement MCIFM Prediction
® 1 1 - 1 Nier = 0
FIdUCIaI CrOSS SeCtlon evy 2.74 £ 0.05 (stat) 4+ 0.32 (sys]t) + 0.14 (lumi) 1.96 £ 0.17
iy 2.80 + 0.05 (stat) 4 0.37 (syst) & 0.14 (lumi) 1.96 + 0.17
oy 2.77 £ 0.03 (stat) £ 0.33 (syst) £ 0.14 (lumi) 1.96 £ 0.17
ete ™y 1.30 £ 0.03 (stat) & 0.13 (syst) £ 0.05 (lumi) 1.18 £ 0.05
- + - ‘ - -
_ . ey 132 £ 0.03 (stat) £ 011 (syst) £ 0.05 (lumi) 1.18 £ 0.05
Measured CrOSS SeCtlon . 07y 1.31 £ 0.02 (stat) 4+ 0.11 (syst) £ 0.05 (lumi) 1.18 £ 0.05
N - - - vy 0.133 £ 0.013 (stat) £ 0.020 (syst) £ 0.005 (lumi) 0.156 £+ 0.012
~2 o higher than NLO prediction Ny~ 0
9 Id . evy 1.77 £ 0.04 (stat) £ 0.24 (syst) £ 0.08 (lumi) 1.39 £ 0.13
oy 1.74 £ 0.04 (stat) £ 0.22 (syst) £ 0.08 (lumi) 1.39 £ 0.13
N N LO Wou Improve ag reement vy 1.76 £ 0.03 (stat) £ 0.21 (syst) £ 0.08 (lumi) 1.39 £ 0.13
ete ™y 1.07 £ 0.03 (stat) & 0.12 (syst) £ 0.04 (lumi) 1.06 £ 0.05
ptp=y  1.04 £ 0.03 (stat) £ 0.10 (syst) & 0.04 (lumi) 1.06 + 0.05
ey 1.05 & 0.02 (stat) 4 0.10 (syst) £ 0.04 (lumi) 1.06 £ 0.05
vy 0.116 £ 0.010 (stat) £ 0.013 (syst) £ 0.004 (lumi) 0.115 £ 0.009




=7 TeV  Vs7Tev;L=461b

Inclusive : Njet>0  Differential cross-sections

f=(E¢) f(NjetS) [normallzed] f(m;W) [normallzed]

g oty ' ‘ ] iz ' E ‘
Ay 3, I ES ]
3 10F ] = z 0.7 | patazory E 3 0.5E E ATLAS det 46fb \s= 7TeV -Damﬂﬂ E
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Few disagreement for W(lv)y at hlgh E
NNLO computation solves the dlsagreement (arXiv:1504.01330)
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Inclusive : Njet>0

W(lv)y

Z(1)y

fb GeV-]

L

E
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Data
Theory

"ty Gev

do(pp— I'l
dE}

Data
Theory

Data
Theory

E e T ——
- o yly-
105 ATLAS ﬁ-‘-*-.-
S J.Ldt:4.afb" T
r ___._1___.__
1 V\s=7TeV
E [ Data 2011 (Inclusive) [ Data 2011 (Exclusive)
4 |” =—©— SHERPA x 1.0 (Inclusive) ——@— SHERPA x 1.0 (Exclusive)
10 E —#&— ALPGEN x 1.5 (Inclusive) —&— ALPGEN x 1.5 (Exclusive)
E —+H=— MCFM (Inclusive) —&— MCFM (Exclusive)
1 0-2 1 1 1 1 I
2 T T T T T 7
Eo P v gt P b L
1 :—Q* l QAo T T (20 Nubhhh R [0 N
0 E 1 1 1 1 1 3
2 E T T T T T .
) PO N SPUL N 10 N SR R . ;_1__1'_5
0 E 1 1 1 1 1 7
15 20 30 40 60 100 1000
E! [GeV]
T T T T
10°
10 atLas LAt s
1 J-Ldt=4.6fb socos@rti=cs
o N
\s=7TeV pp — Iy
10-1 - Data 2011 (Inclusive) I:l Data 2011 (Exclusive)
10_2 —oO— SHERPA x 1.0 (Inclusive) —@— SHERPA x 1.0 (Exclusive)
—+H=— MCFM (Inclusive) —&— MCFM (Exclusive) i
1 0-3 1 1 I 1 I
2 - T T T T 1 T m
1 f— PR | P | I oM. O—--[]-J ------- ¢ (l)-{I;—E
0 E Il 1 L Il L B
2 F T T T T T ]
TS TF . L s LIE SPPREE [ ST SCPPRES b L +—
0 E 1 1 1 1 1 ]
15 20 30 40 60 100 1000
E}l [GeV]

1/, % Aoy, /AN,

Data
Theory

1/6,x o, /AN,

Data
Theory

f(N N I[normalized]

_ jet | ;
0'7;_ - Data 2011 —;
0.6* —o— SHERPA 3
0.5 ATLAS —A— ALPGEN _%
0.4E ILdt_46fb,1 pp— 1vy, E'>15 GeV 3
03F =T b 3
0.2 E
0.12— —— _i

= | ! o St~

35 T T T
2.5F

2F
1.58 ® + )

1o & e O S
0.55 L | ]

0 1 2 3
Jet multiplicity

0.9 . :
I 3 oatazor
0 75_ —6— SHERPA
0.6%— —8— MCFM
0.55— pp— Iy, E] > 15 GeV
0'4§_ ATLAS
0.3¢ _[Ldt=4.6 fo
0.2
0.12_ \s=7TeV T @

E !

e | : + :
1— ------- L ECRRCEEEEERS N . - _
0: ] | ]

Jet multiplicity



W/Z s=7 TeV

Inclusive : Njet=0 ~ do/dXresults f(m:") [normalized]
a3 0. 5—ATLAS J-Ldt 4617 Is=7TeV [owazot ]
O Y -6~ SHERPA .

g :pp—)lvy E>40GeVN >0 e ALPGEN .
¢ 04 —
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0.2;— —;
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W/Z

Wy : NNLO agreement
http://xxx.tau.ac.il/pdf/1504.01330.pdf

\/5 [TEV] TLO [Dh] ONLO [Dh] TNNLO [Ph] TATLAS [Ph]
. 10.03 (stat)
Nigy =2 0 Eﬁﬂﬁﬁfg'gﬁ 2.4531’3':2 2.77 +0.33 (syst)
7 0 BTEG%'E% e . +0.14 (lumi)
- —8.1
Nopy =0 1.305+92%  1.493H17% 176 o1 ()
! —5.8% —2.T% 10.08 (lumi)
< Niet 20 ) geg3+7.7% 2.4017749%  2.88471 1%
. o : —9.1% 5.5% 1.8%
Ny, = 1.58?3_;% l.ﬁﬁlfﬂ_ﬁ
107 _ B ] 107 F o —+ fuypy __ :II"_'I?D E
: 1 & VE=TTeV |I I ATLAS
g 10! ] g 10! h Ny, =0 .
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5 5
1t = e - S w0t
El.; : { — }' : — 513_
2ol ] 2,
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W/Z

s=7 TeV

Search for narrow resonances (example : Technicolor) : spin-1 mesons

‘techni-mesons’

: decaying to Wy, Zy

2 Vl\/(lv)yl  __ Observed 95% CL upper mit ]
_,2?.'.: - NN e Expected 95% CL upper limit
E - N [ ] Expected+ 1o -
1 i [ | Expected+ 20 i
5.5,'_ < — — a—W(v)y
o5 S
L 10E 3
e [ .
ATLAS ~
J.Ldt=4.6fb'1 n
L Y
1 300 400 500 600 700 800
aT QW’Y m, [GeV]
Limit: observed : 703 GeV

expected : 619 GeV

Lppey LT I I | | | | I I T | | | | I T I | | | I I T I | ]
2 L Z(I I)y Observed 95% CL upper limit 7
._E e Expected 95% CL upper limit :
E.— \\ [ ] Expected= 1o
210 \\ [ ] Expected+ 20 —
o ; N ey g
& RN :
X — -
b"-o:
16 =
- ATLAS ]
a I Ldt=4.6f" _
pp — Iy \s=7TeV
10-1 | 1 | | | | | | | | 1 | | | | | 1 I | | | | I 1 | | 1
200 300 400 200 600 (GeV]
m e
G)T
w22y
Limit: observed : 494 GeV ;
expected : 483 GeV o1



W/Z)y Ns=7 TeV

TGC
PRD 47, 4889 (1993)
A
Lww~ = —ie [W;pwuv - WIAWH + kWIW, F* + m—WLW;‘F“}
PRD 48, 5140 (1993)
P—gi [ n% b upBY s p 7 i ¥ pagupo
Faz'?f“z(QthP): 7 hl(qggaﬁ_q{zxgﬂﬁ)"‘ > P°[(P-q,)g"" —qbPP|+h7et* p‘?zp*l"'TP Saa Pp‘1'2a
myz mz mz
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TeV Vs=8 TeV ; L=20.3 fb-!

Search for narrow resonances (example : Technicolor) : spin-1 mesons
‘techni-mesons’ : decaying to Wy, Zy

W(lv)y Z(lyy

9 g [
= 10k ATLAS = 1oL ATLAS
% I Ldt=2031b", \s=8 TeV % - J Ldt=20.3fb", \s=8 TeV
T PP — vy T pp — Iy
X 1k X 1B
C = o -
m = m N
X, B X 2
o - 610" =
10’ = —— Observed 95% CL upper limit - — Observed 95% CL upper limit
=== Expected 95% CL upper limit e Expected 95% CL upper limit
- [ ] Expected 10 ~ [_] Expected £ 1o
- [ Expected 2o 1 0—2 | [ Expected 20
& S W()y 2 o - Z(M) y
2L vy by by by o oo b b b e b b b Ly
10 400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600
m,_ [GeV] m, [GeV]
ar—>Wy w22y
exclude [275 ; 960] GeV exclude [200 ; 700] U [750 ; 890] GeV

63
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W(lv

Restricted to f1q, fy,, fis

*{:qua:rtic - FSD ES,D + FSI [:S,l

Lso = [(D,®)' D, x |(D'®)' D'® _
- - modify WWWW, WWZZ, WWZZ
Ls1 = [(D,®) D"®| < |(D,®)" D"®

Lo = Tr|[W,W™| x [(Ds)" DD

Lyg = Tr W, W] x [(Ds®)" D"®||  Dimension 8 effective operators

Las = [BuB™| x [(Ds®) DO0] | Ragpager ggay o WAZ WINAA
Lyaz = :BWB"'B] X [(Dlg(i))iD“(I}} |

Lya = |(D®)' Wp,D'®| x B¥ f(momentum vector bosons)
Lys = |(D®)' W D'®| x B

Ly = |(D,®) Wy WD o]

Carr = [(Du®)! W5, WD) 5




W(lv

Dimension 8 effective operators
—>anomalous WWWW, WWZZ, WWAZ, WWAA,
AAAA,AAAZ,AAZZ,AZZZ, 27727

Lro = Tr|W,WH| x Tr [WzW*|
Lri = Tr|Wo, W] x Tr [W,sW*|
Lps = Tr uwm “ﬂ x Tr twigylff”ﬂ_
Lrs = Tr|W,W 3 B*°
Lre = Tr _1-1fw1fw~=ﬂ x B,3B™
Lrz = Tr|W,W"| x Bs,B"

_ 1 a3 _ ] )
Lrs = B.HVB B.sB Dimension 8 effective operators
,_CT:Q — Ba_“ BHB B. 5, B —>anomalous AAAA, AAAZ,AAZZ,AZZ77, 2777
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W(lv

We concentrate on anomalous quartic interaction among the electroweak gauge bosons that do not have a triple vertex associated to it. We describe these interactions using
dimension eight effective operators assuming that the recently observed Higgs boson belongs to a SU(2). doublet; see the file quartic.pdf for further details. This model is an
extension of the Standard Model (SM) implemented at http://feynrules.irmp.ucl.ac.be/wiki/StandardModel; for further details see this link.

The model labeled SM_LS0_LS1 contains the standard model interactions supplemented by the dimension eight operators Ls,; and Ls,; defined in the file quartic.pdf. These
dimension eight effective operators modify the vertices WWWW, WWZZ, and WWZZ that can be a simple re-scaling of the SM quartic interaction for a suitable choice of
couplings.

The model labeled SM_LT012 contains the standard model interactions supplemented by the dimension eight operators Lo , Lr,1 and Ltz defined in the file quartic.pdf. These
dimension eight effective operators give rise to anomalous WWWW, WWZZ, WWAZ, WWAA, AAAA, AAAZ, AAZ7Z, AZ77, and ZZZZ vertices.

The model labeled SM_LM0123 contains the standard model interactions supplemented by the dimension eight operators Lw,g , Lm,1 , Lw,2 and Ly,z defined in the file quartic.pdf
These dimension eight effective operators give rise to anomalous WWWW, WWZZ, WWAZ, WWAA, AAZZ, AZZ7, and ZZZ7 vertices.

The model labeled SM_LT8_LT9 contains the standard model interactions supplemented by the dimension eight operators Ly 3 and Lt s defined in the file quartic.pdf. These
dimension eight effective operators give rise to anomalous AAAA, AAAZ, AAZZ, AZ77, and ZZ77 vertices.

WWWW | WWZ7Z | ZZ7Z7 | WWAZ | WWAA | ZZ7ZA | ZZAA | ZAAA | AAAA

Lso, Ls1
Laro, LarisLrve L7
Lar2 Loz, Lara Lars
Lro Lri Lo
Lty L1g Lr7

Lro L1g9

o| o 4| O 4| -
O v | 14| 1|
| | | 4] 1|
O 4| 4| 4| 4| ©
Of »4| 4| 4| 4| ©
| bl | 4] 4| ©
| bl | 4] 1| ©
4 4 4 O O ©
| 4| 4 O 0| ©
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« Background estimation

Wyj+Wijj : jet faked as photon (®->vy)
2D template fit isolation two photons
bkg template : revert some of shower shape photon id requirements
signal template : MC

vy) . ] faked as e ; HF2> | :
ABCD : lepton isol, MET
lower correlation, better discrimin. than lepton id/isol

% F I ] % . I I ]
B ® Data . 70+ ® Data —
G 351 1 @ 70 ]
O 35 ATLAS Wy | O PL amas ] Wy :
2 30k ] T 0 et W 2 E
& 30 [ Wyj + Wi -] P - 0 Wyj + Wjj .
c F C vy +jets ] T T C vy +jets
Q o5 B Other backgrounds ] Q 50 [ Other backgrounds ]
LU B N ] LU B ]
SN 1 . NN 1 .
20K Is=8TeV, 20.3 fb’ 3 40— Is=8TeV, 20.3 fb’ —
- electron channel (N >0) - C N muon channel (N__ > 0)
jets ] r jets
30
2OX

500 67




 Selection .

=1 isolated lepton p>20 GeV
e : calo (trk) isolation : <0.2 (0.15) X p+
W : track isolation < 0.15 p+
veto 2 lepton (suppr. DY)

=2 isolated photons, p:>20 GeV
calo isolation<4 GeV q

MET>40 GeV

AR(l,y)>0.7 (suppr. FSR)

e-channel :
pr(eyy)>30 GeV (suppr. Zy)

veto mg -, m, 5, m, close to m; (suppr. DY)

ey ! eyy

« Background estimation : data driven

\s=8 TeV : L=20.3 fb1
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 Fiducial region

e results

\s=8 TeV : L=20.3 fb1

Definition of the fiducial region

P > 20GeV , p4h > 25GeV, ne] < 2.5
mt > 40 GeV

E7 >20GeV, [n7] < 2.37, iso. fraction €} < 0.5

AR(4,~v) > 0.7, AR(v,~) > 0.4, AR({/~,jet) > 0.3

Exclusive: no anti-k; jets with pJTEt > 30GeV, || < 4.4

O.ﬁd [fb]

O.M(Jb‘i\-l [fb]

Inclusive (Njet > 0)

NLO OCD, CT10 pdf
Qo 16 P

% 7.1 113 (stat.) £1.5 (syst.) £0.2 (lumi.)
evyry 4.3 18 (stat.) T13 (syst.) £0.2 (lumi.) | 2.90 £0.
Cvryy 6.1 T1g (stat.) £1.2 (syst.) 0.2 (lumi.)

Exclusive (Nt = 0)
% 3.5+ 0.9 (stat.) T ) (syst.) £0.1 (lumi.)
evyy 1.9 T4 (stat.) T11 (syst.) £0.1 (lumi.) | 1.88 4 0.20
vy 2.9 102 (stat.) T5g (syst.) £0.1 (lumi.)

Evidence of Wyy ; pp>3 o

Measured cross-section : 2 ¢ higher than NLO prediction
(similar to Wy : NNLO would help)
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\s=8 TeV : L=20.3 fb1

« o=f(aQGC parameters)
* aQGC<excess events w/ high m,, (>300 GeV)
—no events observed in high high m_ region

Observed [TeV~ "] Expected [TeV "]

fro/A* | [-0.9,0.9] x 102  [-1.2, 1.2] x 102

n=0 | fum2/A* | [-0.8,0.8] x 10*  [-1.1, 1.1] x 10*

fms/A* | [=1.5, 1.4] x 104 [-1.9, 1.8] x 104

T fro/A* | [-7.6,7.3] x 102 [-9.6, 9.5] x 102
95 % limits n=11| fuz/A* | [-4.4, 4.6] x 10*  [-5.7,5.9] x 10*
fms/A* | [=8.9,8.0] x 10  [=11.0, 10.0] x 104

fro/A* | [-2.7,2.6] x 10° [—3.5, 3.4] x 10°

n=21| fum2/A* | [-1.3,1.3] x 10°  [-1.6, 1.7] x 10°

fas/AY | [=2.9, 2.5] x 10° [-3.7, 3.3] x 10°

n : exponential choices of form factor
A=600 GeV for f,/A% 500 GeV for other parameters
No deviation from SM
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Jet quenching, ATLAS, Phys. Rev. Lett. 105, 252303 (2010)

ATLAS

Run: 169045
Event: 1914004
Date: 2010-11-12
Time: 04:11:44 CET
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Determination centrality of events : uses ZE+ in FCal (3.1<|n|<4.9)

> 102 T T o " ATLAS Preliminary =

2 Pb+Pb | 5,,,=2.76 TeV

= i Lic=5ub™ L, =0.14 nb" Minimum bias .

------ e rigger

UJ|_ 1 :b\ —e— 40 GeV tight photons ]

¢ | __
S 2

= 100 —]

-o --------------------------------

B e E

% 104 [H40-80%| 20-40% | 10-20% 0-10%

L]
L]
==

10°

108

O H=—="F%
—_
N
W

FCal SE, [TeV]

4 intervals in centrality : 40-80 % ; 20-40 % ; 10-20 % ; 0-10 %
2 intervals in pseudo-rapidité : central : |n|<1.37 ; forward : 1.52<|n|<2.37
11 intervals in p; (22.1-280 GeV)
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Forward/Central

o ATLAIS Prelirninlary
Pb+Pbys,,=2.76 TeV
L, = 0.14 nb’

0-10%, In|<1.37

0-10%, 1.52<|<2.37

a j JI:ZTF’IH(E)XI F;D.Fl+scale errj o
compared w/ Jetphox < b SR N T |
Tested several PDFs : L B LY TIPS
pp ; isospin, nPDF EPSO9 ¢ * ~ *™Utv bt

(nuclear modifications) = 20-40%, nj<1.57 10-20% nl<1 87
E 2: t - t —t—t ':: t
< [
At present : data unableto 24
.. ] Eo
distinguish between three 3 §
scenarios g oo
: 20-40%, 1.52<n|<2.37 10-20%, 1.52<[n|<2.37
° I:|02 I III”:IOQ | I lII”:IOZ I
photon P; [GeV] photon P; [GeV] photon P; [GeV]
— T = — —T— — T
! _ano.. — JETPHOX ] 409, ATLAS Preliminar _20° orwara: -10°
'_._.40 80% _ ETPHOX FF::};+Pb_‘ 20-40% PaPl o276 'iev__ 10-20% 1 52<n|<2.37 I 0-10% _
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Photons yields
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Correlations jet with high-pT isolated prompt photons ATLAS-CONF-2012-121/
Same threshold for 1solation
L=0.13 nb! Pb-Pb

Observable :  fractional energy carried by jet (x; )=f(centrality) : x; =p/*/p;”

dA(I)Jy:M)jet_(I)yl

R;,=integral of (1/N,)dN, /dx; over measured region,
W/ XJy>pT,minjet/ pT,miny

60<p;7<90 GeV, n|,<1.3 —>to limit range for recoll jet energies
pet>25 GeV, |n|;<2.1
A¢,,>Tn/8->restrict to back-to-back topologies

Background determination : ABCD method
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Normalized distribution of x,, per photon : (1/N,)dN, /dx;,
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Correlations jet-photon : starting point for more detailed studies of energy
loss of jets in hot/dense medium
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First ATLAS results on gam+jet with Pb Pb : ATLAS-CONF-2012-051
=133 pb

First results on gam+jet with Pb Pb

P+ : 45-200 GeV, |n|<1.3

ABCD : thresholds : 6 and 8 GeV

> 1 o
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Yields prompt photons Centrality dependence
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| dN N U(pr, 1. C)

¥
3 ( T /s C:) = ¥ L
Newi(C) ff,”'?' P NE‘w't{(-—-':IElUL(FTﬂ I, C)ﬂFT

U : bins migration due to finite photon energy resolution
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\s=2.76 TeV Pb+Pb, 2011, L=0.14 nb!

« Characterize modification of hard process rate in nuclear environment

N, : #nb objects X
— (Nx/New) N. . : #nb MB events

evt -

N A(Tg(p Taa - mean nuclear thickness func (#binary collisions / g'nelastic, )
oPP, : cross-section process X in pp collisions

Raa

Allows comparison of yields normalized by flux incoming partons
to those measured in pp collisions

« Study dependence w/ centrality

Centrality :
2 Type of collision :
ﬂ = b—2 -small centrality / b : central
G(bmax) 4R large participation zone : hot/dense ; fireball

: large number of participating/wounded nucleis
Connected to Impact parameter -large centrality / b : peripheral

nucleis large spectators : cold, flying away undisturbed
> N\
bt N/ L )
N—"”
b,...=2R

max__
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