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* Can we pin down the end of the conformal window?
* Llook at SU(2)+ 1 adjoint Dirac flavour
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Analytic prediction

Model is widely predicted to be confining. Why?

* Large-N volume reduction: 1 adjoint flavour is confining
— IR behaviour unclear
— N dependence uncertain

* N =2 SYM is confining; take large scalar mass limit

— But confinement requires SUSY, which requires massless scalars.
— Fate of confinement when SUSY is broken is unclear

Strong assertions of confinement are not justified.
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Chiral symmetry breaking

* One flavour—surely no chiral structure?

* 1 Dirac flavour = 2 Majorana/Weyl d.o.f.

SU(2) symmetry between two chiral flavours
Breaks to SO(2): 2 Goldstones
* Insufficient for EWSB; not a WT candidate



Aims

* First-principles confirmation of IR conformality/confinement



Aims

* First-principles confirmation of IR conformality/confinement

* Spectroscopy



Aims

* First-principles confirmation of IR conformality/confinement
* Spectroscopy

* Anomalous dimension



Aims

* First-principles confirmation of IR conformality/confinement
* Spectroscopy

* Anomalous dimension

* Topological charge, susceptibility
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* First-principles confirmation of IR conformality/confinement
* Spectroscopy

* Anomalous dimension

* Topological charge, susceptibility

* Static potential
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Predictions

* Confinement: mps — 0, my # 0 as mpcac — 0.
* Conformal: Locking at scale myyq:
— Mpcac < Miock = Metare ~ M/ 1T72) — 0.
— Ratios of spectral quantities in this regime constant.
* Near-conformal: Intermediary conformal-ike region, IR confining
region

— Not clearly identifiable, for limited range of masses
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Lattice results

* Phase diagram: plaquette on 4% lattice; 1.4 < 5 < 2.8,
—-1.7<am< —-0.1

* Full set of simulations at two values of 3

— 3 =2.05and 2.2:

> Baryon spectroscopy,

Static potential
Topological charge
— [ =2.05only:
Gluonic spectroscopy (glueballs and torelon mass)
> Mesonic spectoscopy
> Spin-1 state mass (~gluionglue)
> Anomalous dimension (mode number)

s V=2Lx L3, L=28,12,16,24,32
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£ = 2.2 spectrum—provisional
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8 = 2.2 spectral ratios—provisional
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Lattice results
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Lattice results

* Phase diagram: plaquette on 4% lattice; 1.4 < 5 < 2.8,
—-1.7<am< —-0.1

* Full set of simulations at two values of 3

— 3 =2.05and 2.2:

> Baryon spectroscopy,

Static potential
Topological charge
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* Spectral ratios roughly constant—consistent with conformality
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Sample topological charge histories
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Lattice results

* Phase diagram: plaquette on 4% lattice; 1.4 < 5 < 2.8,
—-1.7<am< —-0.1

* Full set of simulations at two values of 3

— 3 =2.05and 2.2:

> Baryon spectroscopy,

Static potential
Topological charge
— [ =2.05only:
Gluonic spectroscopy (glueballs and torelon mass)
> Mesonic spectoscopy
> Spin-1 state mass (~gluionglue)
> Anomalous dimension (mode number)

V=2Lx L3 L=28,12,16,24,32

* Spectral ratios roughly constant—consistent with conformality
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* Wilson loop o = torelon &
* Center unbroken

* Good sampling of topological sectors
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Mass anomalous dimension

* Mass anomalous dimension 7y, ~ 1 important for WTC

* Observing large 7. here indicates viability for other WTC
candidates

* By inspection, fitting Lamy, ~ L(amPCAC)ﬁ
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Mass anomalous dimension

* Mass anomalous dimension 7y, ~ 1 important for WTC

* Observing large 7. here indicates viability for other WTC
candidates

1
* By inspection, fitting Lam., ~ L(ampcac) T
— =09<y <11

* Fitting the Dirac mode number per unit volume 7(£2)

2

a () ~ a t(m) + A [(aQ)2 - (am)Q] T«

from Patella [arxiv:1204.4432]
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Mode number results
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~v. mode number fit

1x106
900000
800000

A 700000
600000
500000
400000

1.05

0.95
0.9
Vx 085
0.8
0.75
0.7

0.05
r i 7 0.04 [X)
B TE i 0.03 |- i % i
Mt ﬂﬁ'i""'-' 1 em T
7} | 0.02 - { Tis
L i 0.01 { l
Il Il Il Il Il I E EI I % l 1 I I Il
0
02 025 03 035 04 045 05 02 025 03 035 04 045
Upper end of window Upper end of window
T 30000
1 7 25000 | -
[ §F 20000 +
L] izég%iﬂi 3! i
I I3 1y, 1s000 - % N
| 1;%%1 | 10000 |- I ISR E:
L % J 5000 { } i
| | | | | 0 mfii .1 . . .
02 025 03 035 04 045 05 02 025 03 035 04 045

Upper end of window

Upper end of window

Lower end of window:

0.100309 ——
0.104589 <
0109053 ——
0.113707
0.118559
0.123618

0.128894

0.134394 2+
0.140130 —A—
0.146110 7+
0.152345 —¥—
0.158846 —<—

0.165625 —@— 0.212824 =S~ 0.273473 —5—
0.172693 - 0.221906 —@— 0.285144 ——
0.180063 —><— 0.231376 —A&—  0.297312 ——
0.187747 +—>K— 0.241250 +—A— 0.310000 F%—
0.195759 —HE— 0.251546 ——  0.323229 —K—
0.204113 il 0.262280 ¥

13

@



Mass anomalous dimension

* Mass anomalous dimension 7y, ~ 1 important for WTC

* Observing large 7. here indicates viability for other WTC
candidates

1
* By inspection, fitting Lam., ~ L(ampcac) 77+
— =09<y <11
* Fitting the Dirac mode number per unit volume 7(£2)
2

a () ~ a t(m) + A [(aQ)2 - (am)Q] T«

from Patella [arxiv:1204.4432]
— = 09<7 <095
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Conclusions

* First lattice study of SU(2) + 1 adjoint Dirac flavour
* Constant mass ratios
* Light scalar present in spectrum

* Mass anomalous dimension is large, ~ 1

Results tentatively suggest
* SU(2) + 1 adjoint Dirac flavour is not QCD-like
* Potentially walking or conformal

* Could form part of a slightly larger technicolor sector (e.g.
SU(2) 4+ 1 adjoint 4+ 1 fundamental Dirac flavour)
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Ongoing work

* Complete data for 8 = 2.2
* Larger volumes (more data at V = 64 x 323,96 x 483)
* Lower m (towards chiral limit, look for signs of xSB)

* Look to running of coupling via Wilson flow
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