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Beyond standard model
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Many dark matter models predict new mediators with
sizeable couplings to quarks and gluons
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Leptophobic axial-vector Z’
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* Benchmark model in this analysis

 Leptophobic: no coupling to
leptons

* Decay to all quark flavours
equally



Motivation for the associated photon

Jets fire the trigger

/

q
m(Z’) ~ 2xpr(q’)
poor sensitivity below 1 TeV

Photon fires the trigger

Dijet+ISR ~
(ISR: Initial State Radiation)

Allow searching for Z’ with low mass
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Last iteration of resolved dijet ISR: A
lower statistics;
extended mass range

)Link to the website
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Dijet 8 TeV

20.3fb”"
Phys. Rev. D 91, 052007 (2015)

—— Boosted dijet + ISR

36.1 0"
arXiv: 1801.08769

—— Resolved dijet + ISR (y)

Preliminary, 15.5 fb™"
ATLAS-CONF-2016-070

—— Resolved dijet + ISR (j)

Preliminary, 15.5 fb™"
ATLAS-CONF-2016-070

—— Dibjet
24.3836.1 "
Phys. Rev. D 98 (2018) 032016

—— Dijet TLA

3.6&29.7fb"

Phys. Rev. Lett. 121 (2018) 081801
— tt resonances

36.1fb

Eur. Phys. J. C 78 (2018) 565

Dijet

37.0f"

Phys. Rev. D 96, 052004 (2017)

| —— Dijet angular

370"
Phys. Rev. D 96, 052004 (2017)

Trigger level analysis:
high luminosity,
. limited range
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/

Events / Bin

Trigger strategies
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ATLAS
Vs=13 TeV

Flavour inclusive

Combined trigger

Single-photon trigger

—e— Data, 79.8 fb™, single-photon trigger

—e— Data, 76.6 fb™', combined trigger
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mj;: total invariant mass of two selected jets
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KSingle—photon trigger

* 1 high pr photon

¢ Combined trigger
* L1: 3 jets
* HLT: 3 jets + 1 photon
4+ Cons:
* Lose about 3 fb-12015 data

* Cannot extend to lower mass

region
4 Pro:
k * Improve the sensitivity J




Event selections

Criterion Single-photon trigger Combined trigger

7 Number of jets Njets > 2
Number of photons ny, >1

— | :
(j Leading photon EX > 150 GeV EX > 95 GeV

Leading, subleading jet pjTet > 25 GeV pjTet > 65 GeV
Centrality ly*| =|y1 — y21/2 <0.75
Invariant mass m;; > 169 GeV m;; > 335 GeV

y*: difference between 2 leading jets’ rapidity

[ Photon ISR ] mse full 2015+2016+2017 dataseh
/ \ (~80 fb-1)

. . . . 2 leading jets are selected as
[Slngle-photon trlgger] [ Combined trigger ] candidate jets from Z’

/ 2 b-tags: 2 leading jets passing DLI

[Flavour inclusive] [2 b-tags] [Flavour inclusiv% [2 b-tagsj fixed 77% working point J

\_
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Background estimation

ﬁ The QCD background distributionh

a smoothly falling spectrum
New resonance

Events

e New resonance 1s the local excess
on the smoothly falling background

e Use smooth functions to fit the data
f(x) = pyx e PP
Jx) = py(1 — x)P2xPs

g f(x) = pl(l — X)P2XP3+]94 In x

QCD backgroirm/v

f(X) — P1(1 . x)p2xp3+p4 In x+p5(In x)?

where p; are free parameters and
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Sliding window fit (SWiFt)

ﬁard to fit entire mass range with a single function due to tight constrain from h%

statistics data

* Successive fit of each mass bin 1s conducted

Qackground in each mass bin 1s predicted by the center of fitted function in J

corresponding mass window

4 Window #1

72 , , .
t The mass window
g ’ = The broadest possible range
LU ° retains y? p-value >0.05
- o
| | ® ®
Window #4

Invariant mass
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Search results

BH p-value = 0.74
x2 p-value = 0.12

c I T T T T T
M 16  ATLAS —e— Data, 76.6 fo", ]
% E V(s=13TeV combined trigger -
I= — Flavour inclusive —_— B’aCkground fit -
e |esggy ——Z',0x 150 a
T m,. = 550 GeV.
10° = g,
= T e BH p-value = 0.6

2 p-value = 0.22

10* &= —=—"Data;79.8 fb™,
= single-photon trigger
— Background fit -
— ——Z',0x 150 e
103 — mZ, = 250 GeV, gq = 01 | ;j
o 2E =
S 0F -—-_-_LHJ_-._._-..r'E
S —2E- =
= = f f f f f f i =
> 25 —
n OE =
-2 =
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ATLAS —e— Data, 76.6 b

(s=13 TeV combined trigger

2 b-tags —— Background fit
—— 7', 0x15

m,. = 550 GeV,-g—=0

q
BH p-value = 0.63
2> p-value = 0.52

BH p-value = 0.97
2 p-value = 0.77

—=— Data, 79.8 fb'1,
single-photon trigger

= Background fit =

= ——Z',0x15 L|J+lf|—

- m, = 250 GeV, g_ = 0.1 | $

= : : : : : : : i =

— . . . ! . : . . | =
200 300 400 500 600 700 1000

m; [GeV]

e Use Bump-Hunter to find the largest excess, from 2 bins to half

e Search phase is independent of any model

spectrum

e No evidence of new resonances was observed




Model dependent limits
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Phys. Rev. D 91, 052007 (2015)

—— Boosted dijet + ISR

36.1fb"
arXiv: 1801.08769

— Resolved dijet + ISR (y) . .
. e B-tagged categories yield Z°
— Resolved dijet + ISR (j) . .
R limits comparable to the
—— Dibje

243836110 "

B B flavour-inclusive categories
—— Dijet TLA

36&29.7fb "
Phys. Rev. Lett. 121 (2018) 081801

— — tt resonances
36.1fb

At e Stronger 95% CL upper limits

bi<03
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0.04| m-0Tev.g, 10 o
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Model independent limits
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e Signals are gaussian shape with different width

e Limits in 2 b-tags channels can be reinterpreted in
terms of resonances decaying preferentially into b-
quarks
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Conclusion

KSearched for the new resonance in the invariant mass
spectrum of dijet pairs from 169 GeV to 1100 GeV using
80 fb-1 Run 2 data

e No evidence of new physics was observed

e Significantly extend the constraints on hadronically

\decaying resonances from 225 GeV to 1100 GeV

Thank you!
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Backup
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Signal injection

1.04p L LA AL L R L L L R BN RNCRELENLE BEL RN B ANL L BN BRI
% [ Signal injected, bump not excluded ATLAS ]
E ’ 02— Signal injected, bump excluded —
=T . ® mMsignal = 550 GeV, Gaussian-shaped
[ e gnal , Gaussian-shape
1] -_EI:;L—%FI—:I#_{E
- ey oria TeV: e Bump excluded(bump not excluded):
0.98— Stat. err. avoLIeIUSIve — . . . . .
o . . Gombinedtrigger signal normalization 1s just
8] — —
5 o Bump range notexcluded 3 above(below) the BumpHunter 0.01
T o = p-value threshold for removal of the
@ —ig = 500l njected E window corresponding to the excess
) E t 1 t t E
- 4E Bump range excluded = . . .
§  2F = = e Red area: No signal injection
= 0] = - == E
.(%’ -2F- 3 Signal injected —=
_4;— . | . . B No Signal | .
300 400 500 600 700 800 900 1000 1100 1200

m, [GeV]

e Test all signal samples to determine the minimum allowed sizes of mass window

e Draw pseudo-experiments with statistics equivalent to the statistics of the full dataset from a
smooth fit to the unblinded 15 fb-1 data

e When injecting a nearly-detectable signal, the background estimation agrees within statistical
uncertainties with that derived when fitting a background-only distribution
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Systematics

Uncertainty

Inclusive,
compound trig.

Inclusive,
single vy trig.

2 b-tagged,
single vy trig.

2 b-tagged,
compound trig.

Fit statistics
Fit function choice
JES
JER
Photon related
Trigger efficiency
b-tagging SFs
Luminosity
PDF

0.5% - 10% of background, depending on channel and m;;
0.5% - 10% of background, depending on channel and m;;
Templates for Z’, 2.0% shift in Gaus. mean for model-independent limits

3.0% 3.0% 3.0% 3.0%
2.0% 1.4% 2.0% 1.4%

— 3.0% — 3.0%

— — ~5.0%-15.0% ~5.0%-15.0%
2.0% 2.3% 2.0% 2.3%

1.0% Z’, none for model-independent limits

Gang Zhang
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Fit uncertainty and function choice uncertainty

1] 10° E ' ' ' 3 "(,E) C I I 7
< - - L _
g F ATLAS ] s ATLAS -
B} Vs=13 TeV, 79.8 o' . \s=13 TeV, 76.6 fo'
5 Single-photon trigger 105 Combined trigger |
10" Flavour inclusive 3 - Flavour inclusive 3
10* = 3 10% E
: —— Data : : ——Data .
T S, ] _gltt tistical uncertainty on fit |
= — - Statistical uncertainty on fit 3 3| —-otaustical uncertainty on Ti _ . . 1
- Function choice 4 - 10 = Function choice = ¢ The pI‘lmaI'y funCtIOH YIelds
. ; } } | ; . — | 3 .
§ ooost— i geel “—== the highest y? p-value
il e = e =
& 0.005F— T ——_ 3 T 0005 ~‘\|\\é
= L ) L | | | L | | = : = L 1 L I | | = . .
T T RS T T T Ca The function with the lowest
m; [GeV] m; 1€ . .
x? p-value which still results
g F o ] I 7 7| 1na p-value larger than 0.05 is
7 B ATLAS ] 7 - ATLAS - .
el (s=13TeV, 798" | - s=1aTev,766%" | chosen as an alternative
= Single-photon trigger 3 = Combined trigger - .
- 2 b-tags ; : 2 b-tags 1 \_function
102 = = 102 = =
10g E 10 .
- —Fit - — Fit
— - Statistical uncertainty on fit ~ — - Statistical uncertainty on fit 1
1E" - Function choice E 4L - Function choice ]
= L - = | =
+© — L I © E [ =
R =TT 8 oo0sE- ——
5 oEEmmmmm=mmrT T 3 5 oEETTooEE T I o =
E o A S -
2x10? 3x102  4x10? 5x10? 10° 4x10? 5x107  6x10°  7x10? 10°
m, [GeV] m; [GeV]
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