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Photon-Induced WW

Photon-induced— decay products are
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produced back-to-back

W mass — heavier final state

energy regions
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Semileptonic channel — access higher

nase space to measure deviations

m the Standard Model —» SM
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Photon-Induced WW

Challenge
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Large jet/QCD background @LHC
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Experimental Search
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Scattering Protons
Protons tagged using forward

Colliding Photons
Standard ATLAS search
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AFP: ATLAS Forward Proton Spectrometer

AFP LHC ATLAS detector
Magnet

Scattered proton

Scattered proton

— \

Proton beam A

———
Proton beam

AFP detectors located ~ 200m either side of
the interaction point



How to detect forward protons

/ B field from
| LHC dipoles

Deflection of proton in x Infer energy of proton

AC
AFP — 1 — Ereconstructed / Ebeam



Proton Kinematics
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Colliding Photons
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Central Process Kinematics
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Search strategy

Comparison of A

Forward
AC 1
AFP

Proton
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AFP and ATLAS correlations

Signal Background
A
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AFP AFP

Sww & SaFp Sww & SAFp
Kinematically correlated Kinematically uncorrelated

Combinatorial Background
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Event yields in simulation

Plot: "CutSR_A/diff_xki_WW_minimised_xki_ASide"
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Background Modelling

Null hypothesis: Background only

Sackground
Accurate estimate for combinatorial background
in Signal Region required
At unblinding: Essential when setting limits

See if data follows background only model on New Physics models!
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Signal & Control Region Definitions

? A Regions defined by m;; and
T | §+/ o — ENS] Cuts
S CR1 CR2
Iwo signal regions:
100 — .
A Side: | & — Exrpl
Signal CR3
Region C Side: | &y — ECo|
50 ’
| = EAIC Which can further be divided by
0.01 | Ew — Sarp

lepton flavour (e, u)
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Control Region Modelling
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Total Background Moadelling

—stimate using ABCD Method

Using MC, Using data,
> 4 calculate correlation factor: calculate N(SR):
O I T, ey
T N(SR) - N(CR2) : CR3):
3 CR1 CR2 Ré‘,” = R - M ) N(SR) = N(CR1) ( )
- %" N(CRI1)-N(CR3) : = N(CR?2)

100~
Signal

Hegion S ABCD MC ABCD
N (S R)Predicted — Re/,u - N (S R)Data
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0.01 |&H — e

Require:

- Low signal efficiency in CRs ¢/
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m;; and | Sy — Sapp | 1o be uncorrelated
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Total Background Moadelling

Using MC, —
calculate correlation factor: R,a=106% O°05
S‘ A ... .................................................................................... .
) omc _ NGR)-N(CR2) Ry = 094007
S : I\y/ . -
CRH1 CR2 ~“" " N(CR1)-N(CR3) - Re = 1.02 %0.05
o "R, =0.98+0.06
Signal \ ,
Region CR3
50— . Require;
0.01 & - éﬁﬁ - Low signal efficiency in CRs ¢/
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Total Background Moadelling

Obtain final estimate of combinatorial background in Signal
> 4 ABCD MC ABCD
(GDJ N (S R)Predicted - Re/,u - N (S R)Data
3 CR1 CR2 —
N(SR)ABCD = 113. 83 + 15.25
1007
Signa N(SR), 5P = 59.66 = 10.04
Region CR3 —
50= | - N(SR)ABCD 97.96 + 13.21
0.01 & — &% -

N(SR);‘%CD = 65.77 = 10.75

| |
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Total Background Moadelling

Obtain final estimate of combinatorial background in Signal Regions

g1 NSRYpER oy = RUC - NSRYSECP | NSR) e
SQ CR1 CR2
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Total Background Moadelling

Obtain final estimate of combinatorial background in Signal Regions

> 4 ABCD MC ABCD
(GDJ N (S R)Predzcted Re/,u - N (S R)Data
= — |
3 CR1 CRO " This is what we expect
N(SR)ABCD — 113 83 + 15 25 l from the SM...
1007
Signal N(SR), 5P = 59.66 = 10.04
Region CR3 — B
o0 | > N (SR)ABCD 97.96 £ 13.21 ‘What can we expect for
0.01 |&hw — Sarp ' ~ New Physics models?

N(SR);‘%CD = 65.77 £ 10.75

| |
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EF 1 Interpretation
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Effective Field Theory of the Standard Model

New Physics?

24

ook at sensitivity to low energy
effects of UV theories

Model-Independent search
with uses the SM measurement
to constrain New Physics



EF 1 Lagrangian

Lrrr = Loy + Z —@6 Z F@f

A : Energy scale of New Physics

@?' . Operator at dimension d, effective coupling

f: : Wilson Coefficients

25

Modity Standard Model Lagrangian

with additi

Odd dimension

onal fields

operators violate

baryon/lepton conservation

Dimension-6 includes triple and
guartic gauge coupling

Dimension-8 only quartic gauge
couplings



EF 1 Lagrangian

Dimension-8

Lrrr = Loy + Z —@6 Z F@f

A : Energy scale of New Physics

@?’ . Operator at dimension d, effective coupling

f: : Wilson Coefficients

20

Dimension-8 production cross sections
dominate in the yy - WW

yy — WW aQGC Process
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EFT Interpretation: Dim-8 Operators

Constructing Dimension-8 electroweak fields

Jj .
QCZ%FT — 2 —4@;3 Field strength tensors: W;l of SU(2) & Bﬂ of U(1)
i A Covariant derivative DM of the Higgs field ¢
Transverse Fields O, Mixed Fields O, ; Longitudinal Fields O,
Constructed from 4 tield strength ~ Constructed from 2 field strength Constructed from 4 Higgs
tensors with no mass limitations tensors and 2 Higgs derivatives derivatives

8 operators / operators 3 operators
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EFT Interpretation: Expected Limits

ATLAS Work in Progress

Operator | Upper Limit (TeV %)
Linear  Quadratic
e Expected limits for yy — WW semileptonic faro/AT 16311 12.07
0 : _Cé) f]\,jjl/./\él 276.18 46.70
orocess at 95% confidence level = Fara/AY | 23.86 513
- fars/A% | 43.08 7.20
0 . . = fara/A* | 89.52 6.73
® \/alues calculated likelihood estimation of S s/ | 75.19 19,94
expected number of events on truth level. frz /AT | 548.76 93.39
fro/A* | 3.95 1.66
5 fri /A 8.97 3.45
O 4
® _Linitar A — & fra/A 8.00 41.66
Non-unitarised limits on EF I parameters P AN S
S fra/A* | 3.19 2.02
z frs/A* | 2.00 1.13
S fre/A* | 3.54 1.47
fro/A* | 3.24 1.75

28




Summary

AFP
=~ +210m Scattered ;H ﬂjﬁ
proton

Proton beam

Thank you!
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Use of Forward Detector

Step 1: measure spatial deflection Forward

Proton

Detector

A
3 field from X

LHC

__» [
reco

=06.4 [eV

dipoles -
E__ =65TeV i
eam i - = 0.5 TeV
T E—— reco

Step 2 |nfer prOtOn energy AFP =1- reconstructed/ Ebedm

Step 3: know energy of central system &}< }
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Novelty: reconstruct
central process without

central A

LAS detector



Event yields in simulation
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my; [ GeV |

Signal expected in
certain phase space
where aQGC may
appear



cE 1 Interpretation

Transverse Fields O
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Longitudinal Fields O
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cE 1 Interpretation

Estimate expected

Nuisance parameter
number of EFT events P

£1(60) Gaussian

distribution of predicted
NEFT — GEFT SM events

\

L(N,,; 1u0) =

Expected number of SM events

(ﬂNEFT + Ngyp)Vobs
N, obs !

_(ﬂNEFT+N sm) . f(@)

\4

L(N ,,; 40) used to set limits to a 95% C.L

Done separately for linear and quaadratic terms

34



Decomposition Method

Samples generated in independent components where the total EFT amplitude is:

Standard Linear Term Quadratic Term " terfggsieTgreTween
Model Interference of SM-aQGC Pure aQGC
QGC operators

[Agy +[A1" = |Agyl” + fi-2Re(Agy - A) + fHANT + fifi- 2Re(A* - A)
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Total Background Moadelling

= 4
Q
O,
=
S CR CR?
100 —
>ignal CR3
Region
50 — | >
0.01  |&hw — Eirp
N(CR3)

N(SR) = N(CR1) -

N(CR2)

Validation Check 1

Test for consistency between different predictions

Normalisation lest:

® Calculate N(SR) using MC values in CRs
® [hen correct with normalisation factor of C
CRS3 regions to data.

‘fCRl ‘ NI(SR)|

Jers - N(SR)
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| Validation Check 1
Total Background Modelling  Test for consistency between different predictions

’ R— ‘ N SR — N(CR3)DClm . Data
Jer - N(S )1 fcr3 - N(SR) | NSR) = s N(CRD)
e 94.7£8.99 95.24 +8.93 NP = 107.43 % 13.56

uon Ohamel 60,74 % 6.80) 72.24 +7.78| Npa =063.17£951
e 90,18 +9.09] 97.01 £9.10 NAEP =96.12 £ 12.21 |

WY Ch | ABCD __
vonChanmel 61,42 + 6.76| 7224 + 7.78\ NIECP = 66.95 £ 10.05 |
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