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Run-2 Dark photon / — yy, combination

Khanh, Qibin, Changqgiao, Shu
EB request in CDM meeting



https://indico.cern.ch/event/1345077/?note=256880#20-dark-photon-combination-eb

Scenarios of combination
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» Most straightforward and worthy scenarios for the stat. combination, based on available results from 3 input analyses

e ZH + VBF combination for mH = 125 GeV, myD = 0 — combined limits on BR(H 125 — yy,)

e Monophoton-recast + VBF combination for mH = 0.4 - 3 TeV, myD = 0 — combined limits on 6 X BR for
(9gF+VBF) H — yy4

e preliminarily combined limits for up to 1 TeV so far.



Preliminary results of VBF+ZH combination for SM
Higgs, massless dark photon

my =125 GeV, m, =0

Obs. Exp. —20 —1o +1o +20
VBF Reference 0.0180 0.0170 0.0120 0.0240
VBF Reproduced 0.0185 0.0173 0.00929 0.0125 0.0251 0.0345
ZH Reference 0.0228 0.0282 0.0146 0.0198 0.0415 0.0606
ZH Reproduced 0.0228 0.0282 0.0152 0.0203 0.0400 0.0573
VBF-ZH Comb. Uncorr. 0.0135 0.0146 0.00782 0.0105 0.0208 0.0282
VBF-ZH Comb. Full Corr. 0.0132 0.0148 0.00794 0.0107 0.0212 0.0287

ZH

VBF

Combined

ATLAS 2.3(2.8)%

1.8(1.7)%

1.3(1.5)%

CMS 4.6(3.6)%

3.5(2.8)%

2.9(2.1)%

i; * VBF limits on BR reproduced using Comb FW agree well
. with VBF ref. results.

|
|

e Preliminary VBF+ZH combined limits on BR(H — yy,)
(with correlation scheme) for SM H, massless dark photon
is 1.3 (1.5)% — the most stringent constraint so far




Preliminary results of VBF+monophoton-recast

combination for heavy Higgs, massless dark photon
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New interpretation for SM H — yy, results

e In Minimal Model with 2 scalar messengers: one SU(2); doublet and one SU(2), scalar singlet, allowing to generate

1-loop H — yy,4 vertex. T
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- In the Minimal Model, BR’s of H — yyy / ypyp/ vy can be expressed as:

- Tmm

_ SM "D

BR,,, = BRZ] - 5 -
1+7, . BR
DD Yy

!

~ -~ -
BR,, = BRSM o0
‘DD 14 r, . BRM
DD Yy

2
BR — prsM_ LT XVT)
r " 14 71,,,BR3)!
With 7;;, = Fszlz/l , genericaiy inaicaung tne pure messenger contribution to H — i j width
Yy

X = 1 in parametrizes the relative sign of the new physics and SM contributions in the
amplitudes of the H — yy

« o { Qp Y\ 2 .
. ) . 2 D N o V2 D . v 2
Simplifed Model: 7+, = 2X (—a ) s Typyp — X (_a ) y Ty = X
£2 A

* With X = VA D) and the mixing parameter §= 2 depending on the mass

difference of the 2 scalars. F from the SM H—yy form factor (6.5). For a pair of mass-
degenerate EW messengers, R~0.045
* More constraints could also be derived from H—yy and H—inv BR’s limits

e Resulting limits on BR from this analysis or other analyses (e.g Hinv Comb and Hyy measurements) can be used to
constrain the 2 free parameters (ap, &) in simplified model.



EB request

* EB request aiming Moriond conferences given in CDM meeting!

* Following the talk/discussion, Action Items to trigger EB:
v orthogonality checks with signal MC between monophoton-recast and VBF channel
v Reply to questions/comments in CDS.
> Produce combination results in 1 - 3 TeV.
> Understand the 5% discrepancy between the VBF-recast vs raw results in high mass points.

» Have draft version of new interpretation results


https://indico.cern.ch/event/1345077/?note=256880#20-dark-photon-combination-eb

Run-3 ggF H — yy, search

Khanh, Shu
Recent update in HLRS meeting



https://indico.cern.ch/event/1311257/contributions/5685630/attachments/2761407/4808869/HLRSupdate_28nov.pdf

agF H — yyp
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¢ ggF has significantly larger cross-section, BUT challenging signature:

¢ Hard to define an efficient trigger while keeping reasonable rates
e Mono-photon — primary vertex misidentification
e |low MET and low photon pT — overwhelmed by fake MET background

: PR TR S S S SR T S S S S n L x1(
00 50 100 150 200 250 300

Signal generation

8 Y 4
e Will consider also Z/W H and VBF production __H_ _H_
modes 8 K X
= Expected contribution for MET > 100 GeV
and photon PT > 50 GeV: 8.4% for ZH,
WH, and 20% for VBF agF VBF WH (w*+ w-) aqzH
* MGC23c for all signals requested: Baseline cuts 705566 55580 18792 10490
¢ Signal requests at HLRS meetings:
ggH (700k), VBE (300k), VH (WmH 250k, Ba:::'t':: “,’:ttj * 705566 55580 11300 9448
WpH 150k, ggZH 100Kk)
¢ JIRA tickets: ggH, VBF, VH Tight cuts 22407 5542 2456 1614
¢ Only VH not ready
Tight cuts + lepton 22407 5542 1087 (+318 Wy, supp 1464
. . veto by 1y cut)
e Generation release: AthGeneration,23.6.6 —
Total contribution
with tight cuts and a 73.47 18.17 3.56 4.8
lepton veto (%)




Tentative analysis strategy

¢ Analysis strategy definition in progress. Plan to combine Run2 (with MET > 150 GeV) and Run3 (MET > 100 GeV)

* Backgrounds:

el BR = 5op ks e end
107 |gna = (6) Dz(l\l.)fi. -Z(\"\:.Eﬂets
True photons 1-lepton and 2-lepton CRs o SR =i

Z¢Iw) +y, W) +y MET with leptons treated as invisible particles 10° | T

Electrons-faking-photons
W(ev) + jets, Z(ee) + jets

Standard rescaling of probe-e CR by fake-rates

Jets-faking-photons Need new data-driven method. ABCD based on photon ID
dijets, W(£v) + jets, Z(¢¢1vv + jets)  and ISO probably not feasible due to tight photons in trigger
Fake MET =10
o ety Need to define data-driven method

e Plan to use BDT, but also interesting to exploit mT shape: fit mT template in bins of o s . . ¢
00 50 100 150 200 250 300
BDT (or the other way around) ?

e Other future / ongoing studies: improving mT resolution with ML, photon vertex identification, METNet

to suppress events

Preliminary cut-based SR with wrong PV

L. AE™SS > — 10 GeV'

Preselections ® E7**> 100 GeV, photon p; > 50 GeV

e E7" significance > 6

bal
and my > 80 GeV ° Aqb(E]miss, E;) > 1.25 o pTa anee S 2
® 1 selected photon and no baseline leptons AG(ETSS, By < 075 o |x”| <175
® At most 3 jets ¢ T »tp) =Y. o Ap(jl,j2) <25
p;alance — %‘;mﬁ (All scalars) A E]Itliss — E%;?JVT _ E]riziss 10



Cut-based SR

Run 3 vs Run 2 comparison

LA HL B L B B I
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E10°E ATLAS Simulation Internal - £ 10° ATLAS Simulation Internal
Z(I)+y Z(vv,ll)+j Z(vv 1)+ Z(vv)+)
@ 10’ - Run3 Ezk’wiy EVé(h')+)‘{ e @ 107 - Run2 E|\A;(_|v)+)7 e =M>(hv_;+j{ets
10° 26 fb” = ot e 10140 fb- oty
10 10
t0tp-MET > 100 GeV 10 -MET > 150 GeV Comparable sensitivities
3
:gz o between full Run2 and Run3
10
10 10 (2023)
1 1
107" 10-" Loss in signal acceptance
107 102 compensated by much higher
LA S | A T 107 collected statistics and better
= R e e : suppression og y-+jets
3— 26 fo:BR~1.5% _§ 2 3 BR~ 1% _g background
2 140 fo-: BR ~ 0.65 % E 2f E
1 = E 3 .
: : —:-‘d_'—\‘l—-_ . . 3 E A,_IJILL‘¥ : Total signal acceptance < 1%
% 0 100 150 200 250 300 % 80 100 150 200 250 300
. N : Future plans: study
e Cross-section 52 pb and benchmark ® Cross-section = 48 pb and benchmark’ -
_ 10 _ 10 backgrounds and lower MET,
o= o= both for Run 3 and Run 2
e Signal acceptance: e Signal acceptance oth 1or kun S and Run
e wrt preselections: 56% e wrt preselections: 20%
e Total: 0.5% e Total: 0.14%

o s/\/b~13 o s/\/b~2%

TDLI team is getting involved in defining preliminary
analysis strategy with stat only
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Preliminary BDT studies

Michele Boldini (bachelor), Marcello Fanti,

Silvia Re

(More details here)

sconi, Federica Piazza

e Using TMVA

e Cut 80 <mT < 150 GeV prior to BDT, variable not in the training

e 3 steps optimization:

¢ Preliminary optimization of Ntrees variable

¢ [nput variables: start from 18 and iteratively remove the
variable whose removal reduces the AMS the less

e Reoptimize Ntrees with final set of input variables

Step 1 Benchmark: BR=5%
2 | | | TTran
I3 o Test

e_r‘-ﬂ\

eo e b by by o by by b e by 1
0 100 200 300 400 500 600 700 800 900

AMS

>

Step 2 Benchmark: BR = 5%

AMS vs Removed Variable in Roun

@ Number of fold = 2 Step 1

@ Boost: Adaboost

© =02 Step 2

@ Min node size = 5% =

@ Max depth = 3 Step 3 ‘i

n g I
AMS = /2 (n In [E] - s) Optimized BDT
N _vars

d

AMS vs Round

[ R R R

i | Removed Varialeiname

MET _sig
Ap(MET, ZfaiUVT P#t)
Ap(p}, MET)

T
MET _cst
MET _jetterm

MET _track_et

| | | 1

|
Dn;, PT,  Met ey, Met . by . Mer
et Lsofre, Amegy  ~Sig y
Cer 1oy anw\é‘e ~ailyyy.

'l
Dpy . Doy . Me . ey, T 1,
Ph_por SO0, "It 4 "~P Ty “eltey,, "%-me P "V oy,
Mgy P Tmise WSS g m " ege ~PTmjg
st s ity . 1 oy

2 possibilities: 8 or 4 variables in final training

® MET sig

@ 7y
@ MET _cst
@ MET _track_et

METwith jetterm CST — MET

Ntrees = 200 ’ 8vars 4 vars
Step 3
8 variables i e

T e Conclusions:

oL +*‘* ***ﬁ%ﬂr | " ¢ Preliminary studies, to test potentialities of BDT
i R - :

* o '+¢%_+ e BDT approach seems promising (from BR~2% exclusion cut.based to

e LT .
- : J gﬁ BR~1% using BDT)
i e

10? ﬂ‘#m# ';l . .
g %@;gﬁﬁf' ¥ e BDT trained only for mH = 125 GeV for now — still
e mﬁﬂﬂﬁ* | H ample room for our contribution to here.

BDT score
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R24 Xbb tagger ¢ — bb calibration

Khanh, Changgiao
Recent update in FTAG plenary meeting



https://indico.cern.ch/event/1351168/contributions/5692229/attachments/2761345/4808769/AQPFinalReportv2.pdf

The GN2X tagger

Based on a Graph Neural Network algorithm and transformer architecture
Input: large-R jet tracks Output: puss, Phees Props Pged

Phbb
fee'Phectfrop Ptopt(1—fec—ftop) Pgcd

where f.. = 0.02 and f,, = 0.25

Working Points

50% 60% 70% 80% 85%  — signal acceptance

Discriminant: D;p,x = In(

4.20 3.65 3.04 2.25 1.72 — discriminant value

The g—bb calibration

........................................

[ ATLAS Simulation Preliminary —— HI(bb)

07 VS =13 TeV, Anti-k; R=1.0 UFO jets —=+ H(cé)
[ pr>250 GeV, 50 < m; <200 GeV, [n| <2 = To p
r ~— Mulj

e The GN2X tagger is trained on simulated H(bb), H(cc),
top and multijet jets.

e Performance of tagger in MC must be calibrated
based on data.

e g—Dbb multijet events kinematically similar to H—bb
and an important background.

e In-situ calibration of mistag efficiency is performed
using gbb multijet events.

e Samples separated in py slices to increase statistics in
high pt range

e Scale factors derived in pt bins for each tagger WP

Normalised number of large-R jets
o o o o

14



Code framework

e Ntuple production using AnalysisTop (R24) and custom event saver code — loose selections applied.

e Histogram files created with Ntuples Analyzers and further selections applied.

e Fit performed using TRexFitter — config file here.

g—bb candidate selection

A g—bb candidate is defined as
O (R=0.4)
L Jet collection: AntiKt4EMPFlowJets
O pr>20 GeV, |n|<2.5, Tight JVT WP
| (R=1.0) Events are required to have 21 g—bb candidate. In the case of multiple g—bb
L Jet collection: AntiKt1@UFOCSSKSoftDropB1@@zcutlelets candidates, the highest pt one is chosen.
O pr>200 GeV, |n|<2, m>50 GeV.
L Jet collection: AntiktVR3@Rmax4Rmin@2PVeTrackJets
O p>7Gev, n<2.5 %
L p>8 GeV; [n<2.4], |d0|<2 mm, |z0sint|<2 mm

15


https://gitlab.cern.ch/atlas-boosted-xbb/r24_gbb/NtuplesProduction
https://gitlab.cern.ch/atlas-boosted-xbb/r24_gbb/NtuplesAnalyzer
https://gitlab.cern.ch/atlas-boosted-xbb/r24_gbb/xbbcalibrationfit/-/tree/alsidleyfit?ref_type=heads

90000 LIS L O O O Y O L B

5 - ATLAS  Intemal ¢ Data | BB ]
{80000 {s=13TeV,XXfo ' WIBC [MBL E
£ Xbb gbb Calibraton [liCC [HCL a
70000 = Tagged BLL Uncertainty 3
C Pre-Fit .
60000 - -
Apply the tagger —f
E L 3
40000 |- —
o . 3
30000 - o 3
200003— —f
x10° S . E
9400||||||||||||||||||||||||||| 10000 | E
C = — Ce. .
°>’ ATLAS |ntel’na| -BB -BC | g og %2/ndf =91.9/10  %2prob = 0.00
W [ {s=13TeV, 446" 5L mCC o 04 N
- S = ev, . -CL oLl - s 1 pprmgrmgrrrrgsee e
. . T 0.75F
- Pre-selection ¢ data 7/ uncertainty - et
300 ) 1 2 3 4 5 6
Mean SV Mass [GeV]
>—<1|0I3| T | T 1T | T T 1T | T 1T ‘ T TT | T 113
§ '%°C ATAs  intemal #Data BB E
W s00F- fs=13TeV,XXfo ' @BC [HBL =
[ Xbb gbb Calibration [JicC [HCL ]
200 1400~ Anti-Tagged BLL Uncertainty ]
C Pre-Fit .
1200 — 3
1000~ “®" o -
800 —
100 . RS E
400 -
200 _:
° E x?ndf=795.6/10 x?2prob =0.00 E
@ 125F 3
o < SSPR S T N RS X
o E E
% 1.4 g 0-75;_ _;
g 12 I T S S
© 1 Mean SV Mass [GeV]
0.8
06 -lll ..... [ rl ..... - [Illll ........ I Illll[llll 3 o
0 1 2 3 4 5 6 Apply GN2Xv00 at 80%

WP (Dgnox 2 2.25) to get
tagged and anti-tagged
regions

large-R-jet mean SV mass [GeV]

ATLAS  Simulation Internal
s =13 TeV
Xbb gbb Calibration

Tagged

BLL  ECL

ECC [BL

@BC
Anti-Tagged

16



Fit procedure

e 6 flavour templates based on truth flavour label of VR track jets

— fit MC flavour fractions
o 5 normalisation factors (BB, BL, BC, CC, CL) to scale flavour components separately

e Calibrate efficiency of tagger on gbb events and extract SF

—

NF(BB £
( ) 2 oo T T T
& 90000 T T T T T T T s [ ATLAS  Inlemal ¢ Data BB B
§ [ ATLAS  inemal #Daw | 8B 3  teoo =10 TeV. XX WBC  MBL 3
L 80000 E s=13TeV,XXfb Y mBC mWBL = F th? gbb Calibration  [llCC !CL ) ]
£ Xbb gbb Calibration [liCC [MCL 1400 Sntl-;agged | [N “-Uncertainty -
70000 E Tagged WL 7~ Uncertainty :, re-Fit j
Pre-Fit 1200 | ]
60000 3 F e ]
1000~ e =
50000 — i - == i . B
E ¢ o SO0 O E
40000 — - 600 B
£ L9 E ]
30000 (s E 400 [ .
20000 [~ - Antl'tagged 200 3
10000 | . < Zgz 22idf = 795.6/10  x2prob = 0.00 E
C E 2 125F E
[y B @ E .0.90 0 o © o ¢°
3 25: %2/ndf = 91.9/10  %2prob = 0.00 ) 3 E 1 o 1Ee® E!
2 1255 - —_ = E 3
S 2 . et A P SF =y = data ., EpmcHU g o7 ]
s 075.3/,/,,,”.,,, e i~ I ' = U= Anti- SF = | 05 : 3 3 : : :
S ost . . . . . E €mc 1- Emc Mean SV Mass [GeV]

) 1 > 3 4 s A

Fit performed using trex-fitter, example config file here
Regions: Tagged, anti-tagged
SF is fitted from BB template in tagged region
Anti-SF is fitted from BB template in anti-tagged region
NF(BB) is fitted from BB template in both regions
NF(BC, BL, CC, CL) are fitted from templates in anti-tagged regions
Signal: BBtagged, BBuntagged
Background: [BL, BC, CC, CL, LL]iagged,untagged
Variable: large-R jet mean SV mass

17



Preliminary fit results

Stat. only
mc20d

All pt bins (p7>200 GeV)

GN2Xv00 (80% WP)
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Next steps

Start new production with latest derivation p5835 (with GN2Xv01)
Perform fit on full dataset

Study other fit variables and optimise selection
Perform full systematic fit
Bin in pr and repeat for other tagger WPs
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GW+collider inverse problem

Khanh, Shu in collaboration with VQ and Michael
to be honest, not much progress so far
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General picture and key questions

GW
—

Lagrangian V(p,T),S . Predict GW

Collider

/

Collider HL-HE-LHC, TianQin,
observable Taiji, LISA ...

¢ Q1: Can combination of collider and GW observations be used to
determine the BSM scenario responsible for the observed signals?

21



° ° “':‘ : : 1d A ,‘;V-Z‘A
Triplet scalar extension model @) prraEn
P. Fileviez Pérez, H.Patel, M.J. Ramsey-Musolf, K. Wang.
Scalar field content: PRD 79 (2009), 055024
o]
H=(1 ¢+ 0 i= o, Ei=(0'1110'2)/\/§ and 20=0'3,
(vo+h+id") ) ’
75 0 ¢ 03 + X0
Higgs doublet SU(2) triplet v
| $0 /2%
(1,3,0) 2<\/§2— —x° )
Scalar potential:
new particle
Standard model mass + self coupling Higgs portal interaction
1 .2 by = S
V(H,Z) = —p*H'H+ A\(H'H)* [— 5;@322 + $(22)2} [—I—all-IlTEH + %HTHZP]
Four unmeasured parameters: u2, a,, a,, b, L Breaks Z, symmetry
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Phase structure diagram

EFT+ Non-perturbative
b, = 1.0 Friedrich, MJRM, Tenkanen, Tran 2203.05889

(a)
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- metastable

.| two-step
B one-step

crossover
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Crossover |
0.5 _

100 150 200 250
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Combination of GW-collider

(C)

Hypothetical set of measurements
0y = —0.132 i(() 0155
ms, = (200 + 5) GeV

BR(X? = ZZ) = 0.01 & 0.002

2.0

LISASNR >5

L 15

FCC-ee

B BMA (20
™ BMA’ (20)

' | BMA: my + &
B LISA sensitivity \ )> + 144

BMA’ : BMA + BR(Z° - Z2)

1.0

100 150 200 250

my. (GeV)

** GW-collider overlapped = model is responsible to both GW and collider signals
*» If collider observed triplet scalar but the collider regions don’t overlap with LISA

region = model is not responsible to GW signal = another BSM is needed!

g S

| Important question under iInvestigation: How to statlstlcally
]] combine measurements of LISA experiment and collider to 1]

m flnd the overlapped reglon In parameter space’?
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From ATLAS point of view...

e Search for collider signatures in real scalar triplet extension model.

o Precision measurements of H->yy — — —> information on 5”,

o Z2-symmetry: reinterpretation of long-lived chargino search with a disappearing track signature in the context of the

triplet model — — —> constraints in the model parameter space arxiv:2201.02472
e0 Pixel SCT
AP . \chargino deca
40 - //\ \\ \\\ g y \ \-_____ X
N \ o+ L XL W -
- SO LR S
soft
pion ““ ““
200 | 400
z [mm] undetected
tracklet
e non Z2-symmetry: reinterpretation of ATLAS search for Z boson pair in 4l final states — — —> set limit

on BRE? - Z27) arxiv:2009.14791

e Any model as long as it has 1st order EWPT, e.g singlet scalar model: h->aa->4b could be good candidate.
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