Results on
Isolated photon, photon+jet and diphoton production
In ATLAS (p-p, Pb-Pb collisions)

Photon 2015, BINP, Novosibirsk

Marc Escalier, LAL S En N\t j}j
Wladivostol, 1

Isolated photons : a rich probe with various goals



Photons In pp environment
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-sensitive to gluon content  Compton production
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-final state in search for resonance
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-generic gauss shape signal

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

-LED (ADD), G+y

___-dark matter (WIMP y), 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
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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, |]
Struggling against fake photons, fakes leptons :
-shower-shape identification
-calorimeter isolation -track isolation

WY

-photons
-electrons

it




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
T ﬁm‘;ecs YY vl 1) photon isol ; quality
| Jreakagee, g cr | Wlv)y W(Iv)j | photon isol ; quality
-;',’ Signal+ Background Background W(IV)'Y YJ Iepton ISOI ’ MET
g A Ieak':g‘;e c, B
obs, as signal obs, as bkg obs,
O Bkg in SR : deduced from CR’s O phase space properties C, D may slightly
ABCD method : kagA: NB x NC differ from A, B
(purity : NsigA / N, ) ND —>Introduce : correction factor
consider signal leakage (c;=0(5 % A D
O J g(|§ I—C |£| _ A))) R= kag Xkag
Nokg™= (Ng-C1Niig?) C 2 sig 5

B B C
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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 N, (SR) :

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

. . mGE;
applies p,s, 0n N In SR Z region SR mey'
| _ m
- ABCD method could be applied twice, for example to extract yy "

1Isol. non isol.
loose

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) 5> (syst) & 4 (lumi) pb
o, =203 £ 25 (th) pb (NLO : jetphox, CT10)

NLO (Jetphox) CT10

= Total uncertainty
—— Scale ertainty

O (Jetphox) MSTW2008nlo

“_doldE;
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end-cap  o(y+X) =123 %1 (stat) 9 (syst) £ 2 (lumi) pb, 10°
G,,=105 + 15 (th) pb (NLO : jetphox, CT10)
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resonances W/ ’L+J Vs=8 TeV ; L=20.3 fbL

* 9509 CL limits

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

6 xBR xAx¢ [fb]
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ATLAS = I ATLAS = | \ ATLAS )
\5=8TeV w - |S=8TBV p w - \ '|;'F=8TeV p m
~ [Lat=2031" X | Ldr=203fb % \ [Ldt=2031b
102397 94 x 10F — — QBH prediction 94 x 19F \ — — PYTHIA g* prediction

95% CL upper limits: | % r 95% CL upper limits: % C “‘ \ 95% CL upper limits: B
Og / mg = 1 x i —e— Observed Limit 1 x i | \ —*— Observed Limit i
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excluded 4 TeV excluded up to 4.6 TeV  excluded up to 3.5 TeV
resonance w/ c=0.1 fb
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v+MET : BSM

Vs=8 TeV : L=20.3 fb1

-Dar

x-N cross section [cm?]
o (@] O
8 % 3

—

Q
A
o

—

Q
IS
iN

95 % CL limits

-LED : G+y

Geq (y¥MET)=5.3 fb

-squarks + y (compressed model)
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EFT operators for WIMP :
D5 (V), D8 (A), D9 (T)



Vs=7 TeV : L=4.9 fb1

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

S b T

* Integrated cross-section (Gjpeq) £ " f ", %\\%()(,

Measured : =44.0"32,, pb 02 RN -
Predicted : 446 ; pb e
2yNNLO : NNLO QCD direct part yy, no fragmentation
(some lower order tested also) 100

 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

by ]
.Qg \%ﬁ\%t@\\ \\\M\A SNSSHRSER \&\\&%

|dmePHOX
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data/2yNNLO
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excellent agreement data/prediction . [GeV]




Vs=8 TeV : L=20.3 fb1

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

« Selection (Mp=Mpy/\(87))
photons : E;>50 GeV, isolated (calo isol<8 GeV)

T _1 e 95 % CL limits

g 10 Ldt=20.31b

w o q0? \s =8 TeV |§ 0.1? "ATLAS | =

0.08 __— Observed limit

- Data
— Total background
- == Reducible background

syst @ stat (reducible)

syst @ stat (total)
--- RS, kM, =0.1,m,,=15TeV
--- RS, kM, =0.1,m_, =2.0TeV

| ---Expected limit

~ [ Expected + 1o

-  Expectedt 20 EXCLUDED

0.041~ j Ldt=20.3fb"
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| 1s=8TeV
0.02- 55

Significance
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25
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B
lightest graviton mz>2.66 TeV for k/My=0.1



Yy *

MET

\s=7 TeV : L=4.8 fb1

Selection
>2 photons, p>50 GeV

[ ) 9 5 % I I m I ts GGM: bino-like neutralino, tanp =2, ct < 0.1mm GGM: bino-like neutralino, tanB =2, ¢t < 0.1mm
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327 TeV Vs=7 TeV ; L=4.6 fbl

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

[pb]
Measurement MCFM Prediction

* Fiducial cross-section ‘ N0
ea/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
eTe Ty 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 131 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
€g . W(IV)'Y f=(E{) pvy 174 £ 0.04 (stat) £ 0.22 (syst) £ 0.08 (lumi) 1.30 £ 0.13
= | . . | — T lvy 1.76 £ 0.03 (stat) = 0.21 (syst) £ 0.08 (lumi) 1.39 £ 0.13
s 10" W Inclusive : Njet> eTeTy  1.07 £ 0.03 (stat) £ 0.12 (syst) £ 0.04 (lumi) 1.06 £ 0.05
O i . wr— pTpTy 1.04 £ 0.03 (stat) £ 0.10 (syst) & 0.04 (lumi) 1.06 + 0.05
£ ATLAS vty
= 10g ; Y 0y 1.05 &£ 0.02 (stat) & 0.10 (syst) = 0.04 (lumi) 1.06 £ 0.05
2 - I“’“““’ .-_.".;.:.n N vy 0.116 & 0.010 (stat) & 0.013 (syst) & 0.004 (lumi) 0.115 % 0.009
g_“i_g 1 s=7Tev .
o = [ Data 2011 (Inclusive) [ Data2011 (Exclusive) - - -
£ 4[| —©— SHERPA x 1.0 (Inclusive) —&— SHERPA x 1.0 (Exclusive) ° Dl'ﬁ:erentlal CrOSS-SeCtlonS
10 = —A— ALPGEN x 1.5 (Inclusive) —&— ALPGEN x 1.5 (Exclusive) ° m
E —=— MCFM (Inclusive) —&— MCFM (Exclusive) “““"""
10-2 1 L I ! I . )
d2 °F 7+ 33 Fewdisagreement for W(lv)y at high E+”
| KR P cn.L-.__.__fi_._.-_e--. U W ]
(| - L N 3
N Inclusive' i NNLO solves disagreement
ol 2 | ]
=8 3 " L E
o @ 164 B .L *- B Wl
LN c’IusMe A .
D15 20 60 100 1000

E! [GeV]



= TeV Vs=7 TeV ; L=4.6 fb!

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

Measured Expected

> 1
@'j : processes pp — vy
21 A o0 fe’e)
& Ak (—0.41, 0.46) WWY(—O..E;& 0.43)
o (—0.065, 0.061) (—0.060, 0.056)
o Charged A 6 TeV 6 TeV
51aF ‘ 3 - Akiy (—0.41,0.47) (—0.38,0.43)
gE e coupling L v (0,068, 0,063 C0.063.0.050)
L% 20 30 40 700 200 300 B [G.;\EUD (A]{y:]{_y— 1) processes pp — vy and pp — g+€—,},
] ! A o0 00
g ~ Dan20n 1 z, \ ' T h3 (—0.015,0.016) ZZ%O.UIT,U.DIS)
2, EZ“‘” R B h% (—0.013, 0.014) (=0.015,0.016)
1 Z(I') = ﬂCJ . / J—
g E _ Neutral hj (~0.000094,0.000092) (~0.00010,0.00010)
1 § 14 — U s - — U s .
: ) / (—0.000087, 0.000087) (—0.000097, 0.000097)
o . Coup“ng - A 3 TeV 3 TeV
e 20 hl (—0.023,0.024) (—0.027,0.028)
EEoo 7 gs o h¥ (—0.018, 0.020) (—0.022,0.024)
qu’-‘ 20 30 40 00 200 300 o o D;:TO}BO; 200 300 400 800 600 h} (—0.00037,0.00036)  (—0.00043, 0.00042)
(et ErlGeV] L A (=0.00031,0.00031)  (—0.00037,0.00036)
* No evidence for BSM physics :
pny 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-L

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
- ® Data -
© 6o . Zy & ATLAS
n C £ Wyj + Wjj ] — LEP CMS vv — WW
g r 0 vy + jets . — Doy S WW T ey
o 50 @ Other backgrounds —| — CMS Wvy A : scale NP
w _ :
400 's 8 TeV. 20.3 fb" E AQGC Limits 95% CL f'- coupling operator
F muon channel (Njets >0) . f$0 i
30_ . [TeV ] —
R a 5
C [Tev? —
10 7 A -----------------
200 3 | _ aW |
200 300 400 500 0 [Tev :
> L 1 ! ! E | | L d
W’Y’Y eVIdence 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 Vs=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

Isolation : 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 %

g IiJIE_TF"H('DXIF;DIFLscaIeerrT o .AfL;ﬁ:ﬁ'Prelimin;ry
g — JETPHOX Pb+Pb/pp
- > % JETPHOX EPS09/pp & err.
* vyields y+X - S g R i e B B
=
TR s S L e il - DEATE T
w ST A N R T W T e
(@] I < EsssEss 0§
compared w/ Jetphox EON R [ S I S S—
. «
. -80%, n|<1. -40%, n|<1. 10-20%, <. 0-10%, fn|<1.37
W/ various Pdfs : 4:10:8[3°/=o:|1:1|]< 37 .2ol4(.3°%,‘\1|1\l< 37 .0.2?%,@1{ 37 | o <>m|]<

pp ; Pb Pb, nPDF EPS09 f(centrality) (done also for end-cap)
(‘isospin’)  (nuclear modifications to proton)
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\s=2.76 TeV, L=0.14 nb1

* ratio Fwd/Central : reduces systematics effects
s T 1 - T T I T T T 7 .
.."E' L 40-80% — JETPHOX pp 1 20-40% ATLAS Preliminary 1 10-20% Forward: ] 0-10%
Q gl — JETPHOX Pb+Pb T Pb+Pbys,,=2.76 TeV 1 1.52<in|<2.37 " 1
o Yo ~— JETPHOX EPS09 | ) . Central: T
:é X 4 L, =0.14nb ] _}- <137 1 ]
T el * 1 I3 ] n 1 ]
g 0'6%——11——1 g i : 3y _i_ :i!—‘?—\ L :
" 04f T?t.' I = - 7 :.-*—“ o ‘1: _"_“_f_%—'* i
[ o 1 T i * '$' *'- ]
0.0k _§_ 1 1 1 ]
0: .* . . I T T
10° 10° 10° 10
photon P, [GeV] photon P, [GeV] photon P, [GeV] photon P, [GeV]

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
G_oo_d agreement w/ prediction measured & °
Limits on anomalous TGC :
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
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